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What is an ASIC? 

1.0 Introduction  

Integrated Circuits are made from silicon wafer, with each wafer holding hundreds of die. 

An ASIC is an Application Specific Integrated Circuit . An Integrated Circuit designed 

is called an ASIC if we design the ASIC for the specific application. Examples of ASIC 

include, chip designed for a satellite, chip designed for a car, chip designed as an 

interface between memory and CPU etc. Examples of ICôs which are not called ASIC 

include Memories, Microprocessors etc. The following paragraphs will describe the types 

of ASICôs. 

1. Full -Custom ASIC: For this type of ASIC, the designer designs all or some of 

the logic cells, layout for that one chip. The designer does not used predefined 

gates in the design. Every part of the design is done from scratch.  

2. Standard Cell ASIC: The designer uses predesigned logic cells such as AND 

gate, NOR gate, etc. These gates are called Standard Cells. The advantage of 

Standard Cell ASICôs is that the designers save time, money and reduce the risk 

by using a predesigned and pre-tested Standard Cell Library. Also each Standard 

Cell can be optimized individually. The Standard Cell Libraries is designed using 

the Full Custom Methodology, but you can use these already designed libraries in 

the design. This design style gives a designer the same flexibility as the Full 

Custom design, but reduces the risk. 

3. Gate Array ASIC : In this type of ASIC, the transistors are predefined in the 

silicon wafer. The predefined pattern of transistors on the gate array is called a 

base array and the smallest element in the base array is called a base cell. The 

base cell layout is same for each logic cell, only the interconnect between the cells 

and inside the cells is customized. The following are the types of gate arrays: 

a. Channeled Gate Array 

b. Channelless Gate Array 

C. Structured Gate Array 

 

When designing a chip, the following objectives are taken into consideration: 

1. Speed 

2. Area 

3. Power 

4. Time to Market 

 

To design an ASIC, one needs to have a good understanding of the CMOS Technology. 

The next few sections give a basic overview of CMOS Technology. 
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1.1 CMOS Technology 

 

In the present decade the chips being designed are made from CMOS technology. CMOS 

is Complementary Metal Oxide Semiconductor. It consists of both NMOS and PMOS 

transistors. To understand CMOS better, we first need to know about the MOS (FET) 

transistor. 

 

1.2 MOS Transistor 

MOS stands for Metal Oxide Semiconductor field effect transistor. MOS is the basic 

element in the design of a large scale integrated circuit is the transistor. It is a voltage 

controlled device. These transistors are formed as a ``sandwich'' consisting of a 

semiconductor layer, usually a slice, or wafer, from a single crystal of silicon; a layer of 

silicon dioxide (the oxide) and a layer of metal. These layers are patterned in a manner 

which permits transistors to be formed in the semiconductor material (the ``substrate''); 

The MOS transistor consists of three regions, Source, Drain and Gate. The source and 

drain regions are quite similar, and are labeled depending on to what they are connected. 

The source is the terminal, or node, which acts as the source of charge carriers; charge 

carriers leave the source and travel to the drain. In the case of an N channel MOSFET 

(NMOS), the source is the more negative of the terminals; in the case of a P channel 

device (PMOS), it is the more positive of the terminals. The area under the gate oxide is 

called the ``channelò.  Below is figure of a MOS Transistor. 

 

Figure 1.2a MOS Transistor 

 

 

 
 

The transistor normally needs some kind of voltage initially for the channel to form. 

When there is no channel formed, the transistor is said to be in the ócut off regionô. The 

voltage at which the transistor starts conducting (a channel begins to form between the 

source and the drain) is called threshold Voltage. The transistor at this point is said to be 

in the ólinear regionô. The transistor is said to go into the ósaturation regionô when there 

are no more charge carriers that go from the source to the drain.  
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Figure 1.2b Graph of Drain Current vs Drain to Source Voltage 

 

 

CMOS technology is made up of both NMOS and CMOS transistors. Complementary 

Metal-Oxide Semiconductors (CMOS) logic devices are the most common devices used 

today in the high density, large number transistor count circuits found in everything from 

complex microprocessor integrated circuits to signal processing and communication 

circuits. The CMOS structure is popular because of its inherent lower power 

requirements, high operating clock speed, and ease of implementation at the transistor 

level. The complementary p-channel and n-channel transistor networks are used to 

connect the output of the logic device to the either the VDD or VSS power supply rails for a 

given input logic state. The MOSFET transistors can be treated as simple switches. The 

switch must be on (conducting) to allow current to flow between the source and drain 

terminals. 

Example: Creating a CMOS inverter requires only one PMOS and one NMOS transistor. 

The NMOS transistor provides the switch connection (ON) to ground when the input is 

logic high. The output load capacitor gets discharged and the output is driven to a 

logicô0ô. The PMOS transistor (ON) provides the connection to the VDD power supply 

rail when the input to the inverter circuit is logic low. The output load capacitor gets 

charged to VDD .  The output is driven to logic ô1ô.  

 The output load capacitance of a logic gate is comprised of 

a. Intrinsic Capacitance: Gate drain capacitance ( of both NMOS and PMOS 

transistors) 

b. Extrinsic Capacitance: Capacitance of connecting wires and also input 

capacitance of the Fan out Gates.  

ĄIn CMOS, there is only one driver, but the gate can drive as many gates as possible. In 

CMOS technology, the output always drives another CMOS gate input.  

 

 The charge carriers for PMOS transistors is óholesô and charge carriers for NMOS 

are electrons. The mobility of electrons is two times more than that of óholesô. Due to this 

the output rise and fall time is different. To make it same, the W/L ratio of the PMOS 

transistor is made about twice that of the NMOS transistor. This way, the PMOS and 
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NMOS transistors will have the same ódrive strengthô. In a standard cell library, the 

length óLô of a transistor is always constant. The width óWô values are changed to have to 

different drive strengths for each gate. The resistance is proportional to (L/W). Therefore 

if the increasing the width, decreases the resistance.  

 

1.3 Power Dissipation in CMOS ICôs 

The big percentage of power dissipation in CMOS ICôs is due to the charging and 

discharging of capacitors. Majority of the low power CMOS IC designs issue is to reduce 

power dissipation.  The main sources of power dissipation are: 

1. Dynamic Switching Power: due to charging and discharging of circuit 

capacitances 

      Ą A low to high output transition draws energy from the power supply 

      Ą A high to low transition dissipates energy stored in CMOS transistor. 

 Ą Given the frequency ófô, of the low-high transitions, the total power drawn 

would be:      load capacitance*Vdd*Vdd*f 

2. Short Circuit Curr ent: It occurs when the rise/fall time at the input of the gate is 

larger than the output rise/fall time. 

3. Leakage Current Power: It is caused by two reasons; 

a. Reverse-Bias Diode Leakage on Transistor Drains: This happens in 

CMOS design, when one transistor is off, and the active transistor charges 

up/down the drain using the bulk potential of the other transistor. 

Example: Consider an inverter with a high input voltage, output is low 

which means NMOS is on and PMOS is off. The bulk of PMOS is 

connected to VDD. Therefore there is a drain-to ïbulk voltage ïVDD, 

causing the diode leakage current. 

       b. Sub-Threshold Leakage through the channel to an óOFFô transistor/device. 

 

1.4  CMOS Transmission Gate 

A PMOS transistor is connected in parallel to a NMOS transistor to form a Transmission 

gate. The transmission gate just transmits the value at the input to the output. It consists 

of both NMOS and PMOS because, PMOS transistor transmits a strong ó1ô and NMOS 

transistor transmits a strong ó0ô. The advantages of using a Transmission Gate are: 

1. It shows better characteristics than a switch. 

2. The resistance of the circuit is reduced, since the transistors are connected in parallel. 

 

Sequential Element 

In CMOS, an element which stores a logic value (by having a feedback loop) is called a 

sequential element. A simplest example of a sequential element would be two inverters 

connected back to back. There are two types of basic sequential elements, they are: 

1. Latch:   The two inverters connected back to back, when connected to a 

transmission gate, with a control input, forms a latch. When the control input is 

high (logic ó1ô), the transmission gate is switched on and whatever value which 

was at the input óDô passes to the output. When the control input is low, the 

transmission gate is off and the inverters that are connected back to back hold the 
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value. Latch is called a transparent latch because when the óDô input changes, the 

output also changes accordingly. 

G

D Q

 
 

Figure 1.4a Latch 

 

2. Flip -Flop: A flip flop is constructed from two latches in series. The first latch is 

called a Master latch and the second latch is called the slave latch. The control 

input to the transmission gate in this case is called a clock. The inverted version of 

the clock is fed to the input of the slave latch transmission gate.  

a. When the clock input is high, the transmission gate of the master latch is 

switched on and the input óDô is latched by the 2 inverters connected back 

to back (basically master latch is transparent). Also, due to the inverted 

clock input to the transmission gate of the slave latch, the transmission 

gate of the slave latch is not óonô and it holds the previous value. 

b. When the clock goes low, the slave part of the flip flop is switched on and 

will update the value at the output with what the master latch stored when 

the clock input was high. The slave latch will hold this new value at the 

output irrespective of the changes at the input of Master latch when the 

clock is low. When the clock goes high again, the value at the output of 

the slave latch is stored and stepôaô is repeated again. 

           The data latched by the Master latch in the flip flop happens at the rising clock 

edge, this type of flip flop is called positive-edge triggered flip flop. If the latching 

happens at negative edge of the clock, the flip flop is called negative edge triggered flip 

flop. 

 

 

CLK

D Q

Master Slave

 
 

Figure 1.4b Flip-Flop 
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Overview of ASIC Flow 
 

2.0 Introduction 

 

To design a chip, one needs to have an Idea about what exactly one wants to design. At 

every step in the ASIC flow the idea conceived keeps changing forms. The first step to 

make the idea into a chip is to come up with the Specifications.  

Specifications are nothing but 

¶ Goals and constraints of the design. 

¶  Functionality (what will the chip do) 

¶  Performance figures like speed and power 

¶  Technology constraints like size and space (physical dimensions) 

¶  Fabrication technology and design techniques 

The next step is in the flow is to come up with the Structural  and Functional 

Description. It means that at this point one has to decide what kind of architecture 

(structure) you would want to use for the design, e.g. RISC/CISC, ALU, pipelining etc é 

To make it easier to design a complex system; it is normally broken down into several 

sub systems. The functionality of these subsystems should match the specifications. At 

this point, the relationship between different sub systems and with the top level system is 

also defined. 

       The sub systems, top level systems once defined, need to be implemented. It is 

implemented using logic representation (Boolean Expressions), finite state machines, 

Combinatorial, Sequential Logic, Schematics etc.... This step is called Logic Design / 

Register Transfer Level (RTL) .  Basically the RTL describes the several sub systems. It 

should match the functional description. RTL is expressed usually in Verilog or VHDL. 

Verilog and VHDL are Hardware Description Languages. A hardware description 

language (HDL) is a language used to describe a digital system, for example, a network 

switch, a microprocessor or a memory or a simple flip-flop. This just means that, by 

using a HDL one can describe any hardware (digital) at any level. Functional/Logical 

Verification is performed at this stage to ensure the RTL designed matches the idea. 

        Once Functional Verification is completed, the RTL is converted into an optimized 

Gate Level Netlist. This step is called Logic/RTL synthesis. This is done by Synthesis 

Tools such as Design Compiler (Synopsys), Blast Create (Magma), RTL Compiler 

(Cadence) etc... A synthesis tool takes an RTL hardware description and a standard cell 

library as input and produces a gate-level netlist as output. Standard cell library is the 

basic building block for todayôs IC design. Constraints such as timing, area, testability, 

and power are considered. Synthesis tools try to meet constraints, by calculating the cost 

of various implementations. It then tries to generate the best gate level implementation 

for a given set of constraints, target process.  The resulting gate-level netlist is a 

completely structural description with only standard cells at the leaves of the design. At 

this stage, it is also verified whether the Gate Level Conversion has been correctly 

performed by doing simulation.  

        The next step in the ASIC flow is the Physical Implementation of the Gate Level 

Netlist. The Gate level Netlist is converted into geometric representation. The geometric 
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representation is nothing but the layout of the design. The layout is designed according to 

the design rules specified in the library. The design rules are nothing but guidelines based 

on the limitations of the fabrication process. The Physical Implementation step consists 

of three sub steps; Floor planning->Placement->Routing. The file produced at the output 

of the Physical Implementation is the GDSII file. It is the file used by the foundry to 

fabricate the ASIC. This step is performed by tools such as Blast Fusion (Magma), IC 

Compiler (Synopsys), and Encounter (Cadence) EtcéPhysical Verification is performed 

to verify whether the layout is designed according the rules.  

 

Figure 2.a : Simple ASIC Design Flow 
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      For any design to work at a specific speed, timing analysis has to be performed. 

We need to check whether the design is meeting the speed requirement mentioned in the 

specification. This is done by Static Timing Analysis Tool, for example Primetime 

(Synopsys). It validates the timing performance of a design by checking the design for all 

possible timing violations for example; set up, hold timing. 

    After Layout, Verification, Timing Analysis, the layout is ready for Fabrication. The 

layout data is converted into photo lithographic masks. After fabrication, the wafer is 

diced into individual chips.  Each Chip is packaged and tested.  
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Synopsys Verilog Compiler Simulator (VCS) Tutorial 

3.0 Introduction  

Synopsys Verilog Compiler Simulator is a tool from Synopsys specifically designed to 

simulate and debug designs. This tutorial basically describes how to use VCS, simulate a 

verilog description of a design and learn to debug the design. VCS also uses VirSim, 

which is a graphical user interface to VCS used for debugging and viewing the 

waveforms.   

 

There are three main steps in debugging the design, which are as follows 

 

1. Compiling the Verilog/VHDL source code. 

2. Running the Simulation. 

3. Viewing and debugging the generated waveforms. 

 

You can interactively do the above steps using the VCS tool. VCS first compiles the 

verilog source code into object files, which are nothing but C source files. VCS can 

compile the source code into the object files without generating assembly language files. 

VCS then invokes a C compiler to create an executable file. We use this executable file to 

simulate the design. You can use the command line to execute the binary file which 

creates the waveform file, or you can use VirSim.  

 

Below is a brief overview of the VCS tool, shows you how to compile and simulate a 

counter. For basic concepts on verification and test bench, please refer to APPENDIX 3A 

at the end of this chapter. 

 

SETUP 

 

Before going to the tutorial Example, letôs first setup up the directory. 

 

You need to do the below 3 steps before you actually run the tool:  

 

1.  As soon as you log into your engr account, at the command prompt, please type ñcsh 

ñas shown below.  This changes the type of shell from bash to c-shell. All the commands 

work ONLY in c-shell. 

 

[hkommuru@hafez ]$csh  

 

2. Please copy the whole directory from the below location (cp ïrf source destination) 

 

[hkommuru@hafez ]$cd  

[hkommuru@hafez ]$ cp -rf  /packages/synopsys/setup/asic_flow_setup  ./  

 

This creates directory structure as shown below.  It will create a directory called 

ñasic_flow_setup ò, under which it creates the following directories namely  
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asic_flow_setup 

src/ : for verilog code/source code 

vcs/ : for vcs simulation ,  

synth_graycounter/ : for synthesis  

synth_fifo/ : for synthesis 

pnr/ : for Physical design 

extraction/: for extraction 

pt/: for primetime 

verification/: final signoff check  

 

The ñasic_flow_setupò directory will contain all generated content including, VCS 

simulation, synthesized gate-level Verilog, and final layout. In this course we will always 

try to keep generated content from the tools separate from our source RTL. This keeps 

our project directories well organized, and helps prevent us from unintentionally 

modifying the source RTL. There are subdirectories in the project directory for each 

major step in the ASIC Flow tutorial. These subdirectories contain scripts and 

configuration files for running the tools required for that step in the tool flow. For this 

tutorial we will work exclusively in the vcs directory. 

 

3. Please source ñsynopsys_setup.tclò which sets all the environment variables necessary 

to run the VCS tool. 

Please source them at unix prompt as shown below 

 

 [hkommuru@hafez ]$ source /packages/synopsys/setup/synopsys_setup.tcl 

 

Please Note :  You have to do all the three steps above everytime you log in.  

 

3.1 Tutorial Example  

 
In this tutorial, we would be using a simple counter example . Find the verilog code and 

testbench at the end of the tutorial. 

  

Source code file name  :   counter.v 

Test bench file name    :   counter_tb.v  

 

Setup 

3.1.1 Compiling and Simulating 

 

NOTE:  AT PRESENT THERE SEEMS TO BE A BUG IN THE TOOL, SO 

COMPILE AND SIMULATION IN TWO DIFFERENT STEPS IS NOT 

WORKING. THIS WILL BE FIXED SHORTLY. PLEASE DO STEP 3 TO SEE 

THE OUTPUT OF YOUR CODE. STEP 3 COMMAND PERFORMS 

COMPILATION AND SIMULATION I N ONE STEP. 
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1.  In the ñvcsò directory,  compile the verilog source code by typing the following at the 

machine prompt.  

 

[hkommuru@hafez vcs]$ cd asic_flow_setup/vcs  

[hkommuru@hafez vcs]$ cp ../src/counter/*  . 

[hkommuru@hafez vcs]$ vcs ïf main_counter.f +v2k  

 

Please note that the ïf option means the file specified (main_counter.f ) contains a list of 

command line options for vcs. In this case, the command line options are just a list of the 

verilog file names. Also note that the testbench is listed first. The below command also 

will have same effect . 

 

 [hkommuru@hafez vcs]$ vcs ïf  counter_tb.v counter.v  +v2k  

 

The +v2k option is used if you are using Verilog IEE 1364-2000 syntax; otherwise there 

is no need for the option. Please look at Figure 3.a for output of compile command. 

 

Figure 3.a: vcs compile 

 
                        Chronologic VCS (TM) 

            Version B-2008.12 -- Wed Jan 28 20:08:26 2009 

               Copyright (c) 1991-2008 by Synopsys Inc. 

                         ALL RIGHTS RESERVED 

 

This program is proprietary and confidential information of Synopsys Inc. 

and may be used and disclosed only as authorized in a license agreement 

controlling such use and disclosure. 

 

 

Warning-[ACC_CLI_ON] ACC/CLI capabilities enabled 

  ACC/CLI capabilities have been enabled for the entire design. For faster  

  performance enable module specific capability in pli.tab file 

 

Parsing design file 'counter_tb.v' 

Parsing design file 'counter.v' 

Top Level Modules: 

       timeunit 

       counter_testbench 

TimeScale is 1 ns / 10 ps 

Starting vcs inline pass... 

2 modules and 0 UDP read. 

recompiling module timeunit 

recompiling module counter_testbench 

Both modules done. 

gcc  -pipe -m32 -O -I/packages/synopsys/vcs_mx/B-2008.12/include   -c -o rmapats.o rmapats.c 

if [  -x ../simv ]; then chmod -x ../simv; fi 

g++  -o ../simv -melf_i386 -m32  5NrI_d.o 5NrIB_d.o IV5q_1_d.o blOS_1_d.o rmapats_mop.o rmapats.o 

SIM_l.o   /packages/synopsys/vcs_mx/B-2008.12/linux/lib/libvirsim.a /packages/synopsys/vcs_mx/B-

2008.12/linux/lib/librterrorinf.so /packages/synopsys/vcs_mx/B-2008.12/linux/lib/libsnpsmalloc.so     
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/packages/synopsys/vcs_mx/B-2008.12/linux/lib/libvcsnew.so     /packages/synopsys/vcs_mx/B-

2008.12/linux/lib/ctype-stubs_32.a -ldl -lz -lm  -lc -ldl     

../simv up to date 

 

VirSim B-2008.12-B Virtual Simulator Environment 

Copyright (C) 1993-2005 by Synopsys, Inc. 

Licensed Software. All Rights Reserved. 

 

By default the output of compilation would be a executable binary file is named simv. 

You can specify a different name with the -o compile-time option. 

 

 For example : 

vcs ïf main_counter.f +v2k ïo counter.simv 

 

 VCS compiles the source code on a module by module basis. You can incrementally 

compile your design with VCS, since VCS compiles only the modules which have 

changed since the last compilation.  

 

2.  Now, execute the simv command line with no arguments. You should see the output 

from both vcs and simulation and should produce a waveform file called counter.dump in 

your working directory. 

 

[hkommuru@hafez vcs]$./counter.simv 

 

Please see Figure 3.b for output of simv command 

 

Figure 3.b Simulation Result 

 
Chronologic VCS simulator copyright 1991-2008 

Contains Synopsys proprietary information. 

Compiler version B-2008.12; Runtime version B-2008.12;  Jan 28 19:59 2009 

 

time=    0 ns, clk=0, reset=0, out=xxxx 

time=   10 ns, clk=1, reset=0, out=xxxx 

time=   11 ns, clk=1, reset=1, out=xxxx 

time=   20 ns, clk=0, reset=1, out=xxxx 

time=   30 ns, clk=1, reset=1, out=xxxx 

time=   31 ns, clk=1, reset=0, out=0000 

time=   40 ns, clk=0, reset=0, out=0000 

time=   50 ns, clk=1, reset=0, out=0000 

time=   51 ns, clk=1, reset=0, out=0001 

time=   60 ns, clk=0, reset=0, out=0001 

time=   70 ns, clk=1, reset=0, out=0001 

time=   71 ns, clk=1, reset=0, out=0010 

time=   80 ns, clk=0, reset=0, out=0010 

time=   90 ns, clk=1, reset=0, out=0010 

time=   91 ns, clk=1, reset=0, out=0011 

time=  100 ns, clk=0, reset=0, out=0011 

time=  110 ns, clk=1, reset=0, out=0011 

time=  111 ns, clk=1, reset=0, out=0100 
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time=  120 ns, clk=0, reset=0, out=0100 

time=  130 ns, clk=1, reset=0, out=0100 

time=  131 ns, clk=1, reset=0, out=0101 

time=  140 ns, clk=0, reset=0, out=0101 

time=  150 ns, clk=1, reset=0, out=0101 

time=  151 ns, clk=1, reset=0, out=0110 

time=  160 ns, clk=0, reset=0, out=0110 

time=  170 ns, clk=1, reset=0, out=0110 

All tests completed sucessfully 

 

 

$finish called from file "counter_tb.v", line 75. 

$finish at simulation time  171.0 ns 

           V C S   S i m u l a t i o n   R e p o r t  

Time: 171000 ps 

CPU Time:      0.020 seconds;       Data structure size:   0.0Mb 

Wed Jan 28 19:59:54 2009 

 

If you look at the last page of the tutorial, you can see the testbench code, to understand 

the above result better. 

 

3. You can do STEP 1 and STEP 2 in one single step below. It will compile and simulate 

in one single step. Please take a look at the command below: 

 

[hkommuru@hafez vcs]$ vcs -V -R -f main_counter.f -o simv     

 

In the above command,   

-V : stands for Verbose 

-R : command which tells the tool to do simulation immediately/automatically after 

compilation 

-o : output file name , can be anything simv, counter.simv etc... 

-f : specifying file 

To compile and simulate your design, please write your verilog code, and copy it to the 

vcs directory. After copying your verilog code to the vcs directory, follow the tutorial 

steps to simulate and compile.  

3.2 DVE TUTORIAL  

DVE provides you a graphical user interface to debug your design. Using DVE you can 

debug the design in interactive mode or in postprocessing mode. In the interactive mode, 

apart from running the simulation, DVE allows you to do the following: 

Å View waveforms 

Å Trace Drivers and loads 

Å Schematic, and Path Schematic view 

Å Compare waveforms 

Å Execute UCLI/Tcl commands 

Å Set line, time, or event break points 

Å Line stepping 
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However, in post-processing mode, a VPD/VCD/EVCD file is created during simulation, 

and you use DVE to: 

Å View waveforms 

Å Trace Drivers and loads 

Å Schematic, and Path Schematic view 

Å Compare waveforms 

Use the below command line to invoke the simulation in interactive mode using DVE: 

[hkommuru@hafez vcs]$simv ïgui   

A TopLevel window is a frame that displays panes and views. 

Å A pane can be displayed one time on each TopLevel Window. serves a specific debug 

purpose. Examples of panes are Hierarchy, Data, and the Console panes. 

Å A view can have multiple instances per TopLevel window. Examples of views are 

Source, Wave, List, Memory, and Schematic. Panes can be docked on any side to a 

TopLevel window or left floating in the area in the frame not occupied by docked panes 

(called the workspace).  

You can use the above command or you can do everything, which is compile and 

simulation, open the gui in one step. 

1. Invoke dve to view the waveform. At the unix prompt, type : 

[hkommuru@hafez vcs]$ vcs -V -R -f main_counter.f -o simv   -gui ïdebug_pp   

 

Where debug_pp option is used to run the dve in simulation mode. Debug_pp creates a 

vpd file which is necessary to do simulation. The below window will open up. 
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2. In the above window, open up the counter module to view the whole module like 

below. Click on dut highlighted in blue and drag it to the data pane as shown below. All 

the signals in the design will show up in the data pane.  
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3. In this window, click on ñSetupò under the ñSimulatorò option. A new small window 

will open up as shown.  Inter.vpd is the file, the simulator will use to run the waveform. 
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The ïdebug_pp option in step1 creates this file. Click ok and now the step up is complete 

to run the simulation shown in the previous page.  

 

4. Now in the data pane select all the signals with the left mouse button holding the shift 

button so that you select as many signals you want. Click on the right mouse button to 

open a  new window, and click on ñAdd to group => New group .  A new window will 

open up showing a new group of selected signals below.  

 

 
 

You can create any number of signal groups you want so that you can organize the way 

and you want to see the output of the signals .   
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5.  4. Now in the data pane select all the signals with the left mouse button holding the 

shift button so that you select as many signals you want. Click on the right mouse button 

to open a  new window, and click on ñAdd to waves Č New wave viewò.  A new 

waveform window will open with simulator at 0ns . 

 

 
 

 

 



San Francisco State University                           Nano-Electronics & Computing Research Lab 23 

6. In the waveform window, go to ñSimulator menu optionò and click on ñStartò. The tool 

now does simulation and you can verify the functionality of the design as shown below.  

 

 
 

In the waveform window, the menu option View  Ą Set Time Scale can be used to 

change the display unit and the display precision 

 

7. You can save your current session and reload the same session next time or start a new 

session again.  In the menu option , File Ą Save Session, the below window opens as 

shown below. 
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8. For additional debugging steps, you can go to menu option  

    1. Scope Ą Show Source code: You can view your source code here and analyze.  

    2. Scope Ą Show Schematic: You can view a schematic view of the design . 
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9.  Adding Breakpoints in Simulation. To be able to add breakpoints, you have to use a 

additional compile option ïdebug_all ïflag when you compile the code as shown below.  

 

[hkommuru@hafez vcs]$ vcs -V -R -f main_counter.f -o simv   -gui ïdebug_pp  -

debug_all ïflag   

 

Go to the menu option, Simulation Ą Breakpoints , will open up a new window as shown 

below. You need to do this before Step 6, i.e. before actually running the simulation.   

 
 

You can browse which file and also the line number and click on ñCreateò button to 

create breakpoints.  

 

Now when you simulate, click on Simulate Ą Start, it will stop at your defined 

breakpoint, click on Next to continue. 

 

You can save your session again and exit after are done with debugging or in the middle 

of debugging your design. 

 

 

Verilog Code 
 

File : Counter.v  

 

   module counter ( out, clk, rese t ) ;  
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   input        clk, reset;  

   output [3:0] out;  

 

   reg [3:0]    out;  

    

   wire [3:0]   next;  

 

   // This statement implements reset and increment  

   assign       next = reset ? 4'b0 : (out + 4'b1);  

 

   // This implements the flip - flops  

   al ways @ ( posedge clk ) begin  

      out <= #1 next;  

   end  

       

     

endmodule // counter  

 

File : Counter_tb.v  [ Test Bench ]  

// This stuff just sets up the proper time scale and format for the  

// simulation, for now do not modify.  

`timescale 1ns/10ps  

module timeunit;  

   initial $timeformat( - 9,1," ns",9);  

endmodule  

 

 

// Here is the testbench proper:  

module counter_testbench ( ) ;  

 

    // Test bench gets wires for all device under test (DUT) outputs:  

 

   wire [3:0]        out;  

 

   // Regs for all DUT inputs :  

   reg               clk;  

   reg               reset;  

 

 

   counter dut (// (dut means device under test)  

                // Outputs  

                .out            (out[3:0]),  

                // Inputs  

                .reset          (reset),  

                .clk            (clk));  

 

 

  // Setup clk to automatically strobe with a period of 20.  

   always #10 clk = ~clk;  

 

 

   initial  

     begin  

 

        // First setup up to monitor all inputs and outputs  

        $monitor ("time=%5d ns, clk=%b, reset=%b, out= %b", $time, clk, 

reset, out[3:0]);  
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        // First initialize all registers  

        clk = 1'b0;             // what happens to clk if we don't  

                                // set this?;  

        reset = 1'b0;  

 

        @(posedge clk);#1;      // this  s ays wait for rising edge  

                                // of clk and one more tic (to prevent  

                                // shoot through)  

 

        reset = 1'b1;  

 

        @(posedge clk);#1;  

 

        reset = 1'b0;  

 

        // Lets watch what happens after 7 cycles  

        @(posedge clk);#1;  

        @(posedge clk);#1;  

        @(posedge clk);#1;  

        @(posedge clk);#1;  

        @(posedge clk);#1;  

        @(posedge clk);#1;  

        @(posedge clk);#1;  

 

 

        // At this point we should have a 4'b0110 coming out out 

because  

        // the counter should have counted for 7 cycles from 0  

        if (out != 4'b0110) begin  

           $display("ERROR 1: Out is not equal to 4'b0110");  

           $finish;  

        end  

 

 

        // We got this far so all tests p assed.  

        $display("All tests completed sucessfully \ n\ n");  

 

        $finish;  

     end  

 

 

   // This is to create a dump file for offline viewing.  

   initial  

     begin  

        $dumpfile ("counter.dump");  

        $dumpvars (0, counter_testbench);  

     end // initial begin  

 

 

endmodule // counter_testbench  
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APPENDIX 3A: Overview of RTL   

3.A.1 Register Transfer Logic 

RTL is expressed in Verilog or VHDL. This document will cover the basics of Verilog. 

Verilog is a Hardware Description Language (HDL). A hardware description language is 

a language used to describe a digital system example Latches, Flip-Flops, Combinatorial, 

Sequential Elements etcé Basically you can use Verilog to describe any kind of digital 

system. One can design a digital system in Verilog using any level of abstraction. The 

most important levels are: 

¶ Behavior Level:  This level describes a system by concurrent algorithms 

(Behavioral). Each algorithm itself is sequential, that means it consists of a set of 

instructions that are executed one after the other. There is no regard to the 

structural realization of the design. Example (Use of óalwaysô statement in 

Verilog). 

¶ Register Transfer Level (RTL): Designs using the Register-Transfer Level 

specify the characteristics of a circuit by transfer of data between the registers, 

and also the functionality; for example Finite State Machines. An explicit clock is 

used. RTL design contains exact timing possibility; and data transfer is scheduled 

to occur at certain times.  

¶ Gate level:  The system is described in terms of gates (AND, OR, NOT, NAND 

etcé). The signals can have only these four logic states (ó0ô,ô1ô,ôXô,ôZô). The 

Gate Level design is normally not done because the output of Logic Synthesis is 

the gate level netlist. 

Verilog allows hardware designers to express their designs at the behavioral level and not 

worry about the details of implementation to a later stage in the design of the chip. The 

design normally is written in a top-down approach. The system has a hierarchy which 

makes it easier to debug and design. The basic skeleton of a verilog module looks like 

this: 

module example (<ports >); 

 

input <ports>; 

output <ports>; 

inout <ports>; 

 

# Data-type instantiation 

#reg data-type stores values 

reg <names>; 

 

#Wire data-type connects two different pins/ports 

wire <names> ; 

 

<Instantiation> 
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end module 

The modules can reference other modules to form a hierarchy. If the module contains 

references to each of the lower level modules, and describes the interconnections between 

them, a reference to a lower level module is called a module instance. Each instance is an 

independent, concurrently active copy of a module. Each module instance consists of the 

name of the module being instanced (e.g. NAND or INV), an instance name (unique to 

that instance within the current module) and a port connection list. 

NAND N1 (in1, in2, out) 

INV V1 (a, abar); 

Instance name in the above example is óN1 and V1ô and it has to be unique. The port 

connection list consists of the terms in open and closed bracket ( ). The module port 

connections can be given in order (positional mapping), or the ports can be explicitly 

named as they are connected (named mapping). Named mapping is usually preferred for 

long connection lists as it makes errors less likely. 

 There are two ways to instantiate the ports:  

1. Port Mapping by name : Donôt have to follow order  

            Example:  

            INV V2 (.in (a), .out (abar));  

 

2. Port mapping by order:  Donôt have to specify (.in) & (.out). The  

Example: 

AND A1 (a, b, aandb); 

 

If óaô and ób óare the inputs and óaandbô is the output, then the ports must be 

mentioned in the same order as shown above for the AND gate. One cannot write 

it in this way: 

AND A1 (aandb, a, b);  

 

It will consider óaandbô as the input and result in an error. 

 

Example Verilog Code: D Flip Flop 

module  dff ( d, clk, q , qbar) 

input d, clk; 

output q; 

 

always @(posedge clk) 

begin 

q<=d; 

qbar = !d; 

 

end 
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endmodule 

 

3.A.2  Digital Design 

 

Digital Design can be broken into either Combinatorial Logic or Sequential Logic. As 

mentioned earlier, Hardware Description Languages are used to model RTL. RTL again 

is nothing but combinational and sequential logic. The most popular language used to 

model RTL is Verilog. The following are a few guidelines to code digital logic in 

Verilog: 

1. Not everything written in Verilog is synthesizable. The Synthesis tool does not 

synthesize everything that is written. We need to make sure, that the logic implied 

is synthesized into what we want it to synthesize into and not anything else. 

a. Mostly, time dependant tasks are not synthesizable in Verilog. Some of 

the Verilog Constructs that are Non Synthesizable are task, wait, initial 

statements, delays, test benches etc 

b. Some of the verilog constructs that are synthesizable are assign statement, 

always blocks, functions etc. Please refer to next section for more detail 

information.  

2. One can model level sensitive and also edge sensitive behavior in Verilog. This 

can be modeled using an always block in verilog. 

a. Every output in an óalwaysô block when changes and depends on the 

sensitivity list, becomes combinatorial circuit, basically the outputs have 

to be completely specified. If the outputs are not completely specified, 

then the logic will get synthesized to a latch.  The following  are a few 

examples to clarify this: 

b. Code which results in level sensitive behavior 

c. Code which results in edge sensitive behavior 

d. Case Statement Example 

i. casex 

ii.  casez 

3. Blocking and Non Blocking statements 

a. Example: Blocking assignment 

b. Example: Non Blocking assignment 

4. Modeling Synchronous and Asynchronous Reset in Verilog 

a. Example: With Synchronous reset 

b. Example: With Asynchronous reset 

5. Modeling State Machines in Verilog 

a. Using One Hot Encoding 

b. Using Binary Encoding 

 

APPENDIX 3B:  TEST BENCH / VERIFICATION  

 

After designing the system, it is very vital do verify the logic designed. At the front end, 

this is done through simulation. In verilog, test benches are written to verify the code. 



San Francisco State University                           Nano-Electronics & Computing Research Lab 31 

This topic deals with the whole verification process. Some basic guidelines for writing 

test benches: 

ĄTest bench instantiates the top level design and provides the stimulus to the design. 

Ą Inputs of the design are declared as óregô type. The reg data type holds a value until a 

new value is driven onto it in an initial or always block. The reg type can only be 

assigned a value in an always or initial block, and is used to apply stimulus to the inputs 

of the Device Under Test.  

ĄOutputs of design declared as ówireô type. The wire type is a passive data type that 

holds a value driven on it by a port, assign statement or reg type. Wires can not be 

assigned values inside always and initial blocks. 

ĄAlways and initial blocks are two sequential control blocks that operate on reg types 

in a Verilog simulation. Each initial and always block executes concurrently in every 

module at the start of simulation. An example of an initial block is shown below 

 
reg clk_50, rst_l;  

initial  

begin  

$display($time, " << Starting the Simulation >>");  

clk_50 = 1ôb0; // at time 0 

rst_l = 0; // reset is active  

#20 rst_l = 1ôb1; // at time 20 release reset  

end  

 

Initial blocks start executing sequentially at simulation time 0. Starting with the first line 

between the ñbegin end pairò each line executes from top to bottom until a delay is 

reached. When a delay is reached, the execution of this block waits until the delay time 

has passed and then picks up execution again. Each initial and always block executes 

concurrently. The initial block in the example starts by printing << Starting the 

Simulation >> to the screen, and initializes the reg types clk_50 and rst_l to 0 at time 0. 

The simulation time wheel then advances to time index 20, and the value on rst_l changes 

to a 1. This simple block of code initializes the clk_50 and rst_l reg types at the beginning 

of simulation and causes a reset pulse from low to high for 20 ns in a simulation. 

 

ĄSome system tasks are called. These system tasks are ignored by the synthesis tool, so 

it is ok to use them. The system task variables begin with a ó$ô sign. Some of the system 

level tasks are as follows: 

a. $Display: Displays text on the screen during simulation 

b. $Monitor:  Displays the results on the screen whenever the parameter 

changes. 

c. $Strobe: Same as $display, but prints the text only at the end of the time 

step. 

d. $Stop: Halts the simulation at a certain point in the code. The user can add 

the next set of instructions to the simulator. After $Stop, you get back to 

the CLI prompt. 

e. $Finish: Exits the simulator 

f. $Dumpvar, $Dumpfile: This dumps all the variables in a design to a file. 

You can dump the values at different points in the simulation. 
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ĄTasks are a used to group a set of repetitive or related commands that would normally 

be contained in an initial or always block. A task can have inputs, outputs, and inouts, 

and can contain timing or delay elements. An example of a task is below 

 
task load_count;  

input [3:0] load_value;  

begin  

@(negedge clk_50);  

$display($time, " << Loading the counter with %h >>", load_value);  

load_l = 1ôb0; 

count_in = load_value;  

@(negedge clk_50);  

load_l = 1ôb1; 

end  

endtask //of load_count  

 

This task takes one 4-bit input vector, and at the negative edge of the next clk_50, it starts 

executing. It first prints to the screen, drives load_l low, and drives the count_in of the 

counter with the load_value passed to the task. At the negative edge of clk_50, the load_l 

signal is released. The task must be called from an initial or always block. If the 

simulation was extended and multiple loads were done to the counter, this task could be 

called multiple times with different load values.  

Ą The compiler directive `timescale: 
ótimescale 1 ns / 100 ps 

 

This line is important in a Verilog simulation, because it sets up the time scale and 

operating precision for a module. It causes the unit delays to be in nanoseconds (ns) and 

the precision at which the simulator will round the events down to at 100 ps. This causes 

a #5 or #1 in a Verilog assignment to be a 5 ns or 1 ns delay respectively. The rounding 

of the events will be to .1ns or 100 pico seconds. 

 

Ą Verilog Test benches use a standard, which contains a description of the C language 

procedural interface, better known as programming language interface (PLI). We can 

treat PLI as a standardized simulator (Application Program Interface) API for routines 

written in C or C++. Most recent extensions to PLI are known as Verilog procedural 

interface (VPI); 

ĄBefore writing the test bench, it is important to understand the design specifications of 

the design, and create a list of all possible test cases. 

ĄYou can view all the signals and check to see if the signal values are correct, in the 

waveform viewer.  

Ą When designing the test bench, you can break-points at certain times, or can do 

simulation in a single step way, one can also have Time related breakpoints (Example: 

execute the simulation for 10ns and then stop) 

ĄTo test the design further, it is good to have randomized simulation. Random 

Simulation is nothing but supplying random combinations of valid inputs to the 

simulation tool and run it for a long time. When this random simulation runs for a long 

time, it could cover all corner cases and we can hope that it will emulate real system 

behavior. You can create random simulation in the test bench by using the $random 

variable. 
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ĄCoverage Metric: A way of seeing, how many possibilities exist and how many of 

them are executed in the simulation test bench. It is always good to have maximum 

coverage. 

a. Line Coverage: It is the percentage of lines in the code, covered by the 

simulation tool.  

b. Condition Coverage: It checks for all kinds of conditions in the code and 

also verifies to see if all the possibilities in the condition have been 

covered or not. 

c. State Machine Coverage: It is the percentage of coverage, that checks to 

see if every sequence of the state transitions that are covered. 

d. Regression Test Suite: This type of regression testing is done, when a 

new portion is added to the already verified code. The code is again tested 

to see if the new functionality is working and also verifies that the old 

code functionality has not been changed, due to the addition of the new 

code. 

 

Goals of Simulation are: 

1. Functional Correctness: To verify the functionality of the design by verifies 

main test cases, corner cases (Special conditions) etcé 

2. Error Handling  

3. Performance 

 

Basic Steps in Simulation: 

1. Compilation: During compilation, the verilog is converted to object code. It is done 

on a module basis. 

2. Linking: This is step where module interconnectivity takes place. The object files 

are linked together and any kind of port mismatches (if any) occur. 

3. Execution: An executable file is created and executed. 

 

3.B.1 Test Bench Example: 

 

The following is an example of a simple read, write, state machine design and a test 

bench to test the state machine. 

 

State Machine: 

 

module state_machine(sm_in,sm_clock,reset,sm_out);  

parameter idle  = 2'b00;  

parameter read  = 2'b01;  

parameter write = 2'b11;  

parameter wait  = 2'b10;  
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input sm_clock;  

input reset;  

input sm_in;  

output sm_out;  

reg [1:0] current_state, next_state;  

   

always @ (posedge sm_clock)  

   begin  

   if (reset == 1'b1)  

   current_state <= 2'b00;  

   else  

   current_state <= next_state;  

   end  

   

always @ (current_state or sm_in)  

   begin  

      // default values  

      sm_out = 1'b1;  

      next_state = current_state;  

      case (current_state)  

      idle:  

         sm_out = 1'b0;  

         if (sm_in)  

         next_state = 2'b11;  

      write:  

         sm_out = 1'b0;  

         if (sm_in == 1'b0)  

         next_state = 2'b10;  

      read:  

         if (sm_in == 1'b1)  

         next_state = 2'b01;  

      wait:  

         if (sm_in == 1'b1)  

         next_state = 2'b00;  

      endcase  

   end  

endmodule  

 

Test Bench for State Machine 
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module testbench;  

// parameter declaration section  

// ...  

parameter idle_state = 2'b00;  

parameter read_state = 2'b01;  

parameter write_state = 2'b11;  

parameter wait_state = 2'b10;  

// testbench declaration section  

reg [500:1] message;  

reg [500:1] state_message;  

reg in1;  

reg clk;  

reg reset;  

wire data_mux;  

// instantiations  

state_machine #(idle_state,  

                read_state,  

                write_state,  

                wait_state)  st_mac (  

   .sm_in       (in1),  

   .sm_clock    (clk),  

   .reset       (reset),  

   .sm_out      (data_mux)  

   );  

// monitor section  

always @ (st_mac.current_state)  

   case (st_mac.current_state)  

     idle_state : state_message = "idle";  

     read_state : state_message = "read";  

     write_state: state_message = "write";  

     wait_state : state_message = "wait";  

   endcase  

// clock declaration  

initial clk = 1'b0;  

always #50 clk = ~clk;  

// tasks  

task reset_cct;  

   begin  

   @(posedge clk);  

   message = " reset";  
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   @(posedge clk);  

   reset = 1'b1;  

   @(posedge clk);  

   reset = 1'b0;  

   @(posedge clk);  

   @(posedge clk);  

   end  

endtask  

task change_in1_to;  

input  a;  

begin  

message = "change in1 task";  

@ (posedge clk);  

in1 = a;  

end  

endtask  

// main task calling section  

initial  

begin  

message = "start";  

reset_cct;  

change_in1_to (1'b1);  

change_in1_to (1'b0);  

change_in1_to (1'b1);  

change_in1_to (1'b0);  

change_in1_to (1'b1);  

@ (posedge clk);  

@ (posedge clk);  

@ (posedge clk);  

$stop;  

end  

endmodule  

How do you simulate your design to get the real system behavior? 

The following are two methods with which it id possible to achieve real system behavior 

and verify it.  

1. FPGA Implementation: Speeds up verification and makes it more comprehensive.  

2. Hardware Accelerator: It is nothing but a bunch of FPGAôs implemented inside of 

a box.  During compilation, it takes the part of the code that is synthesizable and 

maps it onto FPGA. Al the other non synthesizable part of the code such as test 

benches etc, are invoked by the simulation tools. 
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a. Basically RTL is mapped onto FPGA. The FPGA internally contains 

optimized files.  

b. It translates signal transitions in the software part and signals on the FPGA 

and basically maps into the real signals that are there on the FPGA board. 

c. This method of verification is good when there is a big design which has a 

lot of RTL, it also depends on the percentage of synthesizable code versus 

non-synthesizable code, if the amount of interaction between the codes, 

lesser the better. 

 

Design Compiler Tutorial [RTL -Gate Level Synthesis] 
 

4.0 Introduction 

 

The Design Compiler is a synthesis tool from Synopsys Inc.  In this tutorial you will 

learn how to perform hardware synthesis using Synopsys design compiler.  In simple 

terms, we can say that the synthesis tool takes a RTL [Register Transfer Logic] hardware 

description [design written in either Verilog/VHDL], and standard cell library as input 

and the resulting output would be a technology dependent gate-level-netlist. The gate-

level-netlist is nothing but structural representation of only standard cells based on the 

cells in the standard cell library. The synthesis tool internally performs many steps, which 

are listed below. Also below is the flowchart of synthesis process. 

 

1. Design Compiler reads in technology libraries, DesignWare libraries, and symbol 

libraries to implement synthesis.  

        During the synthesis process, Design Compiler [DC] translates the RTL description 

to components extracted from the technology library and DesignWare library. The 

technology library consists of basic logic gates and flip-flops. The DesignWare library 

contains more complex cells for example adders and comparators which can be used for 

arithmetic building blocks. DC can automatically determine when to use Design Ware 

components and it can then efficiently synthesize these components into gate-level 

implementations.  

2.  Reads the RTL hardware description written in either Verilog/VHDL.  

3. The synthesis tool now performs many steps including high-level RTL optimization, 

RTL to unoptimized Boolean logic, technology independent optimizations, and finally 

technology mapping to the available standard cells in the technology library, known as 

target library. This resulting gate-level-netlist also depends on constrains given. 

Constraints are the designerôs specification of timing and environmental restrictions [area, 

power, process etc] under which synthesis is to be performed. 

             As an RTL designer, it is good to understand the target standard cell library, so 

that one can get a better understanding of how the RTL coded will be synthesized into 

gates. In this tutorial we will use Synopsys Design Compiler to read/elaborate RTL, set 

timing constraints, synthesize to gates, and report various QOR reports [timing/area 

reports etc]. Please refer to APPENDIX sA: Overview of RTL for more information. 
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4.  After the design is optimized, it is ready for DFT [design for test/ test synthesis]. DFT 

is test logic; designers can integrate DFT into design during synthesis. This helps the 

designer to test for issues early in the design cycle and also can be used for debugging 

process after the chip comes back from fabrication. 

        In this tutorial, we will not be covering the DFT process. The synthesized design in 

the tutorial example is without the DFT logic. Please refer to tutorial on Design for Test 

for more information.  

5.  After test synthesis, the design is ready for the place and route tools. The Place and 

route tools place and physically interconnect cells in the design. Based on the physical 

routing, the designer can back-annotate the design with actual interconnect delays; we 

can use Design Compiler again to resynthesize the design for more accurate timing 

analysis. 

 

Figure 4.a Synthesis Flow 

 

 

 
 

While running DC, it is important to monitor/check the log files, reports, scripts etc to 

identity issues which might affect the area, power and performance of the design. In this 
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tutorial, we will learn how to read the various DC reports and also use the graphical 

Design Vision tool from Synopsys to analyze the synthesized design.  

 

For Additional documentation please refer the below location, where you can get more 

information on the 90nm Standard Cell Library, Design Compiler, Design Vision, Design 

Ware Libraries etc.  

 

4.1 BASIC SYNTHESIS GUIDELINES  

4.1.1 Startup File 

The Synopsys synthesis tool when invoked, through Design compiler command, reads a 

startup file, which must be present in the current working directory. This startup file is 

synopsys_dc.setup file. There should be two startup files present, one in the current 

working directory and other in the root directory in which Synopsys is installed. The 

local startup file in the current working directory should be used to specify individual 

design specifications. This file does not contain design dependent data. Its function is to 

load the Synopsys technology independent libraries and other parameters. The user in the 

startup files specifies the design dependent data. The settings provided in the current 

working directory override the ones specified in the root directory. 

 

There are four important parameters that should be setup before one can start 

using the tool. They are: 

Å search_path 

This parameter is used to specify the synthesis tool all the paths that it should search 

when looking for a synthesis technology library for reference during synthesis. 

Å target_library  

The parameter specifies the file that contains all the logic cells that should used for 

mapping during synthesis. In other words, the tool during synthesis maps a design to the 

logic cells present in this library. 

Å symbol_library  

This parameter points to the library that contains the ñvisualò information on the logic 

cells in the synthesis technology library. All logic cells have a symbolic representation 

and information about the symbols is stored in this library. 

Å link_library  

This parameter points to the library that contains information on the logic gates in the 

synthesis technology library. The tool uses this library solely for reference but does not 

use the cells present in it for mapping as in the case of target_library.  

 

An example on use of these four variables from a .synopsys_dc.setup file is given below. 

search_path = ñ. /synopsys/libraries/syn/cell_library/libraries/synò 

target_library = class.db 

link_library = class.db 

symbol_library = class.db 

Once these variables are setup properly, one can invoke the synthesis tool at the 

command prompt using any of the commands given for the two interfaces. 
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4.1.2 Design Objects 

 

There are eight different types of objects categorized by Design Compiler. 

 

Design: It corresponds to the circuit description that performs some logical function. The 

design may be stand-alone or may include other sub-designs. Although sub-design may 

be part of the design, it is treated as another design by the Synopsys. 

Cell: It is the instantiated name of the sub-design in the design. In Synopsys terminology, 

there is no differentiation between the cell and instance; both are treated as cell. 

Reference: This is the definition of the original design to which the cell or instance refers. 

For e.g., a leaf cell in the netlist must be referenced from the link library, which contains 

the functional description of the cell. Similarly an instantiated sub-design must be 

referenced in the design, which contains functional description of the instantiated 

subdesign. 

Ports: These are the primary inputs, outputs or IOôs of the design.  

Pin: It corresponds to the inputs, outputs or IOôs of the cells in the design. (Note the 

difference between port and pin) 

Net: These are the signal names, i.e., the wires that hook up the design together by 

connecting ports to pins and/or pins to each other. 

Clock: The port or pin that is identified as a clock source. The identification may be 

internal to the library or it may be done using dc_shell commands. 

Library: Corresponds to the collection of technology specific cells that the design is 

targeting for synthesis; or linking for reference. 

 

Design Entry 

Before synthesis, the design must be entered into the Design Compiler (referred to as DC 

from now on) in the RTL format. DC provides the following two methods of design 

entry: 

 

read command 

analyze & elaborate commands 

 

The analyze & elaborate commands are two different commands, allowing designers to 

initially analyze the design for syntax errors and RTL translation before building the 

generic logic for the design. The generic logic or GTECH components are part of 

Synopsys generic technology independent library. They are unmapped representation of 

boolean functions and serve as placeholders for the technology dependent library.  

 

The analyze command also stores the result of the translation in the specified design 

library that maybe used later. So a design analyzed once need not be analyzed again and 

can be merely elaborated, thus saving time. Conversely read command performs the 

function of analyze and elaborate commands but does not store the analyzed results, 

therefore making the process slow by comparison.  
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Parameterized designs (such as usage of generic statement in VHDL) must use analyze 

and elaborate commands in order to pass required parameters, while elaborating the 

design. The read command should be used for entering pre-compiled designs or netlists 

in DC . 

 

One other major difference between the two methods is that, in analyze and elaborate 

design entry of a design in VHDL format, one can specify different architectures during 

elaboration for the same analyzed design. This option is not available in the read 

command. 

 

The commands used for both the methods in DC are as given below: 

Read command: 

dc_shell>read ïformat <format> <list of file names> 

ñ-formatò option specifies the format in which the input file is in, e.g. VHDL 

Sample command for a reading ñadder.vhdò file in VHDL format is given below 

 

dc_shell>read ïformat vhdl adder.vhd  

Analyze and Elaborate commands: 

 

Or  

 

dc_shell>read ïformat verilog adder.v 

Analyze and Elaborate commands: 

 

dc_shell>analyze -format <format> <list of file names> 

 

dc_shell>elaborate <.syn file> -arch ñ<architecture >ò ïparam ñ<parameter>ò 

.syn file is the file in which the analyzed information of the design analyzed is stored. 

e.g: The adder entity in the adder.vhd has a generic parameter ñwidthò which can be 

specified while elaboration. The architecture used is ñbehò defined in the adder.vhd file. 

The commands for analyze and elaborate are as given below: 

 

dc_shell> analyze -format vhdl adder.vhd 

 

dc_shell> elaborate adder ïarch ñbehò ïparam ñwidth = 32ò 

 

4.1.3 Technology Library 

 

Technology libraries contain the information that the synthesis tool needs to generate a 

netlist for a design based on the desired logical behavior and constraints on the design. 

The tool referring to the information provided in a particular library would make 

appropriate choices to build a design. The libraries contain not only the logical function 

of an ASIC cell, but the area of the cell, the input-to-output timing of the cell, any 

constraints on fanout of the cell, and the timing checks that are required for the cell. 
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Other information stored in the technology library may be the graphical symbol of the 

cell for use in creating the netlist schematic. 

 

The target_library , link_libra ry , and symbol_library parameters in the startup file are 

used to set the technology library for the synthesis tool. 

 

The Synopsys® .lib technology library contains the following information 

Å Wire-load models for net length and data estimation. Wire-load models available in the 

technology library are statistical and hence inaccurate when estimating data. 

Å Operating Conditions along with scaling k-factors for different delay components to 

model the effects of temperature, process, and voltage on the delay numbers. 

Å Specific delay models like piece-wise linear, non-linear, cmos2 etc. for calculation of 

delay values. 

For each of the technology primitive cells the following information is modeled 

Å Interface pin names, direction and other information. 

Å Functional descriptions for both combinational and sequential cells which can be 

modeled in Synopsys® 

Å Pin capacitance and drive capabilities 

Å Pin to pin timing 

Å Area 

 

4.1.4 Register Transfer-Level Description 

 

A Register Transfer-Level description is a style that specifies a particular design in terms 

or registers and combinational logic in between. This is be shown by the ñregister and 

cloudò diagram in Fig 2.0 

 
 

Figure 4.b. Register and cloud diagram 

 

The registers can be described explicitly, through component instantiation, or implicitly, 

through inference. The combinational logic is described either by logical equations, 

sequential control statements (CASE, IF then ELSE, etc.), subprograms, or through 

concurrent statements and are represented by cloud objects in figure 2.0 between the 

registers.  
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RTL is the most popular form of high-level design specification. A good coding style 

would help the synthesis tool generate a design with minimal area and maximum 

performance. 

 

4.1.5 General Guidelines 

 

Following are given some guidelines which if followed might improve the performance 

of the synthesized logic, and produce a cleaner design that is suited for automating the 

synthesis process. 

¶ Clock logic including clock gating and reset generation should be kept in one block ï 

to be synthesized once and not touched again. This helps in a clean specification of 

the clock constraints. Another advantage is that the modules that are being driven by 

the clock logic can be constrained using the ideal clock specifications. 

¶ No glue logic at the top: The top block is to be used only for connecting modules 

together. It should not contain any combinational glue logic. This removes the time 

consuming top-level compile, which can now be simply stitched together without 

undergoing additional synthesis. 

¶ Module name should be same as the file name and one should avoid describing more  

that one module or entity in a single file. This avoids any confusion while compiling 

the files and during the synthesis. 

¶ While coding finite state machines, the state names should be described using the 

enumerated types. The combinational logic for computing the next state should be in 

its own process, separate from the state registers. Implement the next-state 

combinational logic with a case statement. This helps in optimizing the logic much 

better and results in a cleaner design. 

¶ Incomplete sensitivity lists must be avoided as this might result in simulation 

mismatches between the source RTL and the synthesized logic. 

¶ Memory elements, latches and flip-flops: A latch is inferred when an incomplete if 

statement with a missing else part is specified. A flip-flop, or a register, is inferred 

when an edge sensitive statement is specified in the always statement for Verilog and 

process statement for VHDL. A latch is more troublesome than a latch as it makes 

static timing analysis on designs containing latches. So designers try to avoid latches 

and prefer flipflops more to latches.  

¶ Multiplexer Inference: A case statement is used for implementing multiplexers. To 

prevent latch inferences in case statements the default part of the case statement 

should always be specified. On the other hand an if statement is used for writing 

priority encoders. Multiple if statements with multiple branches result in the creation 

of a priority encoder structure. 

Ex: always @ (A, B, C) 

begin 

if A= 0 then D = B; end if; 

if A= 1 then D = C; end if; 

end  
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The above example infers a priority encoder with the first if statement given the 

precedence. The same code can be written using a case statement to implement a 

multiplexer as follows. 

always @ (A, B, C) 

begin 

case (A) is 

when 0 => D = B; 

when others => D = C; 

end case; 

end  

 

The same code can be written using if statement along with elsif statements to cover all 

possible branches. 

 Three state buffers: A tri-state buffer is inferred whenever a high impedance (Z) is 

assigned to an output. Tri-state logic is generally not always recommended because it 

reduces testability and is difficult to optimize ï since it cannot be buffered. 

 Signals versus Variables in VHDL: Signal assignments are order independent, i.e. the 

order in which they are placed within the process statement does not have any effect on 

the order in which they are executed as all the signal assignments are done at the end of 

the process. The variable assignments on the other hand are order dependent. The signal 

assignments are generally used within the sequential processes and variable assignments 

are used within the combinational processes.  

 

4.1.6 Design Attributes and Constraints 

 

A designer, in order to achieve optimum results, has to methodically constrain the design, 

by describing the design environment, target objectives and design rules. The constraints 

contain timing and/or area information, usually derived from the design specifications. 

The synthesis tool uses these constraints to perform synthesis and tries to optimize the 

design with the aim of meeting target objectives. 

 

4.1.6.1 Design Attributes 

 

Design attributes set the environment in which a design is synthesized. The attributes 

specify the process parameters, I/O port attributes, and statistical wire-load models. The 

most common design attributes and the commands for their setting are given below: 

Load: Each output can specify the drive capability that determines how many loads can 

be driven within a particular time. Each input can have a load value specified that 

determines how much it will slow a particular driver. Signals that are arriving later than 

the clock can have an attribute that specifies this fact. The load attribute specifies how 

much capacitive load exists on a particular output signal. The load value is specified in 

the units of the technology library in terms of picofarads or standard loads, etc... The 

command for setting this attribute is given below: 

set_load <value> <object_list> 

e.g. dc_shell> set_load 1.5 x_bus 
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Drive: The drive specifies the drive strength at the input port. It is specified as a 

resistance value. This value controls how much current a particular driver can source.  

The larger a driver is, i.e 0 resistance, the faster a particular path will be, but a larger 

driver will take more area, so the designer needs to trade off speed and area for the best 

performance. The command for setting the drive for a particular object is given below  

 

set_drive <value> <object_list> 

e.g. dc_shell> set_drive 2.7 ybus 

 

4.1.6.2 Design Constraints 

 

Design constraints specify the goals for the design. They consist of area and timing 

constraints. Depending on how the design is constrained the DC/DA tries to meet the set 

objectives. Realistic specification is important, because unrealistic constraints might 

result in excess area, increased power and/or degrading in timing. The basic commands to 

constrain the design are  

 

set_max_area: This constraint specifies the maximum area a particular design should 

have. The value is specified in units used to describe the gate-level macro cells in the 

technology library. 

e.g. dc_shell> set_max_area 0 

Specifying a 0 area might result in the tool to try its best to get the design as small as 

possible 

 

create_clock: This command is used to define a clock object with a particular period and 

waveform. The ïperiod option defines the clock period, while the ïwaveform option 

controls the duty cycle and the starting edge of the clock. This command is applied to a 

pin or port, object types. 

 

Following example specifies that a port named CLK is of type ñclockò that has a period 

of 40 ns, with 50% duty cycle. The positive edge of the clock starts at time 0 ns, with the 

falling edge occurring at 20 ns. By changing the falling edge value, the duty cycle of the 

clock may be altered. 

e.g. dc_shell> create_clock ïperiod 40 ïwaveform {0 20} CLK 

 

set_donôt_touch_network: This is a very important command, usually used for clock 

networks and resets. This command is used to set a dont_touch property on a port, or on 

the net. Note setting this property will also prevent DC from buffering the net. In addition 

any gate coming in contact with the ñdonôt_touchò net will also inherit the attribute.  

e.g. dc_shell> set_dont_touch_network {CLK, RST} 

 

set_donôt_touch: This is used to set a don_touch property on the current_design, cells, 

references, or nets. This command is frequently used during hierarchical compilation of 

blocks for preventing the DC from optimizing the donôt_touch object. 

e.g. dc_shell> set_donôt_touch current_design 
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current_design is the variable referencing the current working design. It can be set using 

the current_design command as follows 

dc_shell>current_design <design_name> 

 

set_input_delay: It specifies the input arrival time of a signal in relation to the clock. It is 

used at the input ports, to specify the time it takes for the data to be stable after the clock 

edge. The timing specification of the design usually contains this information, as the  

setup/hold time requirements for the input signals. From the top-level timing 

specifications the sub-level timing specifications may also be extracted. 

e.g. dc_shell> set_input_delay ïmax 23.0 ïclock CLK {datain}  

dc_shell> set_input_delay ïmin 0.0 ïclock CLK {datain}  

 

The CLK has a period of 30 ns with 50% duty cycle. For the above given specification of 

max and min input delays for the datain with respect to CLK, the setup-time requirement 

for the input signal datain is 7ns, while the hold-time requirement is 0ns. 

 

set_output_delay: This command is used at the output port, to define the time it takes for 

the data to be available before the clock edge. This information is usually is provided in 

the timing specification. 

e.g. dc_shell> set_output_delay ï max 19.0 ïclock CLK {dataout}  

 

The CLK has a period of 30 ns with 50% duty cycle. For the above given specification of 

max output delay for the dataout with respect to CLK, the data is valid for 11 ns after the 

clock edge. 

 

set_max_delay: It defines the maximum delay required in terms of time units for a 

particular path. In general it is used for blocks that contain combination logic only. 

However it may also be used to constrain a block that is driven by multiple clocks, each 

with a different frequency. This command has precedence over DC derived timing 

requirements. 

e.g. dc_shell> set_max_delay 5 ïfrom all_inputs() ï to_all_outputs() 

 

set_min_delay: It defines the minimum delay required in terms of time units for a 

particular path.. It is the opposite of the set_max_delay command. This command has 

precedence over DC derived timing requirements. 

e.g. dc_shell> set_max_delay 3 ïfrom all_inputs() ï to_all_outputs() 

 

4.2 Tutorial Example 

 

Setup 
 

1. Write the Verilog Code. For the purpose of this tutorial, please consider the simple 

verilog code for gray counter below. 
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Gray Code Counter  

// MODULE: Sequential Circuit Example: gray_counter.v 

// MODULE DECLARATION 

module graycount (gcc_out, reset_n, clk, en_count); 

      

  output [2-1:0] gcc_out; // current value of counter 

  input reset_n;                          // active-low RESET signal 

  input clk;               // clock signal 

  input en_count;              // counting is enabled when en_count = 1 

 

  // SIGNAL DECLARATIONS 

  reg [2-1:0] gcc_out; 

// Compute new gcc_out value based on current gcc_out value 

  always @(negedge reset_n or posedge clk) begin 

    if (~reset_n) 

      gcc_out <= 2'b00; 

    else begin // MUST be a (posedge clk) - don't need ñelse if (posedge clk)" 

      if (en_count) begin // check the count enable 

        case (gcc_out) 

          2'b00: begin          gcc_out <= 2'b01; end 

          2'b01: begin          gcc_out <= 2'b11; end 

          2'b11: begin          gcc_out <= 2'b10; end 

          default: begin        gcc_out <= 2'b00;           end 

        endcase // of case 

      end // of if (en_count) 

    end // of else 

  end // of always loop for computing next gcc_out value 

 

endmodule 

 

2.  As soon as you log into your engr account, at the command prompt, please type ñcsh 

ñas shown below.  This changes the type of shell from bash to c-shell. All the commands 

work ONLY in c-shell. 

 

[hkommuru@hafez ]$csh  

 

2. Please copy the whole directory from the below location  

 

[hkommuru@hafez ]$cd 

[hkommuru@hafez ]$ cp ïrf  /packages/synopsys/setup/asic_flow_setup  .  

 

This ccreate directory structure as shown below.  It will create a directory called 

ñasic_flow_setup ò, under which it creates the following directories namely  

  

 

asic_flow_setup 
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src/ : for verilog code/source code 

vcs/ : for vcs simulation ,  

synth_graycounter/ : for synthesis  

synth_fifo/ : for synthesis 

pnr/ : for Physical design 

extraction/: for extraction 

pt/: for primetime 

verification/: final signoff check  

 

The ñasic_flow_setupò directory will contain all generated content including, VCS 

simulation, synthesized gate-level Verilog, and final layout. In this course we will always 

try to keep generated content from the tools separate from our source RTL. This keeps 

our project directories well organized, and helps prevent us from unintentionally 

modifying the source RTL. There are subdirectories in the project directory for each 

major step in the ASIC Flow tutorial. These subdirectories contain scripts and 

configuration files for running the tools required for that step in the tool flow. For this 

tutorial we will work exclusively in the vcs directory. 

 

3. Please source ñsynopsys_setup.tclò which sets all the environment variables necessary 

to run the VCS tool. 

Please  source them at unix prompt as shown below 

 

 [hkommuru@hafez ]$ source /packages/synopsys/setup/synopsys_setup.tcl 

 

Please Note :  You have to do all the three steps above everytime you log in.  

 

4. Please open the ñdc_synth.tclò at below location 

 

[hkommuru@hafez ]$cd 

[hkommuru@hafez.sfsu.edu] $cd asic_flow_setup/synth_graycounter  

[hkommuru@hafez.sfsu.edu] $cd scripts  

[hkommuru@hafez.sfsu.edu] $emacs dc_synth.tcl & 

[hkommuru@hafez.sfsu.edu] $cd .. 

4.2.1 Synthesizing the Code 

 

5. First we will learn how to run dc_shell manually, before we automate the scripts. Use 

the below command invoke dc_shell  

 

[hkommuru@hafez.sfsu.edu] $ dc_shell-xg-t 

Initializing... 

dc_shell-xg-t> 

 

Once you get the prompt above, you can run various commands to load verilog files, 

libraries etc.  To get more information on any command you can type ñman 

<command_name> at the prompt. 
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6. Type/Copy  in the below commands at the command prompt, from the ñdc_synth.tclò 

which you have already opened in STEP 4.  
 

dc_shell-xg-t> lappend search_path ../src/gray_counter 

dc_shell-xg-t> define_design_lib WORK ïpath ñworkò 

dc_shell-xg-t > set link_library [ list  

/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/Digita

l_Standard_Cell_Library/synopsys/models/saed90nm_max.db 

/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/Digita

l_Standard_Cell_Library/synopsys/models/saed90nm_min.db 

/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/Digita

l_Standard_Cell_Library/synopsys/models/saed90nm_typ.db ]  

dc_shell-xg-t > set target_library [ list 

/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/Digita

l_Standard_Cell_Library/synopsys/models/saed90nm_max.db] 

 

The command ñlappend search pathò tells the tool to search for the verilog code in that 

particular directory ] to the verilog source code directory. 

  

The next  command ñdefine_design_libò,  creates a Synopsys work directory, and the la 

last two commands ñ set link_library ñ and ñ set target_library ñ  point to the standard 

technology  libraries we will be using. The DB files contain wireload models [Wire load 

modeling allows the tool to estimate the effect of wire length and fanout on the resistance, 

capacitance, and area of nets, calculate wire delays and circuit speeds], area and timing 

information for each standard cell. DC uses this information to optimize the synthesis 

process. For more detail information on optimization, please refer to the DC manual.   

 

7. The next step is to load your Verilog/VHDL design into Design Compiler. The 

commands to load verilog are ñanalyzeò and ñelaborateò. Executing these commands 

results in a great deal of log output as the tool elaborates some Verilog constructs and 

starts to infer some high-level components. Try executing the commands as follows. 

 

dc_shell_xg-t > analyze ïlibrary WORK ïformat verilog gray_counter.v  

dc_shell_xg-t> elaborate ïarchitecture verilog ïlibrary WORK graycount 

 

Notice, that the graycount is the name of the top module to be synthesized and not the 

name of the verilog file (gray_counter.v). You can see part of the analyze command in 

Figure 7.a below  
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Figure 4.a : Fragment of analyze command 

 

 
 

You can see Figure 7.b, which shows you a part of the elaboration, for the above gray 

code; the tool has inferred flipflop with 2 bit width. Please make sure that you check your 

design at this stage in the log to check if any latches inferred. We typically do not want 

latches inferred in the design. 

 

Before DC optimizes the design, it uses Presto Verilog Compiler [for verilog code], to 

read in the designs; it also checks the code for the correct syntax and builds a generic 

technology (GTECH) netlist. DC uses this GTECH netlist to optimize the design.  You 

could also use ñread_verilogò command, which basically combines both elaborate and 

analyze command into one.  You can use ñread_verilogò as long as your design is not 

parameterized, meaning look at the below example of a register.  

 

module dflipflop( inp, clk, outp ); 

parameter SIZE = 8; 

input [SIZE-1:0] inp; 

input clk; 

output [SIZE-1:0] outp; 

reg [SIZE-1:0] outp; 

reg [SIZE-1:0] tmp; 

always @(clk) 

if (clk == 0) 

tmp = inp; 

else //(clk == 1) 

out1 <= tmp; 

endmodule 
 

If you want an instance of the above register to have a bit-width of 32, use the elaborate 

command to specify this as follows: 

 

elaborate dflipflop -param SIZE=32 
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For more information on the ñelaborateò command, and how the synthesis tool infers 

combinational and sequential elements, please refer to Presto HDL Compiler Reference 

Manual found in the documentation area.  

 

Figure 4.b   Fragment of elaborate command 

 

 

 
 

8.  Next, we check to see if the design is in a good state or consistent state; meaning that 

there are no errors such as unconnected ports, logical constant-valued ports, cells with no 

input or output pins, mismatches between a cell and its reference, multiple driver nets etc.  

 
dc_shell-xg-t> check_design 

 

Please go through, the check_design errors and warnings. DC cannot compile the design 

if there are any errors. Many of the warningôs may not an issue, but it is still useful to 

skim through this output. 

 

9.  After the design compile is clean, we need to tell the tool the constraints, before it 

actually synthesizes. The tool needs to know the target frequency you want to synthesize. 

Take a look at the ñcreate_clockò command below. 
 

dc_shell-xg-t> create_clock clk -name ideal_clock1 -period 5 
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The above command tells the tool that the pin named clk is the clock and that your 

desired clock period is 5 nanoseconds. We need to set the clock period constraint 

carefully. If the period is unrealistically small, then the tools will spend forever trying to 

meet timing and ultimately fail. If the period is too large, then the tools will have no 

trouble but you will get a very conservative implementation.  

 

You could also add additional constraints such as constrain the arrival of certain input 

signals, the drive strength of the input signals, capacitive load on the output signals etc. 

Below are some examples.  These constraints are defined by you, the user; hence we can 

call them user specified constraints.  

Set input constraints by defining how much time would be spent by signals arriving into 

your design, outside your design with respect to clock.  

 

 dc_shell-xg-t> set_input_delay 2.0 [remove_from_collection [all_inputs] clk ] ïclock 

ideal_clock1 

 

Similarly you can define output constraints, which define how much time would be spent 

by signals leaving the design, outside the design, before being captured by the same clk. 

 

dc_shell-xg-t>  set_output_delay 2.0 [all_outputs] ïclock ideal_clock1 

 

Set area constraints: set maximum allowed area to 0 J, well itôs just to instruct design 

compiler to use as less area as possible. 

 

dc_shell-xg-t > set_max_area 0 

 

Please refer to tutorial on ñBasics of Static Timing Analysisò  for more understanding of 

concepts of STA and for more information on the commands used in STA, please refer to 

the Primetime Manual and DC Compiler Manual at location /packages/synopsys/ 

 

10. Now we are ready to use the compile command to actually synthesize our design into 

a gate-level netlist. Two of the most important options for the compile command are the 

map effort and the area effort. Both of these can be set to one of none, low, medium, or 

high. They specify how much time to spend on technology mapping and area reduction. 

 

dc_shell-xg-t> compile -map_effort medium -area_effort medium 

 

DC will attempt to synthesize your design while still meeting the constraints. DC 

considers two types of constraints: user specified constraints and design rule constraints. 

We looked at the user specified constraints in the previous step. Design rule constraints 

are fixed constraints which are specified by the standard cell library. For example, there 

are restrictions on the loads specific gates can drive and on the transition times of certain 

pins. To get a better understanding of the standard cell library, please refer to Generic 

90nm library documents in the below location which we are using in the tutorial. 
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/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/Digi

tal_Standard_Cell_Library/doc/databook/ 

 

Also, note that the compile command does not optimize across module boundaries. You 

have to use ñset flattenò command to enable inter-module optimization. For more 

information on the compile command consult the Design Compiler User Guide (dc-user-

guide.pdf) or use man compile at the DC shell prompt. 

 

The compile command will report how the design is being optimized. You should see DC 

performing technology mapping, delay optimization, and area reduction. Figure 7.c 

shows a fragment from the compile output. Each line is an optimization pass. The area 

column is in units specific to the standard cell library, but for now you should just use the 

area numbers as a relative metric. The worst negative slack column shows how much 

room there is between the critical path in your design and the clock constraint. Larger 

negative slack values are worse since this means that your design is missing the desired 

clock frequency by a greater amount. Total negative slack is the sum of all negative slack 

across all endpoints in the design - if this is a large negative number it indicates that not 

only is the design not making timing, but it is possible that many paths are too slow. If 

the total negative slack is a small negative number, then this indicates that only a few 

paths are too slow. The design rule cost is an indication of how many cells violate one of 

the standard cell library design rules constraints.  

 

You can use the compile command more than once, as many iterations as you want, for 

example, first iteration you can optimize only timing, but it might come with high area 

cost, for second iteration, it optimizes area, but could cause the design to no longer meet 

timing. There is no limit on number of iterations; however each design is different, and 

you need to do number of runs, to decide how many iterations it needs.  

  

We can now use various commands to examine timing paths, display reports, and further 

optimize the design. Using the shell directly is useful for finding out more information 

about a specific command or playing with various options. 

Figure 4.c: Fragment of Compile command  
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4.2.2 Interpreting the Synthesized Gate-Level Netlist and Text Reports 

 

In addition to the actual synthesized gate-level netlist, the dc_synth.tcl also generates 

several text reports. Reports usually have the rpt filename suffix. The following is a list 

of the synthesis reports. 

The synth area.rpt report contains area information for each module in the design. 7.d  

shows a fragment from synth_area.rpt. We can use the synth_area.rpt report to gain 

insight into how various modules are being implemented. We can also use the area report 

to measure the relative area of the various modules.   

 

You can find all these reports in the below location for your reference. 

/packages/synopsys/setup/project_dc/synth/reports/ 

 

You can also look at command.log , in the synth directory, which will list all the 

commands used in the current session. 

 

synth_area.rpt - Contains area information for each module instance 
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Figure 4.d :  Fragment of area report 

 
Library(s) Used:  

 

    saed90nm_typ (File: 

/packages/process_kit/generic/generic_90nm/update d_Oct2008/SAED_EDK90nm

/Digital_Standard_Cell_Library/synopsys/models/saed90nm_typ.db)  

 

Number of ports:                5  

Number of nets:                 9  

Number of cells:                5  

Number of references:           3  

 

Combinational area:         29.4 92001  

Noncombinational area:      64.512001  

Net Interconnect area:      undefined  (No wire load specified)  

 

Total cell area:            94.003998  

Total area:                 undefined  

1  

 

The synth_cells.rpt  - Contains the cells list in the design ,  as you can see in Figure 

4.e . From this report , you can see the breakup of each cell area in the design. 

 

Figure 4.e:  Fragment of cell area report 
 

Attributes:  

    b -  black box (unknown)  

    h -  hierarchical  

    n -  noncombinational  

    r -  removable  

    u -  contains unmapped logic  

 

Cell               Reference       Library             Area  Attributes  

---------------------------------------------------- -------------------  

U2                        AO22X1          saed90nm_typ    11.981000  

U3                        AO22X1          saed90nm_typ    11.981000  

U4                        INVX0           saed90nm_typ    5.530000   

gcc_out_reg[0]            DFFARX1         saed90nm_typ    32.256001 n  

gcc_out_reg[1]            DFFARX1         saed90nm_typ    32.2 56001 n  

-----------------------------------------------------------------------

---------  

Total 5 cells                                             94.003998  

1 

 

Synth_qor.rpt ï Contains summary information on the area , timing, critical paths 

violations in the design. You can take a look at this report to understand the overall 

quality of your design. Figure 4.f shows the example. As you can see in Figure 4.f , there 

is no negative slack in the design that means the design is meeting timing. 
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Figure 4.f :   Fragment of qor report 

 
  Timing Path Group 'ideal_clock1'  

  -----------------------------------  

  Levels of Logic:               2.00  

  Critical Path Length:          0.12  

  Critical Path Slack:           2.77  

  Critical Path Clk Period:      5.00  

  Total Negative Slack:          0.00  

  No. of Violating Paths:        0.00  

  -----------------------------------  

 

 

  Cell Count  

  -----------------------------------  

  Hierarchial Cell Count:           0  

  Hierarchial Port Count:           0  

  Leaf Cell Count:                  5 

  -----------------------------------  

 

 

  Area  

  -----------------------------------  

  Combinational Area:       29.492001  

  Noncombinational Area:    64.512001  

  Net Area:                  0.000000  

  -----------------------------------  

  Cell Area:                94.003998  

  Design Area:              94.003998  

 

 

  Design Rules  

  -----------------------------------  

  Total Number of Nets:             9  

  Nets With Violations:             0  

  -----------------------------------  

 

 

  Hostname:  hafez.sfsu.edu  

 

  Compile CPU Statistics  

  -----------------------------------  

  Resource Sharing:              0.00  

  Logic Optimization:            0.31  

  Mapping Optimization:          0.33  

  -----------------------------------  

  Overall Compile Time:          3.64  

 

1 

synth_timing.rpt - Contains critical timing paths 

 

You can see below an example of a timing report dumped out from synthesis . You can 

see at the last line of the Figure 7.f , this paths meets timing. The report lists the critical 

path of the design. The critical path is the slowest logic path between any two registers 
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and is therefore the limiting factor preventing you from decreasing the clock period 

constraint 

(and thus increasing performance). The report is generated from a purely static worst-

case timing analysis (i.e. independent of the actual signals which are active when the 

processor is running). In the example below, since itôs a simple gray counter, the crtical 

path is from the port to the register.  

Please note that the last column lists the cumulative delay to that node, while the middle 

column shows the incremental delay. You can see that the datapath is and Inverter, 

complex gate before it reaches the register which is 0.12ns. From our SDC constraints, 

we set 2ns delay on the input port. So, the total delay so far is 2.12ns.  Notice, however, 

that the final register file flip-flop has a setup time of 0.11 ns, the clock period is 5ns. 

Therefore 5ns-0.11ns=4.89ns, is the time before which the register should latch the data. 

The critical path delay is however only 2.12ns, so there is more than enough time for the 

path to meet timing.  
 

Figure 4.g: Fragment of Timing report  

 
Operating Conditions: TYPICAL   Library: saed90nm_typ  

Wire Load Model Mode: top  

 

  Startpoint: en_count (inpu t port)  

  Endpoint: gcc_out_reg[1]  

            (rising edge - triggered flip - flop clocked by ideal_clock1)  

  Path Group: ideal_clock1  

  Path Type: max  

 

  Point                                    Incr       Path  

  --------------------------------------------- --------------  

  clock (input port clock) (rise edge)     0.00       0.00  

  input external delay                     2.00       2.00 f  

  en_count (in)                            0.00       2.00 f  

  U4/QN (INVX0)                            0.02       2.02 r  

  U2/Q (AO22X1)                            0.10       2.12 r  

  gcc_out_reg[1]/D (DFFARX1)               0.00       2.12 r  

  data arrival time                                   2.12  

 

  clock ideal_clock1 (rise edge)           5.00       5.00  

  clock networ k delay (ideal)              0.00       5.00  

  gcc_out_reg[1]/CLK (DFFARX1)             0.00       5.00 r  

  library setup time                      - 0.11       4.89  

  data required time                                  4.89  

  ------------------------------ -----------------------------  

  data required time                                  4.89  

  data arrival time                                  - 2.12  

  -----------------------------------------------------------  

  slack (MET)                                         2.77  

 

synth_resources.rpt - Contains information on Design Ware components 

 
=> In the above example, the file will be empty since the graycounter 

did not need any of the complex cells.  
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****************************************  

Report : resources  

Design : graycount  

Version: X - 2005.09 - SP3 

Date   : Mon Mar  9 21:30:37 2009  

****************************************  

 

 

No resource sharing information to report.  

 

No implementations to report  

 

No multiplexors to report  

 

 

synth_check_design.rpt - Contains output from check design command, which is 

clean in the above example. 

 

 

Below is the gate-level netlist output of the gray counter RTL code after synthesis.  

 

Figure 4.h : Synthesized gate-level netlist 

 
module graycount ( gcc_out, reset_n, clk, en_count );  

  output [1:0] gcc_out;  

  input reset_n, clk, en_count;  

  wire   N8, n1, n4, n5, n6;  

  assign gcc_out[0] = N8;  

 

  AO22X1 U2 

( .IN1(gcc_out[1]), .IN2(n1), .IN3(en_count), .IN4(N8), .Q(n4) );  

  AO22X1 U3 ( .IN1(en_count), .IN2(n6), .IN3(N8), .IN4(n1), .Q(n5) );  

  INVX0 U4 ( .IN(en_count), .QN(n1) );  

  DFFARX1 \ gcc_out_reg[0]  

( .D(n5), .CLK(clk), .RSTB(reset_n), .Q(N8) );  

  DFFARX1 \ gcc_out_reg[1]  

( .D(n4), .CLK(clk), .RSTB(reset_n), .Q(gcc_out[1]),  

        .QN(n6) );  

endmodule  

 

 

4.2.3 Synthesis Script 

 

 
###### Synthesis Script #######  

 

## Give the path to the verilog files and define the WORK directory  

 

lappend search_path ../src/gray_counter  

define_design_lib WORK - path "work"  
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## Define the library location  

set link_library [ list 

/packages/process_kit/gen eric/generic_90nm/updated_Oct2008/SAED_EDK90nm

/Digital_Standard_Cell_Libr ary/synopsys/models/saed90nm_max .db  

packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/

Digital_Standard_Cell_Library/synopsys/models/saed90nm_typ.db  

packages/proce ss_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/

Digital_Standard_Cell_Libr ary/synopsys/models/saed90nm_min .db ]  

 

set target_library [ list 

/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm

/Digital_Standard_Cell_Libr ary/synopsy s/models/saed90nm_max .db ]  

 

## read the verilog files  

analyze - library WORK - format verilog gray_counter.v  

 

elaborate   - architecture verilog - library WORK  graycount  

 

## Check if design is consistent  

check_design  > reports/synth_check_design.rpt  

 

## Creat e Constraints  

create_clock clk - name ideal_clock1 - period 5  

set_input_delay 2.0 [remove_from_collection [all_inputs] clk ] ïclock 

ideal_clock1  

set_output_delay 2.0 [all_outputs] ïclock ideal_clock1  

set_max_area 0  

 

## Compilation  

## you can change medium  to either low or high  

compile - area_effort medium - map_effort medium  

 

 

## Below commands report area , cell, qor, resources, and timing 

information needed to analyze the design.  

 

  report_area > reports/synth_area.rpt  

  report_cell > reports/synth_cells .rpt  

  report_qor  > reports/synth_qor.rpt  

  report_resources > reports/synth_resources.rpt  

  report_timing - max_paths 10 > reports/synth_timing.rpt  

 

## Dump out the constraints in an SDC file  

 

  write_sdc  const/gray_counter.sdc  

 

## Dump out the synthesiz ed database  and gate leedl nedtlist  

  write - f ddc - hierarchy - output output/gray_counter.ddc  

  write - hierarchy - format verilog ïoutput  output/gray_counter.v  

 

 

## You can play with the commands or exit  

 

  exit  

 












































































































































