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Abstract 

This thesis has been developed at Monolithic Power Systems; an IC design company 
located in Barcelona. The objective of the thesis is to learn the physical flow and make 
the tape out of a real-life project.  

One part of the thesis consists of studying each stage of the physical flow, starting with 
the necessary files with the particular constraints for the design, followed by the output 
files, and finally analyzing the flow of each step. Concurrently, a real project of the 
company is going to be developed from the RTL to the GDS.  

Finally, this project has been taped out within the established timeline, with all the 
characteristics and requirements that were requested by the marketing team and without 
timing or any other type of violations. 



   

 2 

 

 

 

 

 

 

 

 

 

Dedication: Als meus pares i al meu germà, per estar sempre al meu costat, assessorar-

me i recolzar-me en les meves decisions. 

 

 



   

 3 

Acknowledgements 

With this thesis I finish the master’s degree in electronic engineering, a very intense two-

years stage. During this period, I have been able to learn many things in the field of 

electronics and I have met people with interests very similar to mine. 

First of all, I want to thank Ignacio Lesser for all the help and recommendations that he 

has given me from the first day I entered the company and also the one he has given me 

to carry out this thesis. 

I also want to thank Francesc Moll for agreeing to be my advisor for the thesis, as well as 

tutor for the practices in Monolithic Power Systems. 

To all my classmates and professors of the master for teaching me so much. 

To all my co-workers for helping me from the first day I enter the company. 

I want to thank my friends and my family for all the support they have always shown me 

in the decisions I have made. 

Finally, I want to thank my parents and my brother, since they were the ones who 

encouraged me to start studying the master’s degree and they are always by my side 

when I need them. 

 

 

 

 

 

 



   

 4 

Revision history and approval record 

Revision Date Purpose 

0 14/10/2020 Document creation 

1 13/01/2020 Document revision (Ignacio) 

2 21/01/2020 Document revision (Francesc) 

3 25/01/2020 Document revision (Ignacio) 

5 27/01/2020 Document revision (Ignacio) 

6 28/01/2021 Document revision 

 

Written by: Reviewed and approved by: 

Date 14/10/2020 Date 29/01/2021 

Name Ricard Subias Farreres Name Francesc Moll Echeto 

Ignacio Lesser 

Position Project Author  Position Project Supervisors 

 



   

 5 

Table of contents 

Abstract ............................................................................................................................ 1 

Acknowledgements .......................................................................................................... 3 

Revision history and approval record ................................................................................ 4 
Table of contents .............................................................................................................. 5 

List of Figures ................................................................................................................... 7 

List of Tables .................................................................................................................... 9 

1. Introduction .............................................................................................................. 10 

1.1. Objectives ........................................................................................................ 10 

1.2. Requirements ................................................................................................... 10 

1.3. Specifications ................................................................................................... 11 

1.4. Project idea ...................................................................................................... 11 

1.5. Workplan .......................................................................................................... 11 

2. State of the art ......................................................................................................... 18 

2.1. Register transfer level ....................................................................................... 18 

2.2. Synthesis .......................................................................................................... 18 

2.3. Place and Route ............................................................................................... 18 

2.4. Logical equivalence check ................................................................................ 18 

2.5. Power analysis ................................................................................................. 19 

2.6. Design for testability ......................................................................................... 19 

3. Methodology / project development ......................................................................... 20 

3.1. Design description ............................................................................................ 20 

3.2. Synthesis .......................................................................................................... 22 

3.3. Place and Route ............................................................................................... 30 

3.4. Logical equivalence check ................................................................................ 38 

3.5. Power analysis ................................................................................................. 40 

3.6. DFT .................................................................................................................. 41 

4. Results .................................................................................................................... 44 

4.1. Synthesis .......................................................................................................... 44 

3.4. dft_violations.rpt ............................................................................................... 51 

4.2. Place and route ................................................................................................ 51 

4.3. Logical equivalence check ................................................................................ 63 

4.4. Power analysis ................................................................................................. 67 

4.5. DFT .................................................................................................................. 68 

5. Budget ..................................................................................................................... 69 

6. Conclusions ............................................................................................................. 70 



   

 6 

Bibliography .................................................................................................................... 71 

Glossary ......................................................................................................................... 72 

 

 



   

 7 

List of Figures 

Figure 1 Gantt diagram. .................................................................................................................................. 17 
Figure 2 Design schematic. ............................................................................................................................. 20 
Figure 3 Synthesis inputs and outputs files schematic [8]. ............................................................................. 22 
Figure 4 Synthesis flow schematic [8]. ............................................................................................................ 25 
Figure 5 Synthesis problems and solutions. Registers that fail DFT rules. ...................................................... 28 
Figure 6 Synthesis problems and solutions. Registers that fail DFT rules are fixed. ....................................... 28 
Figure 7 PNR flow schematic [9]. .................................................................................................................... 32 
Figure 8 PNR issue multi-cut vias report. ........................................................................................................ 37 
Figure 9 Single-cut via.                                       Figure 10 Multi-cut via. ........................................................... 37 
Figure 11 PNR issue multi-cut vias fixed report. ............................................................................................. 38 
Figure 12 LEC flow schematic [12]. ................................................................................................................. 39 
Figure 13 Power analysis flow schematic. ...................................................................................................... 41 
Figure 14 DFT flow schematic. ........................................................................................................................ 42 
Figure 15 Synthesis: database files. ................................................................................................................ 44 
Figure 16 Synthesis: reports files. ................................................................................................................... 44 
Figure 17 Synthesis: timing report. Worst path summary. ............................................................................. 46 
Figure 18 Synthesis: timing report. Complete worst path report................................................................... 46 
Figure 19 Synthesis: area report. .................................................................................................................... 46 
Figure 20 Synthesis: constant report. ............................................................................................................. 47 
Figure 21 Synthesis: design report. ................................................................................................................ 47 
Figure 22 Synthesis: gates report summary. .................................................................................................. 47 
Figure 23 Synthesis: multiple driver report. ................................................................................................... 48 
Figure 24 Synthesis: physical only report. ...................................................................................................... 48 
Figure 25 Synthesis: power report.................................................................................................................. 48 
Figure 26 Synthesis: undriven report.............................................................................................................. 48 
Figure 27 Synthesis: unloaded report. ............................................................................................................ 49 
Figure 28 Synthesis: unloaded combinational report. .................................................................................... 49 
Figure 29 Synthesis: unresolved report. ......................................................................................................... 49 
Figure 30 Synthesis: DFT chain report summary. ........................................................................................... 49 
Figure 31 Synthesis: check DFT rules report summary. .................................................................................. 50 
Figure 32 Synthesis: DFT test clock domain report summary. ....................................................................... 50 
Figure 33 Synthesis: DFT registers report summary. ...................................................................................... 50 
Figure 34 Synthesis: DFT violations report. .................................................................................................... 51 
Figure 35 PNR: Floorplan. Power rings and stripes. ........................................................................................ 52 
Figure 36 PNR: Floorplan. Metal 1 stripes. ..................................................................................................... 52 
Figure 37 PNR: Floorplan. Metal 2 and metal 3 pins ...................................................................................... 52 
Figure 38 PNR: Floorplan. Blockages. ............................................................................................................. 53 
Figure 39 PNR: Floorplan. Complete design. .................................................................................................. 53 
Figure 40 PNR: Place. Physical view. ............................................................................................................... 54 
Figure 41 PNR: Place. Amoeba view. .............................................................................................................. 54 
Figure 42 PNR: CTS. Clock tree debugger. ...................................................................................................... 55 
Figure 43 PNR: CTS. Clock tree debugger zoom. ............................................................................................ 55 
Figure 44 PNR: Route. Congestion analysis at place stage. ............................................................................ 56 
Figure 45 PNR: Route. Congestion analysis at pre-CTS stage. ........................................................................ 56 
Figure 46 PNR: Route. Congestion analysis at post-CTS stage. ....................................................................... 56 
Figure 47 PNR: Route. Metal 1 routing. .......................................................................................................... 57 
Figure 48 PNR: Route. Metal 2 routing. .......................................................................................................... 57 
Figure 49 PNR: Route. Metal 3 routing. .......................................................................................................... 58 



   

 8 

Figure 50 PNR: Route. Final physical view. ..................................................................................................... 58 
Figure 51 PNR: Signoff. Fillers blocks for metal 1. .......................................................................................... 59 
Figure 52 PNR: Signoff. Fillers blocks for metal 2. .......................................................................................... 59 
Figure 53 PNR: Signoff. Fillers blocks for metal 3. .......................................................................................... 59 
Figure 54 PNR: Signoff. Final physical view. ................................................................................................... 60 
Figure 55 PNR: Signoff. Final schematic.......................................................................................................... 60 
Figure 56 PNR databases. ............................................................................................................................... 61 
Figure 57 Signoff databases. ........................................................................................................................... 61 
Figure 58 Signoff reports. ............................................................................................................................... 61 
Figure 59 PNR: Signoff. Hold timing. ............................................................................................................... 61 
Figure 60 PNR: Signoff. Setup timing. ............................................................................................................. 62 
Figure 61 PNR: Signoff. DRVs violations. ........................................................................................................ 62 
Figure 62 PNR: Signoff. Antenna report. ........................................................................................................ 62 
Figure 63 PNR: Signoff. DRC report. ............................................................................................................... 63 
Figure 64 PNR: Signoff. Connectivity report. .................................................................................................. 63 
Figure 65 PNR: Signoff. Place report. .............................................................................................................. 63 
Figure 66 LEC: RTL vs synthesis. Reports. ....................................................................................................... 63 
Figure 67 LEC: RTL vs synthesis/PNR. Compare data non-equivalents report. ............................................... 64 
Figure 68 LEC: Synthesis vs PNR. Compare data non-equivalents report. ...................................................... 64 
Figure 69 LEC: all checks. Compared points reported. ................................................................................... 65 
Figure 70 LEC: RTL vs synthesis/PNR. Compare results of equivalence and/or sequential merge ................. 65 
Figure 71 LEC: Synthesis vs PNR. Compare results of equivalence and/or sequential merge. ....................... 65 
Figure 72 LEC: RTL vs synthesis. Unmapped points report. ............................................................................ 65 
Figure 73 LEC: RTL vs PNR. Unmapped points report. .................................................................................... 66 
Figure 74 LEC: Synthesis vs PNR. Unmapped points report............................................................................ 66 
Figure 75 LEC: RTL vs synthesis/PNR. Summary report. ................................................................................. 66 
Figure 76 LEC: Synthesis vs PNR. Summary report. ........................................................................................ 66 
Figure 77 Power analysis.  Worst EIV limit. .................................................................................................... 67 
Figure 78 Power analysis. Worst EIV. ............................................................................................................. 67 
Figure 79 DFT: Coverage ................................................................................................................................. 68 

 

 



   

 9 

List of Tables 

Table 1 Work package 1. ................................................................................................................................. 12 
Table 2 Work package 2. ................................................................................................................................. 12 
Table 3 Work package 3. ................................................................................................................................. 13 
Table 4 Work package 4. ................................................................................................................................. 14 
Table 5 Work package 5. ................................................................................................................................. 14 
Table 6 Work package 6. ................................................................................................................................. 15 
Table 7 Work package 7. ................................................................................................................................. 15 
Table 8 Milestones. ......................................................................................................................................... 17 

 

 



   

 10 

1. Introduction 

Nowadays we are living in a high technology society, where we are surrounded by 

electronic devices. One important challenge is the optimization of the battery or the 

consumption of these devices. To make it, all electronic devices have an integrated circuit 

that controls the power supply with different techniques: use of different power domains, 

turn off the hardware that at the moment is not used, etc.  

One company that works in these IC’s is Monolithic Power Systems, founded in 1997. 

Nowadays it has branch offices in different parts of the world. A design center was 

opened in Barcelona in 2018 comprising three major teams: applications, analog design 

and digital design. The digital design team is the technical leader of the company and 

manages the resources of the different branches. It also has a physical design team to 

handle in-house designs from all over the globe. 

In this thesis, we want to work on the complete physical design of a chip, from the RTL 

given by the digital engineer to GDS. To achieve this, the physical design flow will be 

studied to know how to implement each stage. The final objective is to tape out of a real 

project that has the difficulty of a floorplan with a small area and only three metal levels to 

route. 

To avoid any copyright issue a slightly modified version of the project is shown in this 

document but the core components were kept intact. The project started with the analysis 

of the RTL of the design to know how is the project, view the constraints needed to make 

the synthesis and run it, make the constraints to run the place and route (PNR) and 

optimize it, analyze the static and dynamic power of the design, run the logical 

equivalence check (LEC) in RTL vs synthesis and synthesis vs PNR and finally run the 

DFT analysis. 

1.1. Objectives 

• Learn the complete flow of the physical design. Learn how to implement the 

correct constraints in each step of the physical design flow. 

• Tape out a real project using a commercial design. The project will consist in 

doing the complete physical design on a block-level of an ASIC using a 180 nm 

technology under an analogic on top flow. This means there is an analog top-level 

that instantiates a digital block. The difficulty of the design is that the floorplan has 

a small area and only three metal levels to route. 

1.2. Requirements 

• Learn Verilog language to know the hierarchy and the complexity of the design. 

• Learn the physical design flow and understand the trade-offs and complications of 

each step. These steps are: design description (RTL), synthesis, place and route 

(PNR), power analysis, logical equivalence check (LEC) and design for testability 

(DFT). LEC and DFT are optional. 

• Analysis, inputs and reports for each step of the physical design flow. 
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1.3. Specifications 

Tape out the project without problems or errors:  

• Synthesis: 

o No violations of any type in the process or waive existing violations. 

• Place and route: 

o No violations of any type in the process or waive existing violations. 

o All the pins and instances are connected and routed. 

o Low local density to allow for future ECOs. 

• Logical equivalence check: 

o RTL vs synthesis pass. 

o RTL vs PNR pass. 

o Synthesis vs PNR pass. 

• Power analysis: 

o IR drop inside the library’s characterization voltages. 

• Design for testability: 

o High ATPG coverage (> 98%). 

1.4. Project idea 

The project will be realized in a new design of a commercial MPS chip. The purpose is 

both to learn about the physical design flow and to implement the physical design of a 

digital block. The scripts developed will be added to the company repositories and will be 

reused in future versions of this chip and/or reutilized in other chips. 

To avoid any copyright violation the design depicted here will be a slight modification of 

the actual commercial design. 

One of the most challenging aspects of this particular design is that it requires to pack a 

lot of logical features using only three levels of metal for the routing. Usually in this 

technology node five or six metal layers are used. 

This will require a careful planning of the PNR. 

1.5. Workplan 

1.5.1. Tasks 

All stages of the physical flow are mandatory, but for this thesis, some will be shown with 

greater detail than others. 
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Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP1 

Major constituent: Design description Sheet 1 of 7 

Short description: Delivered by the digital engineer. 

Analyze the RTL to know the hierarchy and the 

complexity of the design. After understanding the design, 

the timing constraints will be review and I will work with 

the lead designer improving the constraints. Gather 

information on the technology to be used. Identify 

possible problems or complications associated with it. 

Prepare libraries and run checks to ensure their correct 

behavior. 

Planned start date: 

14/09/2020 

Planned end date: 

30/10/2020 

Start event: T1.1 

End event: T1.5 

Internal task T1.1: Analyze the RTL. 

Internal task T1.2: Review the timing constraints and 

improving it. 

Internal task T1.3:  Gather information on the 

technology. 

Internal task T1.4: Identify possible problems. 

Internal task T1.5: Prepare libraries and run checks. 

Deliverables: 

 

Dates: 

 

Table 1 Work package 1. 

Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP2 

Major constituent: Synthesis Sheet 2 of 7 

Short description: High detail. 

Processing the RTL to get a gate level netlist of a 

specific technology. Going through the usual stages: 

elaboration of the RTL, synthesis to a generic 

technology, mapping to technology gates, optimization 

and incremental optimization of the area and timing. 

Planned start date: 

28/09/2020 

Planned end date:  

04/12/2020 

Start event: T2.1 

End event: T2.2 

Internal task T2.1: Make the synthesis constraints and 

improving it. 

Internal task T2.2: Identify possible problems and fix it. 

Deliverables: 

-Synthesis 

reports and 

database. 

Dates: 

- 30/11/2020 

Table 2 Work package 2. 
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Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP3 

Major constituent: Place and route (PNR) Sheet 3 of 7 

Short description: High detail.  

Make the floorplan and create the power mesh. Take the 

database from the synthesis and place the instances in 

a floorplan. Assure that the floorplan has localized low 

utilization with in the area budget. Fix possible problems 

of timing (setup, hold, etc.). Route the design and save 

the database and netlist. 

Planned start date: 

12/10/2020 

Planned end date:   

18/12/2020 

Start event: T3.1 

End event: T3.7 

Internal task T3.1: Use MMMC (multi-mode multi-

corner) methodology for STA using the constraints for 

synthesis plus any other modes required for the PNR. 

Internal task T3.2: Floorplaning. Work closely with the 

analog layout team to create a footprint and a pinout that 

satisfies both the digital and analog requirements in 

terms of area. 

Internal task T3.3: Placement: define blockages and 

density screens to guide the tool for a better placement.  

Internal task T3.4: Create spare modules and distribute 

them accordingly. 

Internal task T3.5: Calculate and distribute the 

capacitance needed based on early rail analysis. 

Internal task T3.6: MMMC aware clock tree synthesis. 

Routing of the design. 

Internal task T3.7: Parasitic extraction for signoff STA 

and gate level simulations. 

Deliverables: 

-PNR reports 

and database. 

Dates: 

-9/12/2020 

Table 3 Work package 3.  
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Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP4 

Major constituent: Logical equivalence check (LEC) Sheet 4 of 7 

Short description: Low detail.  

Use formal methods to establish logical equivalence 

between different stages of the design. Usually, RTL vs 

synthesis and synthesis vs PNR. Create the necessary 

constraints so both designs are equivalent. 

Planned start date:  

23/11/2020 

Planned end date:  

25/12/2020 

Start event: T4.1 

End event: T4.1 

Internal task T5.1: Create logical equivalence 

constraints. 

Deliverables: Dates: 

-20/12/2020 

Table 4 Work package 4. 

Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP5 

Major constituent: Power analysis Sheet 5 of 7 

Short description: Medium detail. 

Run static and dynamic power analysis. 

Planned start date:  

14/12/2020 

Planned end date:  

8/01/2020 

Start event: T5.1 

End event: T5.3 

Internal task T5.1: Run static and dynamic power and 

rail analysis using both vectorless and vectorbased 

approaches for multiple corners. Work with the design 

team to define test cases that are representative of the 

power corner and would help us get information to share 

with the analog team for power budgeting. 

Internal task T5.2: If necessary, run decoupling 

capacitance back-annotation to deduce IR drop. 

Internal task T5.3: Produce heatmaps of capacitance, 

current density and IR drop as well as waveforms with 

effective instance voltage for every corner. 

Deliverables: 

-Finish power 

analysis 

Dates: 

-30/12/2020 

Table 5 Work package 5. 
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Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP6 

Major constituent: Design for testability (DFT) Sheet 6 of 7 

Short description: Low detail.  

Define DFT configuration for scan insertion and checks 

to ensure SCAN mode is correctly activated. ATPG will 

be used to run a DFT audit and check for possible 

coverage holes. Optionally test points will be inserted in 

the netlist to improve coverage if needed. 

 

Planned start date: 

07/12/2020 

Planned end date:  

01/01/2021 

Start event: T6.1 

End event: T6.2 

Internal task T6.1: Create DFT configuration. 

Internal task T6.2: Analyze coverage of the design and 

improve it. 

Deliverables: 

-ATPG coverage 

reports and 

untested faults 

reports. 

Dates: 

Table 6 Work package 6. 

Project: Physical implementation of an industrial design 

using a 180nm technology 

WP ref: WP7 

Major constituent: Memory writing Sheet 7 of 7 

Short description: Write the different parts of the 

project. 

Planned start date: 

14/09/2020 

Planned end date:  

29/01/2021 

Start event: T7.1 

End event: T7.7 

Internal task T7.1: Write design description. 

Internal task T7.2: Write synthesis. 

Internal task T7.3: Write place and route. 

Internal task T7.4: Write logic equivalence check 

Internal task T7.5: Write power analysis. 

Internal task T7.6: Write DFT. 

Internal task T7.7: Write rest of the parts 

Deliverables: 

-Design desc. 

-Synthesis. 

-PNR. 

-LEC. 

-Power. 

-DFT 

-Final memory 

Dates: 

-18/11/2020 

-30/11/2020 

-09/12/2020 

-20/12/2020 

-30/12/2020 

-06/01/2021 

-29/01/2021 

Table 7 Work package 7. 
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1.5.2. Milestones 

WP# Tasks Major constituent Deliveries End date Comments 

1 T1.1 

T1.2 

T1.3 

T1.4 

T1.5 

Design description  18/11/2020 Delivered by 

the digital 

engineer. 

2 T2.1 

T2.2. 

Synthesis Synthesis 

reports and 

database. 

30/11/2020 High detail. 

3 T3.1 

T3.2 

T3.3 

T3.4 

T3.5 

T3.6 

T3.7 

Place and Route 

(PNR) 

PNR reports 

and 

database. 

09/12/2020 High detail. 

4 T4.1 

 

Logical equivalence 

check (LEC) 

 

              20/12/2020 Low detail. 

5 T5.1 

T5.2 

T5.3 

Power analysis Finish 

power 

analysis. 

30/12/2020 Medium 

detail. 

6 T6.1 

T6.2 

DFT  6/01/2020 Low detail. 

7 T7.1 

T7.2 

T7.3 

T7.4 

T7.5 

T7.6 

T7.7 

 Write design 

description. 

Write 

synthesis. 

Write PNR. 

Write power 

analysis. 

Write LEC. 

29/01/2021  
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Write DFT. 

Write final 

memory. 

Table 8 Milestones. 

1.5.3. Gantt diagram 

 

Figure 1 Gantt diagram. 
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2. State of the art 

In integrated circuit design, physical design is a step in the standard design cycle that 

follows after the circuit design. At this step, circuit representations of the components 

(devices and interconnects) of the design are converted into geometric representations of 

shapes which, when manufactured in the corresponding layers of materials, will ensure 

the required functionality of the components. This geometric representation is called an 

integrated circuit layout. This step is usually split into several sub-steps, which include 

both design and verification and validation of the layout [1][2]. 

The different steps that involve the physical design are: logic design at the register-

transfer level (RTL), synthesis, design of testing (DFT), logic equivalence check (LEC), 

place and route (PNR) and power analysis. 

2.1. Register transfer level 

Register transfer level (RTL) is a design abstraction that models a synchronous digital 

circuit in terms of the flow of digital signals between hardware registers, and the logical 

operations performed on those signals. RTL abstraction is used in Verilog to create high-

level representations of a circuit, from which lower-level representations and ultimately 

actual wiring can be derived [3].  

The physical designer takes the RTL from the analogic engineer and make the synthesis 

with it. 

2.2. Synthesis 

Synthesis is a process by which an abstract specification of desired circuit behavior, RTL, 

is turned into a design implementation in terms of logic gates, typically by a computer 

program called a synthesis tool. Common examples of this process include the synthesis 

of designs specified in hardware description languages (Verilog) [4].  

2.3. Place and Route 

Place and route (PNR) is a stage in the design of integrated circuits. As implied by the 

name, it is composed of two steps, placement and routing. Placement involves deciding 

where to place all electronic components, circuitry, and logic elements in a generally 

limited amount of space.  The following step is routing, which decides the exact design of 

all the wires needed to connect the placed components. This step must implement all the 

desired connections while following the rules and limitations of the manufacturing process 

[5]. 

2.4. Logical equivalence check 

The logic equivalence check (LEC) process is a part of electronic design automation, 

commonly used during the development of digital integrated circuits, to formally prove 

that two representations of a circuit design exhibit exactly the same behavior. This 

process is implemented after synthesis and PNR [6]. 
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2.5. Power analysis 

Power analysis is a part of an electronic design that analysis the power consumption of 

the integrated circuit. Consist of two different power consumptions: dynamic power and 

static power. The dynamic power consumption is the power consumed when transistors 

switch. The static power consumption is the power consumed for example because of 

leakage current. 

2.6. Design for testability 

Design for testing or design for testability (DFT) consists of IC design techniques that add 

testability features to a hardware product design. The added features make it easier to 

develop and apply manufacturing test to the designed hardware. The purpose of the 

manufacturing test is to validate that the product hardware contains no manufacturing 

defects that could adversely affect the product’s correct functioning [7]. 
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3. Methodology / project development 

This part explains the project characteristics and the different steps that involve the 

physical flow. 

3.1. Design description 

The project is a modification of a real project company. The project is a highly integrated 

Buck-Boost Charger IC with narrow voltage DC (NVDC) power path management and 

USB PD Source Mode for 2-cell, 3-cell and 4-cell battery pack applications. All power 

FETs are integrated for compact system solution size and easy to use. 

With the I2C interface, the project can be flexibly programmed to set the charging 

parameters, such as input current limit, input voltage limit, charge current, battery full 

voltage, minimum system voltage and so on. In USB PD source mode, the output voltage 

and current are programmed. The IC can also provide the operation status through status 

and fault registers with interrupt. The interrupt can also be masked by configuring the 

corresponding register. 

The description above is the behavior of the complete chip. In this thesis, we will only 

work on the digital block, which is a part of it. 

The digital design is described in the RTL with Verilog. The RTL is delivered by the digital 

engineer and therefore the physical designer does not know the details of the entire 

design.  

The design has seven submodules in the top module. These submodules are clock 

generator, reset generator, digital controller, test manager, scan PRBS and scan 

manager.  

 

Figure 2 Design schematic. 

A summary of the functions of these modules is: 
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• Clock generator: This module generates different clocks from analogic.  

o Clock generator input: clock or clocks from analogic part and scan signals. 

•  Reset generator: Inside it, new resets are generated from the analogic reset and 

muxed these with scan mode.  

o Reset generator input: analog reset and scan signals. 

• Test manager: In this module, the analog inputs are assigned to the digital signals.  

o Test manager inputs: divider clocks from clock generator, generated resets 

from reset generator, scan signals, analogic inputs, OTP outputs and 

common protocols inputs.  

o Test manager outputs: signals to control the digital controller when we test 

the design, scan signals and the outputs signals to the digital part. 

• Digital controller: This is the main submodule of the design and is responsible to 

implement the logic and features. Inside are the modules and logic necessary for 

the operation of the design. 

o Main subblocks: 

▪ Memory map. 

▪ Status register. 

▪ Control top. 

▪ PWM module. 

▪ Clock divider. 

o Digital controller input: generated clocks from clock generator submodule, 

generated resets from reset generator submodule, analogic inputs, OTP 

outputs, protocol inputs from the analogic part, scan signals to have the 

logic controllable and observable and finally the signals from test manager 

to check the design.  

o Digital controller outputs: the output signal of scan chain, outputs functional 

signals, protocols outputs, register map outputs and the outputs to OTP. 

• Scan PRBS 1  (Pseudo-Random Binary Sequence): This module control if the 

design enters in scan mode. Inside scan PRBS instance there are the logic 

necessary to control one flip flop that give the signal to enter in scan mode. This 

signal is muxed with the signals that go to the registers that have to be scannable, 

thus, when the design entering in scan mode, the rest of the signals cannot be 

connected to these registers. 

• Scan manager: The scan mode signal that comes from the scan PRBS module is 

muxed with the parts of the design that we want to be scannable. This instance 

has flip flops of controllability and observability. 

 

1 A PRBS is a periodic, deterministic signal that consist in a series of digital ones and zeros. The 

pattern of ones and zeros is random. 
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3.2. Synthesis 

Synthesis is the process that takes the RTL from the digital engineer and translates this 

in a format that the tool can interpret to implement it physically. In this process, the 

Verilog code is interpreted to pass from code to logical gates, flip plops, nets, etc. Is 

necessary to set different inputs files and constraints and when the process is finished 

there are a new database and reports of the iteration. Synthesis is run with Genus of 

Cadence and works with a single-mode single-corner (SMSC), only worst-case files are 

used. 

 

Figure 3 Synthesis inputs and outputs files schematic [8]. 

3.2.1. Synthesis inputs 

The standard synthesis flow has five files or group of files as inputs: 

1. RTL files: The Verilog files are given by the digital engineer. This project has a top 

module and this has six submodules that are: clock generator, reset generator, digital 

controller, test manager, scan PRBS and scan manager. Inside each submodule, 

there are other submodules and/or combinational logic. 

2. Synthesis Library: These libraries are given by the CAD team and contain the timing, 

power information and Verilog description about each cell of the technology. Is 

necessary to have the libraries with the technology timings. There are three libraries 

for the different corners: worst case, typical case and best case, but for running the 

synthesis only is necessary the worst-case process library, the other libraries are 

used in the PNR stage.  

3. LEF Files: There are two types of these files, the technology LEF and the cells LEF: 

3.1. Technology LEF: Contains the layout information of metal layers and vias. The 

project has three metal layers, two horizontal and one vertical, and two vias, one 

for metal 1 and metal 2 and another for metal 2 and metal 3. These metal layers 

are used in PNR for routing and the vias are used to change the layer. The 
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downside of this project is precisely that it only has three metal layers to route the 

design, this causes a lot of congestion. 

3.2. Cells LEF: Contains the layout information of library cells. Is given by the CAD 

team because it is different for each technology. 

4. Capacitance tables: These files have the capacitance information about the different 

metal layers. It is similar to the libraries, there are three capacitance tables for each 

corner but the synthesis only needs the worst-case. These files are given by the CAD 

team.  

5. Constraints files: The constraints are necessary to setup the synthesis with the project 

timing. These constraints are:  

5.1. Clock constraints: This is set in an SDC file2 and contains the parameters to 

configure the clocks that the layout will use.  

5.2. I/Os timing constraints:  For the correct operation of the design, it is necessary to 

add some timing constraints that adjust the different paths as appropriate. These 

constraints are applied to the input ports and outputs ports, but only in those that 

are necessary. The rest of the ports will be treated as a false path3. 

5.3. DFT timing constraints: Specific time constraints are added when testing the 

design in DFT. 

5.4. DFT setup commands: The scan chain is created with the design registers. It is 

necessary to define the test mode, the test clock and the shift enable signal to 

finally build it with these parameters. 

3.2.2. Synthesis outputs 

Genus creates databases and reports after running the synthesis: 

1. SDC Constraint file: All the constraints files merged in one and translated to Innovus 

commands for PNR. 

2. Gate-Level Netlist: This file is the synthesis Verilog netlist. 

3. Scan DEF file: This file gives information about the scan chain connections. It is used 

to pass the scan chain information from the synthesis to the PNR so that the order of 

the chain can be varied during the PNR without losing the essential information. 

4. Genus database: Store the synthesis database. 

5. Genus mandatory reports. There are three reports categories: 

• Quality of results: Has the most important information about the timing and 

physical results after synthesis to know the quality of the design. 

• Summary: This is the summary of the synthesis. In this report, there is the path 

with the worst slack, the total area of the design and the design rule check. The 

report is a summary of the information that there are in the previous reports. 

 
2 Synopsys design constraints file. Contains design constraints and timing assignments. 

3 False path refers to a timing path that is not required to be optimized for timing as it will never be 

required to get captured in a limited time when excited in the normal working situation of the chip. 
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5.1. Timing reports:  

5.1.1. Timing: There is the ten worst paths of the design with information about 

the start point, endpoint, the used clock, etc. 

5.2. Physical reports:  

5.2.1. Area: Has the information about the area occupied by each module of the 

design and helps the physical engineer to know if the floorplan of the PNR is 

large enough to fit the design. 

5.2.2. Combinational loops: Reports if there are loops in the design. For PNR the 

synthesis must not have any loop. 

5.2.3. Constant: Reports if there are any constant combinational, sequential and 

hierarchical pins or any constantly connected ports in the design. For the 

correct function of the design, the synthesis must not report any constant. 

5.2.4. Design: Check if the design has three types of violations: max transition, 

max capacitance and max fanout. The final synthesis must not have any of 

these three violations. 

5.2.5. Gates: There is a list for each gate that the technology has and the number 

of times they have been instantiated. 

5.2.6. Multiple driver: Check if any pin, port or net are multidrive. For the correct 

functioning of the design, there should not be any pin, port or net that are 

multidrive. 

5.2.7. Physical only: Check if any instance is physical only. For the correct 

functioning of the design, there should not be any instance that is physical 

only. 

5.2.8. Power post-synthesis: Has the power information of each instance of the 

design. There is information about leakage power, dynamic power and the 

total power after synthesis. 

5.2.9. Undriven: Check if any pin or port is no undriven. For the correct 

functioning of the design, there should not be any pin or port that is undriven. 

5.2.10. Unloaded: Check if any element or port is no unloaded. For the correct 

functioning of the design, there should not be any element or port that are 

unloaded. 

5.2.11. Unloaded combinational: Check if any element is no unloaded 

combinational. For the correct functioning of the design, there should not be 

any element that is unloaded combinational. 

5.2.12. Unresolved: Check if any reference in the design is no unresolved and if 

any module is empty. For the correct functioning of the design there should 

not be any unresolved references and an empty module. 

5.3. DFT reports:  

5.3.1. DFT chains: Report each scan chain that was defined in the design. This 

design only is set one scan chain. 
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5.3.2. DFT post check: This report has the information about DFT violations and 

the percentage of total registers that are scannable. A good synthesis needs 

that it has not DFT violations and the coverage of the scan chain has to be at 

least 98%. 

5.3.3. DFT registers: In this list each register in one of these categories: registers 

that pass the DFT rules, register that fails DFT rules, registers that are 

marked preserved or don’t scan, registers that are marked abstract segment 

don’t scan, the total registers that are lockup elements, the registers that are 

level-sensitive and the total registers that are misc. non-scannable. With 

more registers pass DFT rules bigger is the coverage. The only category that 

the design can have registers is don’t scan, because it is marked in the 

inputs of synthesis. If the other categories have some registers, the physical 

engineer need to check with the digital engineer to fix it. 

5.3.4. DFT violations: Reports all the violations of the design.  Is necessary that 

the design has not violations.  

3.2.3. Synthesis flow 

The flow consists in different stages: 

 

Figure 4 Synthesis flow schematic [8]. 
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1. Set-up configuration: Everything is configured on the setup.tcl and has the following 

parameters: 

1.1. The standard directories for input and output files. 

1.2. The technology information needed in the synthesis: the worst-case capacitance 

table, the LEF files and the libraries. 

1.3. The clock gating configuration. 

1.4. The errors and warning messages severity. 

1.5. The netlist name parameters. 

1.6. The optimization configuration. 

2. Source avoid.tcl file: A list of cells to avoid using from the library, in our case, has the 

latches. 

3. Source Pre-Elaboration Commands: Set-up specific elaboration messages as errors. 

4. Read RTL: Are reading from a flist4, that contains a list of all the Verilog files using in 

the project. 

5. Elaborate the design. 

6. Source post elaboration commands: preserve the flip-flops instances from the cell 

library. 

7. Source timing constraints: IO, DFT and I2C. 

8. Check design for unresolved, undriven and multidrive instances. 

9. Set-up clock gating attributes: Max and min parameters and source ICG exclude fil. 

10. DFT set-up and source dft.tcl. 

11. Check DFT rules. 

12. Synthesize to generic. 

13. Replace constant assignment with tie high and tie low buffers5. 

14. Synthesize to mapped: no incremental. 

15. Configure integrated clock gating6 (ICG) shift enable signals to the corresponding 

internal scan shift enable signal. 

16. Synthesize to mapped: incremental optimization. 

17. Remove all the existing assignments and replace them with buffers connections. 

18. Connect the scan chain. 

19. Synthesized to mapped: incremental optimization. 

 
4 A file that contains a list of all the paths of the modules and sub-modules that are used in the 

design. 

5 Cells that are used to connect the unused inputs of logic gates or registers to high or low. 

6 Cells without clock signal used in synchronous circuits for reducing dynamic power dissipation 

with the cost of adding more logic in the design. 
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20. Write the reports and database. 

3.2.4. Custom development 

Once the project is accepted and the first version of the RTL is delivered, the synthesis 

configuration can be started. 

First, the technology is configured, in this case, it is the company’s own technology. 

Technology files for the single-mode single-corner for synthesis in addition to files for the 

multi-mode multi-corner for PNR are added. 

In the synthesis, it is important to use the mode that uses the maximum clock frequency 

of the design and the worst corner. Synthesizing with the fastest frequency ensures the 

reg-to-reg paths of the sequential design are stressed at the worst possible scenario. The 

design will continue operating for any frequency lower than that. The worst corner 

ensures that the design can operate in the worst temperature and voltage conditions.  

Gathering the worst corner and the highest frequency ensures that the design can always 

operate in any condition. For this project, the mission mode is used. 

Next, the clock constraints are configured in SDC file. The project has two clocks, one 

main clock (clk) and a secondary one for I2C (SCK). The input signal for each clock 

comes from outside the digital design through ports with the same name. These two 

clocks are set with the same values: the period is 200 ns (f = 5 MHz), the clock transition7 

is set between 0.5 ns (min) and 5 ns (max) and the clock uncertainty8 is set for setup 1ns 

and for hold 0.5 ns. For each clock in the design, the clock gating check9 is set at 0.5 ns 

for setup and hold times. 

No input delay10 nor output delay11 has been added for this design. All paths that do not 

have a delay are constrained as a false path since they are connected to the analog part, 

which has no sequential elements and does not need to follow sequential timing checks 

to operate. 

A maximum load of 0.5 pF is configured for all outputs, except for a few that are 

configured at 1 pF as a requirement of the analog engineer. 

 
7 The clock transition defines the maximum and minimum time of rising and falling of the ideal 

clocks of the design. It is especially useful when the clock tree is still incomplete since it is 

configured with the most pessimistic values calculated. 

8 In synthesis, it must be ensured that the time is clean when the clock is ideal, but uncertainty is 

used in order to closer the real case. In real clocks, the setup time has more uncertainty than the 

hold time, so in the constraints, this form is maintained. 

9 The clock gating check command provides the ability to check setup or hold margins for control 

inputs of clock gating cells. With setting setup and hold time together, the two checks ensure that 

the clock gating signal stabilizes for the entire period of time when the gated clock input has a 

noncontrolling value. These two checks avoid that the gating signal generates spurious clock 

pulses if the signal change when the clock input is noncontrolling. 

10 Defines the arrival time relative to a clock edge on input ports or internal pins. This input path 

delay models the delay from an external register to an input port of the module. If the input delay is 

not specified on an input port, it is assumed to be 0 [10]. 

11 Specifies the data required time on output ports, hierarchical ports, or internal output pins [11]. 
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The maximum fanout is set to 16 and the maximum transition to 5 ns. The maximum 

capacitance is set by the technology libraries. 

Finally, the DFT is configured. The scan PRBS and the clock generator modules are 

excluded from the scan chain because these blocks must not modify their behavior during 

scan mode. The scan mode signal is configured as active high and through the output 

flop of the scan PRBS module. The scan clock is defined with the signal that comes from 

outside the digital design through the port with the same name. The shift enable is 

configured as active-high, not ideal and with the signal coming from outside the digital 

design through the scan_se port. Finally, a single scan chain is configured with scan input 

as an input port, scan output as output port and with the transition of the scan vectors on 

the rising edge of the scan clock. 

A synthesis was run every time there was a new version of RTL. Some of these versions 

were design enhancements and other versions were optimizations of the number of 

instances to fit the design on the floorplan. 

3.2.5. Synthesis issues and solutions 

a) Registers fail DFT rules 

In the first synthesis iterations, it was observed that more than half of the design registers 

did not pass the DFT check: 

 

Figure 5 Synthesis problems and solutions. Registers that fail DFT rules. 

As this design did not follow a standard architecture, it was discovered that most of these 

registers that failed the DFT rules were because the signals going to the registers were 

not muxed with the scan mode signal. 

All input signals in the design must be muxed with scan mode to avoid mixing the analog 

and digital signals during the scan. 

This issue was fixed by muxing the signals going to these registers with the scan mode 

signal. 

 

Figure 6 Synthesis problems and solutions. Registers that fail DFT rules are fixed. 

b) Wrong clock for scan mode 

After running a synthesis, the tool reported that some registers are using falling edge of 

scan clock and not raising edge.   

With the configuration that is used in the project, the registers of the same scan chain 

must have the clock activation on the same edge, in this case, on the rising edge, so that 
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when the scan is executed and the scan vectors are being passed, the entire chain 

transitions synchronously. Another possible setting that can be used is with both edges of 

the clock. This configuration requires that the registers be ordered first with those that use 

the falling edge and then with those that use the rising edge, otherwise it is necessary to 

use lockup latches. For simplicity, a single edge is used in the scan chain and therefore 

we force all flops to have the same clock edge. 
After analyzing the RTL, it was been observed that these registers were created using the 

falling edge of the scan clock. 

The issue was notified to the digital engineer and they provided a new RTL with the 

correct scan clock edge for these registers. 

An example of how they were defined at the beginning and how they are once fixed: 

Wrong: 

 
 
 

 

 

 

 

Correct: 

 

 

 

 

 

 

c) Spare cells12 being added in the RTL 

The tool reported an error in the elaborate step of the synthesis. This error corresponds 

to an unresolved reference for a spare cell instance. 

The company’s physical design flow rule is adding the spare cells in the PNR during pre-

place to have better control over the number and placement and to make independent of 

the synthesis and the technology. Also, to make the RTL completely independent of the 

technology and allow for better reuse (no need to update code from project to project) 

and easy changes in the tech. Just changing the tech links and trying a different 

technology without touching the RTL. 

The issue was notified to the digital engineer and they provided a new RTL without spare 

cells instance. 

 
 

12 Spare cells are elements embedded in the design which are not driving anything. They are used 

to perform some functional ECO, for example, to fix a bug after taping out the design. 

wire dft_clk_1 = scan_mode ? scan_clock : clk_1; 
 
always @(negedge dft_clk_1, negedge reset_1) begin 
 
… 
 
end 

 

wire dft_clk_1 = scan_mode ? scan_clock : ~clk_1; 
 
always @(posedge dft_clk_1, negedge reset_1) begin 
 
… 
 
end 

 



   

 30 

d) Divided clocks are not defined in the SDC file 

In the SDC file, the constraints for the generated clocks were not added. Generated 

clocks are divider or multiplier clocks that get generated from a master clock. These 

clocks are defined at the output of a clock divider like a register or a mux. When a 

generated clock is defined, its source clock, the generation point, division ratio and 

uncertainty value should be provided. Whenever the source clock change, the derived 

clock changes automatically. 

Initially, there were some defined, but they were referencing a pin that did not correspond 

at the output of the clock divider register. 

As these constraints were wrong, they were removed from the file, but the digital 

engineer did not provide a new list with the correct constraints for the generated clocks. 

The problem is that the paths that use a generated clock as a clock, the timings will not 

be analyzed and possible timing violations will not be reported. 

For future iterations, the list of clocks generated to solve this problem has been requested. 

3.3. Place and Route 

This step takes the database from synthesis (after checking LEC between RTL and 

synthesis) and creates a floorplan where RTL instances and other physical parts are 

placed. To complete the PNR it is needed that the final database does not have physical 

violations (shorts, antenna violations13, etc) and timing violations (hold, setup and DRVs). 

In PNR is used multi-mode multi-corner (MMMC) is used and it is necessary to add the 

technology files to use it. Each mode and corner are used in different cases: 

• Worst case: Used for setup timing (V = 2.25V, T = 150ºC). 

• Best case: Used for hold timing (V = 4.4V, T = -40ºC). 

• Typical case: Normal operation of the design (V = 3.3V, T = 25ºC). 

Using the Manhattan routing technique, metal 1 and metal 3 are set for routing in 

horizontal and metal 2 for routing in vertical. 

During the PNR, the scan chain is physically connected to the registers with the 

characteristics that have been established in the synthesis. The final order of the scan 

chain is established in the PNR as the scan chain reordering is enabled to optimize 

connections based on placement and thus reduce congestion. 

3.3.1. PNR inputs 

As in the previous stages, for run PNR some inputs files are needed: 

1.1. SDC constraints files. In these files there are the different modes that are used to 

analyze the design: 

1.2. Mission: It is the synthesis SDC file and corresponds to the normal mode of 

operation of the design. In this mode, the scan is set in off. How the synthesis 

 
13  The antenna effect is an effect that can cause yield and reliability problems during the 

manufacture of an MOS transistor. This effect occurs when a long path of one metal is connected 

to the gate of the transistor and it can breakdown the gate during manufacturing. 
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used SMSC, the library information is removed in the SDC file to use MMMC in 

PNR. 

1.3. Scan_se1: Contains the timing constraints for scan mode when the shift enable 

signal is set to one. 

1.3.1. Scan mode is forced to ‘1’. 

1.3.2. Scan SE is forced to ‘1’. 

1.4. Scan_se0: Contains the timing constraints for scan mode when the shift enable 

signal is set to zero. 

1.4.1. Scan mode is forced to ‘1’. 

1.4.2. Scan SE is forced to ‘0’. 

1.5. PRBS: Contains the timing constraints for PRBS mode.  

2. Gate-level netlist: Verilog netlist from synthesis. 

3. DEF Files:  

3.1. Floorplan DEF: Provided by analogic layout engineer. Contain information about 

the shape of the design, the pin position in the floorplan and the description of the 

metal of these pins. To improve routing, horizontal pins (right and left sides of the 

design) have metal 3 and vertical pins (top and bottom sides of the design) have 

metal 2. 

3.2. SCAN DEF: Contain the SCAN chain connections from synthesis. 

4. Process files: To use MMMC is necessary to add the same technology files as 

synthesis but for worst, typical and best corners: 

4.1. Capacitance table: Worst, typical and best RC capacitance table. 

4.2. LIB files: Worst, typical and best timing libraries files. 

4.3. Technology LEF. 

4.4. QRC Files: Contain information for RC estimation. 

3.3.2. PNR outputs 

Innovus returns the following files after run each stage of PNR. The delivered files are the 

database and reports of the last stage (signoff): 

1. Digital layout DEF file: Layout file to be imported by the analog layout engineer as 

the layout view to check DRC, antenna process, LVS, etc. 

2. Digital Netlist File: Final PNR gate-level netlist with end capacitors, antenna cells, 

decoupling capacitors, fillers14, metal fillers15, etc. 

a. This netlist is used for gate-level verification, LEC, power analysis, DFT, 

etc. 

 
14 Standard cells with Nwell/Pwell contacts inside. 

15 Squares of metals to keep a uniform metal density to avoid dishing effect during chemical 

mechanical polishing. 
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b. To be imported by the analogic engineer as the schematic view. 

3. Digital netlist file with no antenna cells: It is a filtered final gate-level netlist to be 

imported by the analogic engineer as the schematic view to run LVS check. 

4. Digital netlist file with no antenna cells, capacitors and metal fillers: It is a filtered 

final gate-level netlist to be imported by the analogic engineer as the schematic 

view to run AMS sims. 

5. SDF file: Has a standard delay format and contains the final PNR timing 

information for delay annotation and timing checks during gate-level and AMS 

simulations. 

6. SPEF file: It has a standard parasitic exchange format and contains RC 

information for power analysis using Voltus. Also used for timing checks using PT 

or other tools that require parasitic. 

7. Innovus database for sign-off stage and intermediate steps. This is critical and 

important for any type of ECO. 

8. Signoff reports and metrics: 

a. Final area and gate count. 

b. Utilization rate after routing. 

c. Multi-cut and single-cut vias report. 

d. DRC, connectivity and process antenna checks and reports. 

e. Metal density reports. 

f. Full-timing report for each MMMC view: setup, hold and DRVs. 

g. Decoupling capacitors report. 

h. CTS report. 

3.3.3. PNR flow 

The PNR flow has five stages: 

 

Figure 7 PNR flow schematic [9]. 
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1. Design initialization. The first step to configure parameters and setup the PNR. 

1.1. Tech files configuration. 

1.2. Configure the inputs and outputs paths. 

1.3. MMMC setup and definitions. 

1.4. Floorplan creation. 

1.5. Design configuration. 

1.6. PNR parameters and configurations. 

2. Pre-placement and placement. Place the instances defined in the RTL in the floorplan. 

2.1. Spare-cells placement.  

2.2. Pre-place set-up. 

2.3. Placement. 

3. CTS. Create Clock tree synthesis and fix timing violations. 

3.1. CTS configuration. 

3.2. CTS Creation. 

3.3. Post-CTS optimization for hold and setup.  

3.4. CTS report. Check if there are hold and setup violations. Is needed some 

iteration of post-CTS optimization to fix hold and setup timing violations. 

4. Routing. Route the design, connect all the instance and modules and fix timing 

violations or DRCs violations. 

4.1. Global routing: Quick routing to connect each instances and modules. Has a lot 

of DRCs violations. 

4.2. Detail routing: Re-route the paths that have DRCs violations. There are still many 

DRCs violations. 

4.3. Iterations and optimizations: Re-route the paths that have DRCs violations until 

fix all violations. 

4.4. Post-route optimizations for hold, setup and DRVs violations: Fix timing violations 

and DRVs violations. 

4.5. Antenna fixing: Fix all the antenna violations. 

4.6. Multi-cut vias: Change single-cut vias to multi-cut vias to quality improvement 

because improves manufacturing quality. 

5. Signoff. Last step of PNR: complete the floorplan with capacitors and fillers and write 

the output files and reports. 

5.1. Add decoupling capacitors. 

5.2. Add fillers. 

5.3. Add metal fillers. Only added in the part of the floorplan without blockages. 

5.4. Timing analysis: Check that timing has no violations. 

5.5. Write output files. 
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5.6. Write reports.  

3.3.4. Custom development 

Initially, some aspects of the design are configured. First of all, the maximum density is 

set to 90 % until before the signoff. Due to the small area of the design, only 5 spare cells 

are configured. The target of capacitance in the design is to have 20 pF in pre-CTS, 30 

pF in post-CTS and in signoff until the remaining available area is filled. 

The next step is to configure the different operating mode of the design: 

Mission mode takes the output SDC from the synthesis. 

In scan_se1 mode, the scan mode is activated with the scan mode signal and the shift 

enable signal at 1. In this mode, the clock should operate to the maximum frequency that 

the testers of the company can support. Then the scan clock is set with a period of 50 ns 

(frequency of the scam) with a minimum clock transition of 0.5 ns and a maximum of 5 ns. 

The uncertainty of the scan clock is 1 ns for setup and 0.5 ns for hold and the clock 

gating check is 0.5 ns for setup and hold. An input delay of the scan clock is added to the 

scan input and an output delay to the scan output minimum of 5 ns and a maximum of 10 

ns. All paths are configured as false paths that do not go from scan input to scan output. 

The scan output is configured with a load of 0.5 pF and the rest of the ports at 0.01 pF, 

except for the same ports that were set to 1 pF in the mission view. The maximum fanout 

and maximum transition are the same that the mission view. 

Scan_se0 view has the same configuration of scan_se1 but the shift enable signal is set 

at 0 and the scan clock is set to the same period of the mission view, 200 ns. 

The PRBS is defined in such a way that the i2c data port, the SDA, is defined as a clock 

and the clock port, the SCL, as data. It was designed like this to reduce the probability of 

the used accidentally entering the sequence to enable the scan mode. When using the 

ports in the usual way the probability is low, but swapping them reduces it even further. 

The SDA clock is configured with a period of 50 ns and the same settings for the clock 

transition, clock uncertainty and clock gating check as the precious views. An input delay 

of the SDA clock is added on the SCL port, with a minimum of 5 ns and a maximum of 10 

ns. A load of 0.01 pF is added to all the output ports except for the ones that are already 

set to 1 pF in the other modes, as requested by the digital engineer. The maximum fanout 

and the maximum transition is the same as in the other views. 

Once the initial configuration is finished, the PNR iteration begins. 

A very important part of the PNR is the design of the floorplan, as it will help us to route 

better and to have a better power distribution. The first step is importing the DEF file from 

the analogic layout engineer. This DEF file has information about the size and shape of 

the floorplan, the location of the pins and the pin metals, using the Manhattan routing 

technique (metal 2 for vertical routing and metal 3 for horizontal routing). 

Once imported, the end caps16 are added. 

 
16 These cells do not have cell connectivity as they are only connected to power and ground rails, 

thus ensuring that gaps do not occur between the well and implant layer and preventing the DRC 

violations by satisfying well tie-off requirements for core rows. The end cap cells are placed at the 

ends of the side rows. 
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Next, the power rings were created. For this design, two VDD – VSS pairs of power rings 

were created, with a width of 5 µm each wire and a spacing of 5.9 µm on the top and 

bottom and 7.9 µm on the right and left side. To determine the optimal width of the power 

rings, the analog engineer run a study of the current in the silicon of a previous design 

with similar characteristics. 

To distribute the power, vertical and horizontal stripes have been created. The first 

vertical stripe starts at 462.4 µm from the left side and the next stripes are added every 

462.4 µm as well. Between the VDD and VSS stripes, they have a separation of 33.18 

µm, all of these wires have a width of 5 µm and are made of metal 2. On the other hand, 

the first horizontal stripe starts at 280 µm from the bottom side and the next ones are 

added every 280 µm. The VDD and VSS wires are 11.8 µm apart, 5 µm wide and made 

of metal 3. 

Finally, to connect the power to all instances, horizontal metal 1 wires are added in each 

row. 

Once the power has been distributed, the floorplan is designed to better distribute the 

instances and, in this way, reduce congestion and improve routing. This is a very 

important part since the design has a small area and only three metal layers, which 

makes routing very difficult. 

To solve this, soft place blockages have been added with a density of 55 % in the areas 

with more instances and therefore more congestion. In addition, hard blockages for metal 

1 have been added every 4 rows, thus enabling channels with which only metal 1 can be 

routed. 

The place, CTS and route stages have been made with the standard script of the 

company that follows the flow described in the previous section.  

There are only two variations: the first is that in the pre-CTS stage it has been configured 

so that buffers with high drive in the output ports are not optimized, and the second is that 

for the post route time optimization stage, some buffers have been manually added to fix 

some DRV violations that the tool could not fix alone. This problem will be better 

explained in the next section. 

For the final signoff stage, the company’s script is used that follows the flow described in 

the previous section. The only variation that has been made is to add some metal 1, 

metal 2 and metal 3 blocks from each side of the floorplan towards 40 µm inwards before 

adding the metal fillers. Once set, these blocks are removed from the design. This 

modification has been made to meet a requirement of the layout engineer. 

3.3.5. PNR issues and solutions 

a) Problems in routing. 

This is the main problem and challenge of the project; the design does not have enough 

area to route it with only three metal layers.  

Having only three metal layers causes the design to have more congestion, more 

antenna violations, because it is not possible to jump to higher layers, and if the metal top 

is thick the routing density worsens. Besides, as metal 2 is used as power routing, the 

area available for placement is greatly reduced. Also, it is not easy to connect the 

standard cells as there are not many upper layers of metal and this causes local 

congestion. 
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Throughout the project, solutions have been sought until it is achieved with the current 

design described above. 

From the physical design perspective, different floorplan strategies were tested for the 

distribution of the instances. It was decided to add 55% density screens throughout the 

design except for those areas that did not show congestion. Density screens allow you to 

reduce the density of instances that are placed inside, thereby reducing the number of 

wires that have to be created to connect the instances and therefore reducing congestion. 

The congestion analyzes the number of physical elements in a specific area, and the 

more congestion there is in an area, the more DRC violations there will be and therefore 

the more difficult it is to fix. Initially, density screens with a density of 70 % were added in 

high congestion areas. Then the density was lowered to 55%. As it was still not enough, 

density screens were put across much of the floorplan to disperse all instances well. With 

the density screens, the floorplan could no longer be modified since decreasing the 

density or increasing the number of screens did not allow all instances to be placed within 

the floorplan. 

Since routing was still difficult, it was decided to also add a metal 1 routing channel every 

four rows. These channels are created by preventing any instance placement in a row, If 

a row has no standard cells placed then the metal 1 is completely available for routing. 

Thus, a great number of horizontal routing resources are created just by placing the 

standard cells in a different location. 

With the density screens and the metal 1 routing channels, the floorplan was greatly 

improved to be able to route the design more easily. 

Apart from the work done on the floorplan on the physical design side, modifications have 

also been requested from the digital engineer and the layout engineer. 

With the digital engineer we have worked to have an RTL as optimized as possible, 

meeting the design requirements but with the minimum number of instances it uses. 

The layout engineer was asked to increase the digital area for practically the entire 

project time, but in the new DEF files the increase of area was too small. They were also 

tested with different shapes and orientations of the design to see which ones helped the 

routing the most. Using three metal layers meant that there were two metals to route 

horizontally and one for vertical, so shapes that were wider than tall were better. 

b) Constant outputs ports are connected to VDD/VSS instead of tieoffs. 

Remove assign buffers had a don't touch constraint, that was preventing the tool from 

connecting the tieoffs. 

Removing the don’t touch constraints in the early stage of PNR avoided these 

connections to VDD/VSS. 

c) Metal 3 stripes and rings too thin. 

Layout engineer reported that the initial width of the stripes and rings in metal 3 was too 

thin. 

Initial width of metal 3 was less than 4 µm, but the metal 3 bus that is used in the other 

parts of the design has 4,8 µm, and this situation generated DRCs violations. 

It was agreed that the new width of metal 3 for stripes and rings had to be 5 µm for the 

future iterations and this fixed these violations. 
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d) Fix manually DRVs violations 

As mentioned in the previous section, in the pre-CTS stage it has been configured so that 

buffers with high drive are not optimized and post route stage some buffers have been 

added manually to fix DRV violations. 

These violations are caused by the 1 pF load that has been configured for some output 

ports as a requirement of the digital engineer. These higher loaded output ports need to 

be driven by large buffers. 

The problem appears in the optimization of the timing in post-route, since it changes the 

large buffers for small buffers, causing these DRV violations. 

With the measures described above, it was possible to fix these violations. 

e) Remove metal fillers 40 µm from each side of the floorplan. 

This constraint is not defined in the initial plan.  

To ensemble digital design to the rest of the design, the layout engineer needed that on 

each side inside there are 40 µm without metal fillers. 

To fix this route blockages are added to the floorplan before add metal fillers and after 

these blockages are removed. 

f) No multi-cut vias. 

After PNR iteration the design has not multi-cut vias, only has single-cut vias: 

 

Figure 8 PNR issue multi-cut vias report. 

Via is a connection between two metals and needs one connection point each via. When 

multi-cut vias are connected, more than one via is used for the same connection point, 

either in array or matrix form. Apart from this, it has other advantages over single cut vias, 

such as, for example, it reduces mean time between failure (MTBF), increases 

electromigration limits, and reduces resistance in the path delay thus making the timing 

faster. This reduction in resistance is very important for deep submicron nodes. 

                                    

     Figure 9 Single-cut via.                                       Figure 10 Multi-cut via. 

This problem occurs because multi-cut vias were not defined in the technology LEF file. 

CAD team a provided new LEF file where multi-cut vias were defined. After this change, 

multi-cut vias are used in the new iteration of PNR: 
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Figure 11 PNR issue multi-cut vias fixed report. 

3.4. Logical equivalence check 

LEC is the process in the physical flow that: 

1. Verifies the RTL vs gate-level netlist (Synthesis and PNR). 

2. Verifies synthesis gate-level netlist vs PNR gate-level netlist. 

These verifications can be run in a flattening or hierarchical model. For the complexity of 

this project, we choose to flatten mode. 

In the project, there are LEC reports for RTL vs synthesis, RTL vs PNR and synthesis vs 

PNR. 

3.4.1. LEC inputs 

The inputs files needed to run the LEC are: 

1. A golden design: an RTL netlist or a gate-level netlist (Synthesis). 

2. A revised design: gate-level netlist (Synthesis or PNR). 

3. Standard library and Verilog model. 

4. LEC equivalent constraint file for DFFs that were merged and removed. 

5. LEC constraints to place the device into mission mode. 

5.1. Scan Mode connections are not verified. 

5.1.1. Scan chain info is not present on RTL. 

5.1.2. Scan chain connections can vary from Synthesis to PNR. 

5.1.3. Scan chain functionality is tested through the DFT flow. 

3.4.2. LEC outputs 

The output files that the tool creates are: 

1. Black box report. Check if any instances are defined in golden design and not in the 

revised design and set this instance how a black box.  

2. Compared data non-equivalent report. Check if some data of the revised design are 

not equivalent to the data of the golden design. 

3. Compared data report. List the data of golden design and revised design that are 

equivalents. Also reported data that merge. 

4. Unmapped data report. List of each unmapped points. There are three categories of 

unmapped points: 
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• Points that are present in golden or revised design only. 

• Non-observable points, such as a primary output. 

• Points that are reachable but do not have a corresponding point in the logic fan_in 

cone of the corresponding design. 

5. Summary report. Summary of the previous report. If the synthesis match with the RTL, 

this report only has compared points. 

3.4.3. LEC flow 

 

Figure 12 LEC flow schematic [12]. 

1. Setup configuration. Add the input files and constraints. 

1.1. Define the golden design. 

1.2. Define the revised design. 

1.3. Add the standard libraries and Verilog models. 

2. LEC mode. 

2.1. Specify the parameters to compare the designs. 

2.2. Compare the designs. 

2.3. Check if the designs are equivalents. 

2.4. Write outputs. 

3.4.4. Custom development 

To run LEC, it is necessary to configure the golden design and the revised the turn off all 

the logic associated to testing. This design only has scan mode for testing. 
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For RTL, configure the scan enable signal and the scan mode signal from scan PRBS 

module output to 0. 

For synthesis and PNR, the scan enable port and the output pin of the register that gives 

the scan mode signal in the scan PRBS module are also set to 0. 

In the RTL the signal is pointed and, in the synthesis and PNR, it is pointed to the output 

pin of the register for two reasons. The first is that it is pointed to the output of the register 

the restriction is more restrictive and controllable since it acts at the root of the 

signal. Secondly, in the RTL these records do not exist yet and therefore cannot point to 

their output pin. 

3.4.5. Problems and solutions 

There was only one error found during the first iteration of the synthesis.  

During synthesis, the tool bit-blasted a bus. This means that instead of writing the Verilog 

netlist using the syntax for a bus, the tool wrote it using several independent wires. The 

problem is that the LEC cannot compare a signal that in the golden design is defined as a 

bus and in the revised design as independent wires, and vice versa, and reports it as 

non-equivalent points. To avoid this problem bit-blasting must be disabled or reversed. 

Since the synthesis was already done the second option was selected. 
To fix this problem, only a small python script was made that looked at the syntax of the 

synthesis netlist and changed that the tool did not interpret as a single port bus. 

3.5. Power analysis 

In this design, only vectorless power has been analyzed. The vectorless approach uses 

timing arrival window information from a static timing analysis tool to determine 

when instances switch. A timing arrival window describes when a signal can 

change within a clock cycle. An additional algorithm then determines the instances 

that switch. This method is called the vectorless, timing-windows-based, or 

pseudo-dynamic approach [13]. 

3.5.1. Power analysis input 

The required input files for dynamic power analysis vector less flow are:  

• Design data. Netlist of signoff. 

• Timing/Power libraries (.lib). 

• SDC or TWF file. 

• SPEF. 

3.5.2. Power analysis output 

The power output directory will contain the following information: 

• Binary database. 

• Power report. 

• Static current file. 

• Dynamic current file. 
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3.5.3. Power analysis flow 

 

Figure 13 Power analysis flow schematic. 

1. Load the design database. 

2. Specify the SPEF file for signal net parasitic information. 

3. Define the power analysis mode. 

4. Define the power of an instance or cell. For dynamic analysis, you can assign a 

piece-wise linear waveform to an instance. 

5. Define the simulation period and resolution. 

6. Run power analysis. 

7. Write the reports, databases and static/dynamic files. 

3.5.4. Custom development 

Before running the power analysis, it is necessary to configure the design parameters.  

As previously said, the analysis that has been done is vectorless. For this analysis, the 

analysis the timing window is set at 400 ns (two periods of the main clock), the resolution 

at 100 ps, VDD at 3 V (typical voltage of the design) and VSS at 0. As we want to see the 

worst power consumption possible, the power analysis is configured in the view of 

scan_se1, which is when all the flops are running at the same clock period. 

To complete the analysis, the layout engineer was asked the points where the power of 

digital design was connected with that of global design. Four connections points were 

provided for VDD and four more for VSS distributed on each side of the floorplan. 

3.6. DFT 

After synthesis and PNR, the DFT ATPG is run to obtain the vectors to test the design 

and the reports of the tested and untested fault points. If the PNR is done right, the DFT 
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result will be very similar to the synthesis DFT check. DFT uses two licenses: the license 

that uses the stage where you want to run LEC (Genus for synthesis or Innovus for PNR) 

and the DFT license, Modus. 

3.6.1. DFT input 

DFT inputs are: 

1. Technology libraries. The same libraries are used in synthesis or PNR. 

2. Design source. Synthesis or PNR netlist. 

3. User mode initial sequence. Script with the configuration of the DFT parameters. 

3.6.2. DFT output 

DFT outputs are: 

1. Coverage logs. Report the total coverage of the design. 

2. Fault reports. Report the tested and untested fault points. 

3. Vector files (.v, .STIL, .WGL). Generate vectors for simulations. 

3.6.3. DFT flow 

 

Figure 14 DFT flow schematic. 

1. Create build_model from technology libraries and design source. 

2. Create build_test_mode.  

3. Verify_test_structures. 

4. Build_fault_model. Modus give coverage logs and fault reports. 

5. Create_logic_test. 

6. Write_vector. Modus give vector files (.v, .STIL, .WGL). 
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3.6.4. Custom development 

The DFT needs to configure the user mode’s initial sequence of each project, that is, the 

test function of the scan pins and the order. 

It has been configured as follows: 

- Scan clock as -ES: shift and scan clock. With this clock test function, its value is 

the starting and ending state of the clock pulse. The scan enable will select the 

scan the scan function of this clock. 

- Scan enable as +SE: scan enable for test mode set to 1 throughout test 

application. 

- Scan input as SI0: scan input. If there were more scan chains there would be SI1, 

SI2... 

- Scan output as SO0: scan output. The same thing that happens with scan input. 

- The output of the register that gives the scan mode signal in the scan PRBS 

module as +TI: test inhibit. Set to 1 throughout test application. 

- Also, since not all registers are scannable, it is necessary to assign the nReset as 

+TI to connect the chain and create the scan vectors correctly (same that for scan 

mode). 

3.6.5. Problems and solutions 

In the first iterations of DFT, the ATPG could not be completed since the tool reported 

that there was an observable chain and another controllable chain, but not a single one 

that was controllable and observable at the same time. This means that the tool cannot 

connect the SCAN chain throughout the design. 

The point where the controllable chain ended and where the observable began was 

analyzed in the final schematic of the PNR. It was seen that in the registers where the 

observable chain began, the resets were not muxed with SCAN mode. Generally, all 

registers have a controllable reset during the scan. If not, make sure that the reset signal 

is fixed during the scan to avoid that the tool assumes that the signal can change, and in 

this way that the ATPG is not completed. 
To solve it, the nReset was added in the test function to force it to 1 as mentioned in the 

previous section. 
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4. Results 

As said before, physical flow takes the RTL from the digital engineer and work from that. 

For each stage are needed different iterations to fulfill the project requirements and taped 

out the final design.  

4.1. Synthesis 

Final synthesis iteration finished without any problem or violations.  

Databases are generated: 

 

Figure 15 Synthesis: database files. 

Also, reports are generated to check that the synthesis has no violations or errors and to 

inform about design characteristics after synthesis: 

 

Figure 16 Synthesis: reports files. 

The most important reports to check the design after synthesis are: 

• qor.rpt 

============================================================ 
  Generated by:           Genus(TM) Synthesis Solution 18.14-s037_1 
  Generated on:           Nov 30 2020  02:33:29 am 
  Module:                 top_module 
  Operating conditions:   WCCOM  
  Interconnect mode:      global 
  Area mode:              physical library 
============================================================ 
Timing 
------------------------------------ 
 Clock     Period   
------------------------------------ 
clk                   200000.0  
scl_pad   200000.0  
 
 Cost      Critical          Violating  
 Group     Path Slack   TNS      Paths    
---------------------------------------------------------------------------- 
clk           86927.0    0.0            0  
default                No paths   0.0             
scl_pad                 78075.4    0.0         0  
---------------------------------------------------------------------------- 
Total                    0.0          0  
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Instance Count 
------------------------------------------------------------------- 
Leaf Instance Count                 10664  
Physical Instance count              0  
Sequential Instance Count        2064  
Combinational Instance Count      8600  
Hierarchical Instance Count         92  
 
Area 
----------------------------------------------------------------- 
Cell Area                            689309.280 
Physical Cell Area                            0.000 
Total Cell Area (Cell+Physical)     689309.280 
Net Area                             286418.230 
Total Area (Cell+Physical+Net)      975727.510 
 
Max Fanout                    742 (clk_10M_adc_calc) 
Min Fanout                            0 (clock_generator/rst_b1) 
Average Fanout               2.7 

• summary.rpt. 

============================================================ 
  Generated by:           Genus(TM) Synthesis Solution 18.14-s037_1 
  Generated on:           Nov 30 2020  02:33:30 am 
  Module:                 top_module 
  Operating conditions:   WCCOM  
  Interconnect mode:      global 
  Area mode:              physical library 
============================================================ 
 Timing 
 --------- 
 
  Slack  Endpoint                                              Cost Group  
--------------------------------------------------------------------------------------------------------------- 
+78075ps  digital_controller/memory_map/reg_67_upd_reg/D   scl_pad     
 
 Area 
 ------ 
 
 Instance  Module  Cell Count   Cell Area    Net Area    Total Area  
----------------------------------------------------------------------------------------------------------------------
---- 
top_module               10664   689309.280  286418.230    975727.510  
 
 Design Rule Check 
 -------------------------- 
 
Max_transition design rule: no violations. 
Max_capacitance design rule: no violations. 
Max_fanout design rule: no violations. 
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1. Timing reports: 

1.1. timing.rpt 

 

Figure 17 Synthesis: timing report. Worst path summary. 

 

Figure 18 Synthesis: timing report. Complete worst path report. 

2. Physical reports: 

2.1. area.rpt 

 

Figure 19 Synthesis: area report. 

2.2. combo_loops.rpt 

In the final synthesis, there are not loops. 
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2.3. constant.rpt 

In this synthesis has not any constant: 

 

Figure 20 Synthesis: constant report. 

2.4. design.rpt 

The final synthesis of this design has not violations: 

 

Figure 21 Synthesis: design report. 

2.5. gates.rpt 

The final summary of gates of the design is: 

 

Figure 22 Synthesis: gates report summary. 
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2.6. multiple_driver.rpt 

 

Figure 23 Synthesis: multiple driver report. 

2.7. physical_only.rpt 

 

Figure 24 Synthesis: physical only report. 

2.8. power_post_synthesis.rpt 

 

Figure 25 Synthesis: power report. 

2.9. undriven.rpt 

 

Figure 26 Synthesis: undriven report. 
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2.10. unloaded.rpt  

 

Figure 27 Synthesis: unloaded report. 

2.11. unloaded_comb.rpt 

 

Figure 28 Synthesis: unloaded combinational report. 

2.12. unresolved.rpt 

 

Figure 29 Synthesis: unresolved report. 

3. DFT reports: 

3.1. dft_chains.rpt 

This design has only one scan chain with the parameters set in the input of the synthesis. 

The length of the SCAN chain is 2041 registers: 

 

Figure 30 Synthesis: DFT chain report summary. 
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3.2. dft_post_check.rpt 

After synthesis, the design has not DFT violations and 98.9% of the flops are in the scan 

chain. 

 

Figure 31 Synthesis: check DFT rules report summary. 

 

Figure 32 Synthesis: DFT test clock domain report summary. 

3.3. dft_registers.rpt 

The final summary of this reports for this design is: 

 

Figure 33 Synthesis: DFT registers report summary. 
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3.4. dft_violations.rpt 

 

Figure 34 Synthesis: DFT violations report. 

There are not any DFT violations in the design. 

4.2. Place and route 

To understand the PNR process is necessary to put the focus on the different stages of 

the process. 

4.2.1. Floorplan 

The first step is creating the floorplan with power rings and stripes to distribute throughout 

the area. Vertical stripes are created with metal 2 and horizontal stripes with metal 3. 
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Figure 35 PNR: Floorplan. Power rings and stripes. 

Horizontal metal 1 stripes or follow pins are added to connect each instance with power 

nets. 

 

Figure 36 PNR: Floorplan. Metal 1 stripes. 

Also, pins are put on the edges of the floorplan with metal 2 in vertical pins and metal 3 

for horizontal pins.  

 

Figure 37 PNR: Floorplan. Metal 2 and metal 3 pins 
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To improve routing metal 1 routing channels are added. To reduce congestion soft 

blockages of 55% of density are added. 

 

Figure 38 PNR: Floorplan. Blockages. 

The complete design of the floorplan looks like this: 

 

Figure 39 PNR: Floorplan. Complete design. 
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4.2.2. Place 

After the floorplan is created, the instances of the design are placed inside. 

 

Figure 40 PNR: Place. Physical view. 

 

Figure 41 PNR: Place. Amoeba view. 

Each instance of the design, decoupling capacitors and spare cells have been placed 

evenly across the floorplan.  
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4.2.3. CTS 

The CTS is created and needs to be balanced. 

 

Figure 42 PNR: CTS. Clock tree debugger. 

 

Figure 43 PNR: CTS. Clock tree debugger zoom. 

Two paths have more insertion delay than the rest, but they do not cause timing problems 

and after notifying it, it has been decided not to modify them. These to paths are waived. 

The others paths of the design are well balanced. 

4.2.4. Route 

To see if the design can be routed is important to analyze the congestion in the floorplan 

after place, pre-CTS and post-CTS. If congestion is high, the layout will not be able to 

route.  
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Figure 44 PNR: Route. Congestion analysis at place stage. 

 

Figure 45 PNR: Route. Congestion analysis at pre-CTS stage. 

 

 

Figure 46 PNR: Route. Congestion analysis at post-CTS stage. 
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With density screens blockages and metal 1 routing blockages, congestion at every step 

is very low. 

Finally, the design is routed without any DRC violation. 

 

Figure 47 PNR: Route. Metal 1 routing. 

 

Figure 48 PNR: Route. Metal 2 routing. 
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Figure 49 PNR: Route. Metal 3 routing. 

 

Figure 50 PNR: Route. Final physical view. 

4.2.5. Signoff 

After routing, the design needs to add decoupling capacitors, fillers and metal fillers. As a 

requirement of the layout engineer, there should be no metal fillers on each side of the 

floorplan towards 40 µm in. To accomplish this, filler blocks are added for all metals. 
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Figure 51 PNR: Signoff. Fillers blocks for metal 1. 

 

Figure 52 PNR: Signoff. Fillers blocks for metal 2. 

 

Figure 53 PNR: Signoff. Fillers blocks for metal 3. 
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The final physical view of the project after adds these physical elements is: 

 

Figure 54 PNR: Signoff. Final physical view. 

And the final schematic after creating the CTS and optimizing it: 

 

Figure 55 PNR: Signoff. Final schematic. 

In this stage, there are the final databases and reports of the physical part.  
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PNR databases: 

 

Figure 56 PNR databases. 

Signoff databases: 

 

Figure 57 Signoff databases. 

Signoff reports: 

 

Figure 58 Signoff reports. 

The design needs that there are no timing violations and DRCs violations. 

 

Figure 59 PNR: Signoff. Hold timing. 
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Figure 60 PNR: Signoff. Setup timing. 

 

Figure 61 PNR: Signoff. DRVs violations. 

The delivered design has not hold, setup and DRVs violations. 

 

Figure 62 PNR: Signoff. Antenna report. 
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Figure 63 PNR: Signoff. DRC report. 

 

Figure 64 PNR: Signoff. Connectivity report. 

 

Figure 65 PNR: Signoff. Place report. 

The delivered design has not antenna violations, DRCs violations and each instance is 

connected and placed correctly. 

4.3. Logical equivalence check 

After synthesis LEC is ran to check if the RTL and the new synthesis match. After PNR 

LEC is ran to check if the RTL and PNR match and if synthesis and PNR match. 

 

Figure 66 LEC: RTL vs synthesis. Reports. 
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The most important reports for LEC are: 

4.3.1. black_box.rpt 

This report does not have black boxes between RTL and synthesis. 

This report has one black box between RTL / synthesis and PNR and is the antenna 

(ANTENNAM), as it is a physical element. 

4.3.2. compare_data_nonequivalents.rpt 

The design does not have non-equivalent points on any LEC check. 

 

Figure 67 LEC: RTL vs synthesis/PNR. Compare data non-equivalents report. 

 

Figure 68 LEC: Synthesis vs PNR. Compare data non-equivalents report. 
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4.3.3. compare_data.rpt 

 

Figure 69 LEC: all checks. Compared points reported. 

 

Figure 70 LEC: RTL vs synthesis/PNR. Compare results of equivalence and/or sequential 

merge 

 

Figure 71 LEC: Synthesis vs PNR. Compare results of equivalence and/or sequential merge. 

4.3.4. unmapped_points.rpt 

In each LEC check, all the unmapped points are unreachable. There is not necessary 

logic reported as and unmapped points, the complete design is mapped. 

 

Figure 72 LEC: RTL vs synthesis. Unmapped points report. 
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Figure 73 LEC: RTL vs PNR. Unmapped points report. 

 

Figure 74 LEC: Synthesis vs PNR. Unmapped points report. 

There are more unmapped points in RTL / synthesis vs PNR since spares and antenna 

diodes were added in PNR, and RTL and synthesis do not have them. 

4.3.5. summary.rpt 

 

Figure 75 LEC: RTL vs synthesis/PNR. Summary report. 

 

Figure 76 LEC: Synthesis vs PNR. Summary report. 

Each stage of the process matches the others. This means that there is no part of the 

design that could have been lost during the entire process. 
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4.4. Power analysis 

The power distribution in the floorplan is: 

 

Figure 77 Power analysis.  Worst EIV limit. 

In the worst EIV limit, the instances are plotted according to the voltage drop they have. 

The scale that is used starts with the worst voltage condition (2.25V) up to the VDD 

voltage that we have configured to do the analysis (3.1V). In this analysis, all cells and 

instances are within optimal power distribution limits (100% is between 2,979V and 3.1V). 

In the worst EIV, the upper and lower limits of the scale are limited to be able to observe 

in more detail how the power is distributed.   

 

Figure 78 Power analysis. Worst EIV. 

The power in this design is well distributed throughout the area. 
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4.5. DFT 

The coverage for scan of the design is 99.79% (%ATCov): 

 

Figure 79 DFT: Coverage 

With this high coverage we comply with the quality standards since, with the SCAN test, 

we will be able to detect possible manufacturing errors. 
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5. Budget 

License Use €/year Hours/project €/project 

VDI Synthesis / PNR ~100.000 120 1.370 

Modus Synthesis /DFT ~100.000 90 1.027 

Conformal LEC ~200.000 80 1.826 

Voltus Power analysis ~500.000 40 2.283 

   
Total license (€) 6.507 

Staff Base salary (€/hour) Hours   €/project 

Junior engineer 10 750   7.500 

   
Total staff (€) 7.500 

   
Total project (€) 14.007 

 



   

 70 

6. Conclusions 

In this thesis, two main objectives had been set: learn the complete flow of the physical 

design and tape out a real-life project using a commercial design.  

During this process, a lot of time has been invested understanding the different stages. 

For each stage, its process has been analyzed to understand how it works. Before 

executing it, the necessary inputs constraints have been set for the correct operation 

applied to our design. After the execution, the results have been analyzed and based on 

the errors that come out, the inputs constraints have been modified or a change has been 

requested in the RTL to fix them. 

The project to be implemented has been completed within the established time frame and 

the tape out has been done. 

Design specifications achieved: 

• Synthesis:  

o Create the scan chain. 

o Has no DFT violations. 

o Finish the synthesis without any errors in the process. 

• Place and route: 

o Power rings and stripes, instances and physical elements have been 

distributed equally throughout the floorplan. 

o Have no DRC nor timing violations. All violations of shorts, antenna, loops, 

etc, have been fixed and there are no problems with hold, setup or DRC. 

The clock tree is balanced, except for two paths that are waived. 

o All pins and instances are connected and routed correctly. 

• Logical equivalence check: 

o All LEC checks have passed without errors: 

▪ RTL vs synthesis pass. 

▪ RTL vs PNR pass. 

▪ Synthesis vs PNR pass. 

• Power analysis: 

o Power is distributed uniformly throughout the floorplan and complies with 

the established limits.  

• Design for testability: 

o The PNR coverage is 99.79%, more than the minimum coverage to 

guarantee good design quality.  
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Glossary 

IC  Integrated Circuit 

GDS  Graphic Design System 

RTL  Register Transfer Level 

PNR  Place and Route 

LEC  Logic Equivalence Check 

DFT  Design For Testability 

ATPG  Automatic Test Patter Generation  

SMSC  Single-Mode Single-Corner 

MMMC Multi-Mode Multi-Corner 

LEF  Library exchange format 

CAD  Computer-Aided Design 

SDC  Synopsis Design Constraints 

DEF  Design Exchange Format 

LIB  Liberty timing file 

I2C  Inter-Integrated Circuit 

IO  Inputs/Outputs 

ICG  Integrated Clock Gating 

LVS  Layout Versus Schematic 

AMS  Analog Mixed signal 

ECO  Engineering Change Order 

DRV  Design Rule Violation 

DRC  Design Rule Check 

CTS  Clock Tree Synthesis 

ES  Shift and scan clock 

SE  Scan Enable 

SI  Scan Input 

SO  Scan Output 

TI  Test Inhibit 

QOR  Quality Of Results 

 


