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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 anApplication Specific Integrated Circuit. An Integrated Circuit designed

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

include, chip designed for a satellite, chip designed for a car, chip designed as an
interface between memory and CPU &etc. Examp
include Memories, Microprocessors €lte following paragraphs Widescribe the types

of ASI Cbs.

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 Iscratc

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 Cel |l ASI Cb6s is that the designe
by using a predesigdeand pretested 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 giva 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 ahthe 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 seatns give a basic overview of CMOS Technology.

San Franciso State University Nano-Electronics & Computing Researchab 5



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 understar@VOS better, we first need to know about the MOS (FET)
transistor.

1.2 MOS Transistor

MOS stands for Metal Oxide Semiconductor field effect transist®S is the basic
element in the design of a large scale integrated circuit is the transistor. Iblgagev
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 mattarra manner

which permits transistors to be formed in the semiconductor material (the "“substrate");
The MOS transistor consists of three regions, Source, Drain and Tha&tesource and

drain regions are quite similar, and are labeled depending ohabtkey 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 terminalshe case of a P channel
device (PMOQOS), it is the more positive of the terminals. The area under the gate oxide is
called the ~ " channel 0. Below is figure of a

Figure 1.2a MOS Transistor

Gate Gate

oxide terminal
Drain Source
terminal T terminal

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

When there is no channel for med, the transi
voltage at which the transistor starts conducting (a channel begins to form between the
source and the drain) is calledabhold Voltage. The transistor at this point is said to be

in the oO0linear regiond. The transistor i s s
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
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CMOS technology is made up of both NMOS and CMOS transistors. Complementary
MetalOxide Semiconductors (CMOS) logic devices are the most common devices used
today in the high density, large number transistor count circuitgifouaverything 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 i@Engistdr
level. The complementary-ghannel and 4thannel transistor networks are used to
connect the output of the logic device to the eitheMgeor Vss power supply rails for a
given input logic state. The MOSFET transistors can be treated as swifilbes. 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) torgtavhen the input is
logic high. The output load capacitor gets discharged and the output is driven to a
|l ogic606. The PMOS transi st orpppo@d supplyr ovi des
rail when the input to the inverter circuit is logic low. The outlmatd capacitor gets
chargedto¥yp. The output is driven to | ogic 061606.
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 obdnnecting wires and also input
capacitance of the Fan out Gates.
A In 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 PMAQSr ansi st ors i s 6hol esd and c
are electrons. The mobility of electrons 1is
the output rise and fall time is different. To make it same, the W/L ratio of the PMOS
transistor is made abotwice that of the NMOS transistor. This way, the PMOS and
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NMOS transistors wild.@ have the same o6drive
l ength 6LO6 of a transistor is always constar
different drive stragths 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 | Cb6s

The big percentage of power di ssipation in
dischargingof capacitorsMajority 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
A A low to high output transibn draws energy from the power supply
A A high to low transition dissipates energy stored in CMOS transistor.
A Given the fr eq u-bighdrgnsitiors,othe totalf powerndeawnl o w
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. ReverseBias Diode Leakage on Transistor Drains: This happens in
CMOS design, when one transisisroff, 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 VD. Therefore there is a drain i bulk voltagei VDD,
causing the diode leakage current.
b.SubThr eshol d Leakage through the channe!

1.4 CMOS Transmission Gate

A PMOS transistor is connected in parallel to a NMOS&distor 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 transi s
transistor transmit s usingaffranemissiondGatéare: The advan
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, anelementwhich stores a logic valugby having a éedback loopis called a
sequential element. A simplest example of a sequential element would be two inverters
connected back to backhere are two types of basic sequential elements, they are:
1. Latch: The two inverters connected back to back, when adedeto a
transmission gate, with a control input, forms a latch. When the control input is
high (logic 616), the transmission gate
was at the input 0D6 passes to the outp
transnission gate is off and the inverters that are connected back to back hold the
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D‘f

val ue. Latch i1 s called a transparent
output also changes accordingly.

™.
L

L %

o
<

Figure 1.4a Latch

2.

edge,

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 &d to the input of the slave latch transmission gate.

a. Whenthe clock input is high, the transmission gate of the master latch is
switched on and the input o6D6 is |
to back (basically master latch is transparentsoAldue to the inverted
clock input to the transmission gate of the slave latch, the transmission

| at «

at ct

gate of the slave |l atch is not d6édond an

b. When the clock goes low, the slave part of the flip flop is switched on and
will update he 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 agalme walue at the output of

the slave |l atch is stored and stepbabd

The data latched by the Master latch in the flip flop happens at the rising clock
this type of flip flop is called positheglge triggered flip flop. If the@atching

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

flop.

D—

CLK

Master — T Slave

Y
Y

L] ?

A
A

™S
L

Figure 1.4b Flip-Flop
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Overview of ASIC Flow

2.0 Introduction

To design a chip, one needs to havd dea about wat 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.

Specificationsare nothing but

1 Gods and constraints of the design.

1 Functionality (what will the chiglo)

1 Performance figures like speed and power

1 Technology constraints like size and space (physical dimensions)

1 Fabrication technology and design techniques

The next step is in the flow is to come up with tBuctural 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 de
To make it easier to design a complex system; it is normally bro&em 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 systemsemefined, 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). Basicallythe 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 Languagés.hardware description
languaggHDL) is a language used to describdigital system, for example, a network
switch, a microprocessor or a memory or a simpleffip. This just means that, by
using a HDL one can describe any hardware (digital) at any |Buektional/Logical
Verification is performed at this stage to emsthe 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 (Synopsiast Create (Magma), RTL Compiler
(Cadence) etc... A synthesis tool takes an RTL hardware description and a standard cell
library as input and produces a g#eel netlist as outpuStandard cell library is the
basic buil di ng b lIndConstraiht®such taisttichingy abes, testdbilityl e s i ¢
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 consiirats, target processlhe resulting gatéevel 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 doingimulation.

The next step in the ASIC flow is th#hysical 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. Thetlagydesigned 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 plannir@lacement-Routing. The file produced at the output

of the Physical Implementation is ti@&DSII 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 (Cadefic Et c é Physi c al Ver i fi
to verify whether the layout is designed according the rules.

Figure 2.a : Simple ASIC Design Flow

Idea

l

v

Specifications

l

v

RTL

Gate Level Netlist

Physical
Implementation

|

GDSlI

CHIP
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For any design to work at a specific speed, timing analysis has trfoenped.

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 checkingsiiga dear all
possible timing violations for example; set up, hold timing.

After Layout, Verification, Timing Analysis, the layout is ready Fabrication. The
layout data is converted into photo lithographic magier fabrication, the wafer is
diced into individual chips.EachChip 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 dely 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.

Thereare 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 lesntpe
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 usedhigable 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 conguileé simulate a

counter. For basiconcepts on verification and tds¢nch please refer tdPPENDIX 3A

at the end of this chapter.

SETUP

Before going to the tutori al Example, | etbs
You need to do the below 3 steps before you actually run the tool:

1. Ason as you | og

i n
fas shown bel ow. Thi
work ONLY in c-shell.

our engr account, at
h a-shelleAd tha chnemanndy pe of s
[hkommuru@hafelibcsh

2. Please copy the whole directory frore tielow locatior{cp 1 rf sourcedestination

[hkommuru@hafelibcd
[hkommuru@hafez |$ cpf /packagesynopsys/setup/asic_flow_setup .

This aeates directory structure as shown below. It will create a directory called
Aasi c _f |ooundersviid iticpeates the following directories namely
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asic_flow_setup

src/ : for verilog code/source code
vcs/ :for ves simulation
synth_graycountef : for synthesis
synth_fifo/ : for synthesis

pnr/ : for Physical design
extraction/: for extraction

pt/: for primetime

verification/: final signoff check

Thefasi c _f lodivectwyewillucontain all generated content includingCS
simulation,synthesized gatkevel Verilog, and final layout. In this course we will always
try to keepgenerated conteritom the toolsseparate from our source RTL. This keeps
our project directories well organize@nd helps prevent usoim unintentionally
modifying the source RTL. There are subdirectoriestle project directory for each
major step in the ASIC Flow tutotia These subdirectories contain scripsd
configuration files for running the tools required for that stethantool flow. For this
tutorial we will work exclusively in the/csdirectory.

3. Pl e a sywmopsy® setuiglee Viihi ¢ h s e tnsnenavarlables heeessarm vi r o
to run the VCS tool.
Pleasesource 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 Avcso directory, compil e the
machine prompt.

[hkommuru@hafezos]$ cd asic_flow_setup/vcs
[hkommuru@hafezos]$ cp ../src/counter/* .
[hkommuru@hafez vcs]$ vies main_countef.+v2k

Please note that thid 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 listedtl. fithe below command also

will have same effect .

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

The +v2k option is used if you are using Verilog IEE 1:2600 syntax; otherwise there
is no need for theption. Please look at Figure 3a output of compile command.

Figure 3.a: vcs compile

Chronologic VCS (TM)
Version B2008.12-- Wed Jan 28 20:08:26 2009
Copyright (c) 19942008 by Synopsys Inc.
ALL RIGHTS RESERRD

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 capabities 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
TimeSaleis 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-m32-0 -l/packages/synopsys/vcs_m2B08.12/include -c -0 rmapats.o rmapats.c
if [ -x ../simv ]; then chmoek ../simv; fi
g++ -0 ../simv-melf i386-m32 5Nrl_d.o 5NrIB_d.o IV5q_1 d.o bIOS 1 d.o rmapats_mop.o rmapats.o
SIM_l.o /packages/synopsys/ves_miB8.12/linux/lib/libvirsim.a /packages/synopsys/vcs_mx/B
2008.12/linux/lib/libbterrorinf.so /packages/synopsys/vcs_m2M8.12/linux/lib/libsnpsmalloc.so
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/packages/synopsys/vcs _m2@08.12/linux/lib/libvesnew.so /packages/synopsys/vcs-mx/B
2008.12/linux/lib/ctypestubs_32.aldl -1z -Im -Ic -IdI
../simv up to date

VirSim B2008.12B Virtual Simulator Environment
Copyright (C) 19922005 by Synopsys, Inc.
Licensed Software. All Rights Reserved.

By default theoutput of compilation would be executable binary file isamedsimv.
You can specify a different name witretto compiletime option.

For example :
vcsi f main_counter.f +v2k o counter.simv

VCS compiles thesource code on a module by module ba¥msu can incrementally
compile your design with VCS, since VCS compiles only the modules which have
changed sinethe 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)Bountersinv

Please see Figure J3dr output of simv command

Figure 3.b Simulation Result

Chronologic VCS simulator copyright 192008
Contains Synopsys proprietary information.
Compiler version B2008.12; Runtime version-B008.12; 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, re=t=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, &=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, ¢=0110
All tests completed sucessfully

$finish called from file "counter_tb.v", line 75.
$finish at simulation time 171.0 ns
VCS Simulation Report
Time: 171000 ps
CPU Time: 0.020 seconds; Data structure si@eDMb
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 stefPlease take a look at the command below:

[hkommuru@hafez vesps-V -R -f main_counter.fo simv

In the above command,

-V : stands for Verbose

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

-0 : autput 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 tutoria
steps to simulate and compile.

3.2 DVETUTORIAL

DVE provides you a graphical user interface to debug your ddsgyng DVE you can
debug the design in interactive mode or in postprocessing mode. In the interactive mode,
apart from running theimulatian, DVE allows you to do the following:

A View wavefor ms

A Trace Drivers and | oads

A Schemati c, and Path Schematic view

A Compare wavefor ms

A  Execute UCLI/ Tcl commands

A Set line, time, or event break points
A Line stepping
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However, in posprocessing modex VPD/VCD/EVCD file is createduring simulation,
and you use DVE to:

A View wavefor ms

A Trace Drivers and | oads

A Schematic, and Path Schematic view
A Compare wavefor ms

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

[hkommuru@hafez vcginvi gui

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

A A pane can be displayed @aves atspecfie debug e ach
purpose. Examples of panes blierarchy, Data, and the Console panes.

A A wan bawe multiple instances per TopLevel wind@xamples of views are

Source, Wave, List, Memory, arfsichematic.Panes can be docked on any side to a
TopLevel window or leffloating in the area in the frame not occupied by docked panes

(called the worksace).

You can use the above command or you canederything, whichis compile and

simulation, open the gui in one step.

1. Invoke dve to view the waveform. At the unix prompt, type :
[hkommuru@hafez vespes-V -R -f main_counter.fo simv -guiidebug 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 simulatidime below window will open up.
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i e t Iae Wind

o File Ed Help e

I 0 x10ps - [se® o i mex | a] Jealls]  cvmmmmes||cs] El
IR j’fbd>“§}oti§§§§}%®m!l"sa'E'Mh aaaaaelaeaa J

E]
'P ]FFE 1 // This stuff just sets up the proper time scale and format =
for the

// simulation, for now do not modify.
“timescale 1lns/10ps
module timeunit;

Sim
Hierarchy | [Type
«fkcounter_t... Module

1 timeunit (... Module

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

// Here is the testbench proper:
0 ®module counter testbench (

w1 Ul W N

’

;I
o 151|7 Goto = |[/Users/students/hkommuru/project.new/ves/counter_tb.v 4 ¥ Beuse
timeunit i Data.1[counter_tb.v|
A vcs Build Date = Nov 16 2008 20:44:18 B

Start run at May 24 12:12 2009
VCD+ Writer B-2008.12 Copyright 2005 Synopsys Inc.

\Log /History/

| dves [
Ready

Ll

o timeunit= stopped: = Ops

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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o File Edit View Simulator Signal Scope Trace Window Help =181x
I 0 x10ps - |se® & nex ® a el crammne s+ et
e gaEm-8-»-28-[:aa [ecacldlead] [
* jili’)'
Hierarchy | [Type Va”ﬁ(ble |Yalue |JV3_’F’9P I
“@counter_t.. Module | “¢ , ) W!re(PorI ln)
B n dut (cou... Module |l restes.o ) 5 |re$:> ort On)t
‘gtimeunit (.. Module | *°Uull3:0] - Gd(Pertut)
+~next[3:0] ® Wire
| | »]
ounter_testbench.dut || m Data.1 {mcounter_tb.v|
A" vcs Build Date = Nov 16 2008 20:44:18 H
Start run at May 24 12:12 2009
VCD+ Writer B-2008.12 Copyright 2005 Synopsys Inc.
\Log /History/ ~
dve> |
o = stopped:
0 DVE - TopLevel.1 - [Hier.1] (on hafez.sfsu.edu) (=JE)x]
o File Edit View Simulator Signal Scope Trace Window Help ST
[ 17100 x10ps - |[ze®| s e x| = af Y| crmumme @3 El
|plsc|ec]|rtasos|canm-n-w-ap:aa [aaaala]aaal E
Sim v% 5 lﬂ = :]I:I:;
Hierarchy  |Type Va”ﬁ(ble |yalue I\‘AI'/\{peP |
~Gcounter_t... Module "Hr:eset - FUEGOMEEEup (Bra W::zngg I:;
§m dut (cou... Module |§ . Simulator executable:
‘gtimeunit (... Module | 0utl3:0] > Reg(Port Out)
wrnext[3:0] | | | rowse Wire
Simulator arguments:
v 7
Interactive VPD file:
|inter.vpd rrowse
Current directory:
|ts/hkommuru/project.new/vcs rowse
= Start the simulation
4 I 5 r Enable periodic waveform update
ounter_testbench.dut -||m Data.1 [=c Beset| [ OK | Cance| Apply| Cips >
" vcs Build Date = Nov 16 2 o H
Start run at May 24 12:22 2009
VCD+ Writer B-2008.12 Copyright 2005 Synopsys Inc.
=
\Log AHistory/
dves> [
Ready o = stopped: | Ops ElEEFE
3. I n this window, click on ASetupo wunder

will open up as show Inter.vpd is the file, the simulator will use to run the waveform.
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Theidebug_pp option in stepl 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 sigrwith 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 AAdd to gr
open up showing a new group of selectmphals below.

- BVE" PR P[Data A (on harez erotedm)|
o File Edit View Simulator Signal Scope Trace Window Help B
| 17100 x10ps - [se® & | =@ & a anls] um(”,{;,&,‘v,;pui,;| Bl 1‘
|pls+|ce|rtsaceonnm-B-0-a8-||taa |aanaldeaa J
AT B
sim [ J-J5 i
Hierarchy |Type Variable Value Type-
~gcounter_t... Module | ) s
B udut (cou... Module ;
: . .0 0 B Reg(Port O
Etimeunit (... Module -
Rl | 2]
ounter_testbench.dut -||m Data.1 |z counter_tb.v
4 vcs Build Date Nov 16 2008 20:44:18 |
Start run at May 24 12:29 2009
VCD+ Writer B-2008.12 Copyright 2005 Synopsys Inc.
=
\Log /History/
Uldves |
= stopped: Ops

You can create any nhumber 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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- T —
o File Edit View Simulator Signal Scope Trace Window Help
| 17100 x10ps - |see o4 ex & u L

E BEE-0-s-0E- L. ’ﬂ,j‘;‘ir;"

E
Sim 'I* "TLI Signal Groups

Hierarchy . |Type

-ficounter_t... Module
mdut (cou... Module

-Etimeunit (... Module

(=&

|

-8
CTPRBBBRS H+ $I _Jl 1 ‘

f::H\En £ 3 8

=N j
Variable Value Type

8- clk Wire(Port In)

-o-reset 3 Wire(Port In)
+o0ut[3:0] > Reg(Port Out)
«n-next[3:0] 3 Wire

Ei=4 ¢

- eclk
. -oreset
- =20ut[3:0]
=nnext[3:0]
+Group2

~New Group

< {5 |
ounter_testbench.dut || Bevert| Apply | |=Data1 [Scounter th]

VCS Build Date = Nov 16 2008 20:44:18 H
Start run at May 24 12:29 2009
VCD+ Writer B-2008.12 Copyright 2005 Synopsys Inc.

\Log fHistory/

| dves | |
o = stopped: Ops

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, CaMew cwawe& wine wicAdd A
waveform window will open with simulator at Ons .

(= VL 2 WaVETT(On HarE EHEE
j® File Edit View Simulator Signal Scope Trace Window Help JSIETES
[ 0 xiops - [zee & i ®x ® 4 desls]  Beawmunsa |3[Any Edged] 1)

o

|a=|jrtaeos|paas-0- -2 o |eeas djace |

i j :\:j £3
Name Value
=|{Group2
~o-clk NA
~o-reset NA
=20Ut[3:0] NA
+nnext[3:0] NA
~New Group

0...1...,11000...12000...13000...14000...15000...16000Q...17000...18000...19000Q...,
Pl 7l g

J
@ Wave.1

Ready o | N/A| Ops s
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6. In the waveform windowgot o A Sr mmeauoopti ono .Ehatdol cl i ck o
now does simulation and you can verify the functionality of the design as shown below.

s File Edit View Simulator Signal Scope Trace Window Help -8 xi
[ 17100 xiops -|[ze® 8| & = 4 oan]s] SREnmnes [£5[Any Edget] 1]
UD‘, ’ﬂfww«;:z ﬂ’%%‘HEﬁE'EV'ZT' 5@ e | )| @l
: il
Name Value
+/Group1 )
~e-clk St |
~o-reset SO |
=20Ut[3:0] 4'h6 || -
| eout[3] St0 | |
- -eout[2] St
- ~=out[1] St
- =o0ut[0] StO
=nnext[3:0] 4'h7 Y A
HEIAIIR 0...1....12000....14000....16000. ...18000. .. 10000... 12000... 14000... 1600

=

Ready @

o terminated: timeunit The simulator is not active: N/A. RSz

In the waveformwindow, the menu option ViewA SetTime Scale can be used to
change the display unit and the dispbegcision

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

session again. In the menu option , AjeSave Session, the below window opens as
shown below.
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O DVE - TopLevel.1 - [Data.1] (on hafez.sfsu.edu) =]l E
o File Edit View Simulator Slgna| Scope Trace Window Help ]
S S A X | A" I _J ke I RO G ||+ ’_\
= - Saveisessioniontharezstsued)) IE
Sim_| Save database option Look in: project.newives/=| ¢ @ & = = I
Hierarch | ¥ Save open database information b
-mcount|  Path option: Full Paths v —'bVEfiIes
Save window option jgﬁ;cv daidir .
s File Edi All windows D session.inter.vpd.tcl =
————  c Toplevel window: | Toplevel 2
| 17100 Edge-| 1
i c Single view: Hier.1 e li

m— | Only global definitions

x Save global definitions
Name | | ® Breakpoint = Bus definiti
~/Groupf d

oclk || ®]

Hes%t[er ~ Signal grolps HIERENERIsession.inter.vpd.tcl Save | »
=o0ut[d

~oul Tips>> File type: [DVE Session Files (*.t¢| Cancel|
20U = A
=0ut[1]
=0ut[0]
+nnext[3:0]
New Group

i 3]

Wave.1

0. 1012000, .14000....16000. .. .18000. ... 10000, .. 112000.. . 14000... 160

@ o terminated: timeunit| The simulator is not active: N/A. ElEmEF

8. For additional debugging stepsyou can go to menaoption
1. Scope”A Show Sourceode:You can view your source code here and analyze.
2. Scopeh ShowSchematicYou can view a schematic view of the design .

=3 DVE = Toplieveld = [5ch T Counter B hrdut] (on hafezsfstuedin)

=)
= File Edit View Simulator Signal Scope Trace Window Help 181
17100 x10ps ~|[zs® & | m@ < & s e+ s |_‘
Vﬁ‘; [ soss | EEBEE-A-s-EE-saadaaaa ~[m @r______]

E =

Sim  [-|” | B
Hierarchy |Type

-fkcounter_t... Module

mdut (c Module

Ztimeunit (... Module

{next

*p0@14 out[
Edclk

next

clk

<l (03 | )

punter_testbench.dut -|[mData.1 | mcounter.v & ...ter_testbench.dut |
x|

iter B-2008.12 Copyright 2005 Synopsys Inc. |
db file '/packages/synopsys/vcs_mx/B-2008.12/gui/dve/libraries/syn/vcs.sdb’
db file '/packages/synopsys/vcsimX/B72008.12/gui/dve/libraries/syn/generic.Sdb'Jj

i |
‘Log AHistory/

Aszns

Click objects or drag a box to select (Hold Ctrl to add, Shift to remove) = stopped:  Ops EE:E
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9. Adding Breakpoints in Simulation. To be able to add breakpoints, you have & use
additional compile optioindebug_alli flag when you compile the code as shown below.

[hkommuru@hafez vcs]$cs -V -R -f main_counter.f-o simv -gui idebug_pp -
debug_all flag

Go to the menu option, Simulatién Breakpoints , will open up a newndow as shown
below You need to do this before Step 6, i.e. before actually running the simulation.

DVE - TopLevel.1 - [Schematic.1 counter_testbench.dut] (on hafez.sfsu.edu)

a F|Ie Edit View Simulator Signal Scope Trace Window Help

| 17100 x10ps -j;@@\é\ Lt 7& pRBORGS <3 ]_\

[=)e)x

B+ ‘ ‘ BE-B-w-Z 0

Sim
Hierarchy | [T

~Bcounter_t... M

“Btimeunit (... M

-

Define << x| Enable All| Disable All| Delete All| !

Line [Time | Signal | Assertion | Task/Function |

Break in file: |counter_tb.v Browse..|atline:[30 2]

Break in instance: ]

Condition (optlonal

Frequency Name: Command:
<«
unter testbench cOnce < Repeat ‘Skip: 0 r Continue ~ Quiet
Wl o 500 Create| Update| Clear | =
db file - ies/syn/ves.sdb!
db file Close | Tips >> ies/syn/generic.sdb'ﬁ
| I >
\Log MHistory/
Ao Asias
Click objects or drag a box to select (Hold Ctrl to add, Shift to remove) B stopped:
You can browse which file and also the

create breakpoints.

Now when you simulate, click on Simula#g 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;

/I This statement implements reset and increment
assign next = reset ? 4'b0 : (out + 4'b1);

/I This implements the flip - flops
al ways @ ( posedge clk ) begin

out <= #1 next;
end

endmodule // counter

File : Counter_tb.v [ Test Bench]
/I This stuff just sets up the proper time scale and format for the
/I simulation, for now do not modify.
“timescale 1ns/10ps
module timeunit;
initial $timeformat( -9,1," ns",9);
endmodule

/I Here is the testbench proper:
module counter_testbench () ;
/I Test bench gets wires for all device under test (DUT) outputs:
wire [3:0] out;
/I Regs for all DUT inputs

reg clk;
reg reset;

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

/I Outputs

.out (out[3:0]),
/I Inputs

.reset (reset),
.clk (clk));

/I Setup clk to automatically strobe with a period of 20.
always #10 clk = ~clk;

initial
begin
/I First setup up to monitor all inputs and outputs

$monitor ("time=%>5d ns, clk=%b, reset=%b, out=
reset, out[3:0]);
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because

end

/I First initialize all registers

clk = 1'b0; /I what happens to clk if we don't
/I set this?;

reset = 1'b0;

@(posedge clk);#1; [/ this s ays wait for rising edge
/I of clk and one more tic (to prevent
// shoot through)

reset = 1'b1;

@(posedge clk);#1;
reset = 1'b0;

/I 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;

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

/l 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

/I We got this far so all tests p assed.
$display("All tests completed sucessfully \ n\ n");

$finish;

/I 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 Langua@t#DL). A hardware descriptiondnguage is

a language uskto describe a digital system example Latches;Hiyps, Combinatorial,
Sequenti al El ements etcé Basically you <can
system.One can design a digital system in Verilaging any level of abstraction. The

most important levels are:

1 Behavior Level: This level describes a&ystem by concurrent algorithms
(Behavioral). Each algorithm itself is sequential, that means it consists of a set of
instructions that & executed oneftar the other.There is no regard to the
structural realization of the desigbkx ampl e (Use of 6al ways®o
Verilog).

1 Reqgister Transfer Level (RTL): Designs using the Regist&€ransfer Level
specify the characteristics af circuit bytransfe of data between the registers,
and also the functionality; for example Finite State MachiAasexplicit clock is
used. RTL design contains exact timing possibikiyd data transfes scheduled
to occur at certain times.

1 Gate level: The system is desbed in terms of gates (AND, OR, NONAND
etcé). The signals can have only these fo
Gate Level design is normally not done because the output of Logic Synthesis is
the gate level netlist.

Verilog allows hardware desigrs to expressieir designs at the behavioral level and not
worry about thedetails of impémentation to a later stage in thesgjnof the chip. The
design normally is written in a tegown approach. The system has a hierarchy which
makes it easier toetbug and design. The basic skeleton of a verilog module looks like
this:

module example (<ports >);

input <ports>;

output <ports>;

inout <ports>;

# Datatype instantiation
#reg datatype stores values
reg <names>;

#Wire datatype connects two differepins/ports
wire <names> ;

<|nstantiation>
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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 lomevel module is called module instanceEach 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 withithe current module) and a port connection list.

NAND N1 (inl1, in2, out)
INV V1 (a, abar);

|l nstance name in the above example is ON1
connection list consists of the terms in open and closed bracket ( ). The module p
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 irssttiate the ports:

1. Port Mapping by name : Dondét have to fol
Example:

INV V2 (.in (@), .out (abaj);

2. Port mapping by order: Dondét have to spe

Example:
AND Al (a, b, aandb);

| f 6ab6 armme dmpluarmse and daandbd is the
mentioned in the same order as shown above for the AND gate. One cannot write
it in this way:

AND Al (aandb, a, b);

It wi || consider O6aandbdé as the input and

Example Verilog Code D Flip Flop
module dff (d, clk, g, gbar)

input d, clk;

output q;

always @(posedge clk)
begin

g<=d;

gbar = !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
mentionedearlier, 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 eveything 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 dependdntasks 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, furtons 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 Oal way ssbéon the o c k
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 yschronous 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 verytadido verify the logic designed. At the front end,
this is done through simulation. In verilog, test benches are written to verify the code.
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This topic deals with the whole verification process. Some basic guidelines for writing
test benches:

A Test benchnstantiates the top level design and provides the stimulus to the design.

A Inputs of the design are declaredoas eypedThe 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
assiged a value in an always or initial block, and is used to apply stimulus to the inputs
of the Device Under Test.

A Outputs of design declared aswi type.0rhe wire type is a passive data type that
holds a value driven on it by a port, assign statemenme@rtype. Wires can not be
assigned values inside always and initial blocks.

A Always 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
moduk at the start of simulation. An example of an initial block is shown below

reg clk_50, rst_I;

initial

begin

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

clk _50 = 16bo0; // at time 0

rst_| = 0; // reset is active

#20 rst_| = 16b1l,; [/ / atseresetme 20 rel ea
end

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

bet ween the fAbegin end pairo each | ine exert
reached. When a delay is reached, the execution of this blaitk wntil 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 type$0lland rst_| to 0 at time O.

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

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

of simulation and causes a reset pulse fimmto high for 20 ns in a simulation.

A Some system tasks are called. These system tasks are ignored by the synthesis tool, so
it is ok to use them. The system task vari al
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 pointia tode. 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
$Dumpvar, $Dumpfile: This dumps all the variables in a design to a file.
You can dump the values at differgmints in the simulation.

-
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A Tasks 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 examopéetask is below

task load_count;

input [3:0] load_value;

begin

@(negedge clk_50);
$display($time, " << Loading the counter with %h >>", load_value);
|l oad | = 16b0;
count_in = load_value;
@(negedge clk_50);

l oad_ | = 16b1;
end

endtask //of load_count

This task takes one-Hit input vector, and at the negative edge of the next clk_50, it starts
executing. It first prints to the screen, drives load_| low, and drives the count_in of the
counter with the load_value passed to the task. At the negative eclge5fs, the load_|

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.

A The compile directive "timescale:
6ti mescale 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 sutator 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.

A Verilog Test benches use a standard, which contadeseription 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 kmewn as Verilog procedural
interface (VPI);

A Before writing the test bench, it is important to understand the design specifications of
the design, and create a list of all possible test cases.

A You can view all the signals and check to see if the sigalaleg are correct, in the
waveform viewer.

A When designing the test bench, you can byeakts 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 themp}to

A To 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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A Coverage 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 Coveragelt is the percentage of coverage, that checks to
see if every sequence of the state transitions that are covered.

d. Regression Test SuiteThis typeof 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 ofethe
code.

Goals of Simulation are:
1. Functional Correctness: To verify the functionality of the design by verifies
main test cases, corner cases (Speci al CO
2. Error Handling
3. Performance

Basic Steps in Simulation:
1. Compilation During compilationthe 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 zeated and executed.

3.B.1 Test Bench Example:

The following is an example dad 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)
curent_state <= 2'b00;
else
current_state <= next_state;
end

always @ (current_state or sm_in)

begin
/I default values
sm_out = 1'b1;

next_state = current_state;
case (current_state)
idle:

sm_aut = 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:;

/I parameter declaration section
...

parameter idle_state 2'b00;
parameter read_state2'b01;
parameter write_stat= 2'b11,
parameter wait_state2'b10;

/ testbench declaration section
reg [500:1] message;

reg [500:1] state_message,;
reginl;

reg clk;

reg reset;

wire data_mux,;

/l instantiations
state_machine #(idle_state,
read_state,
write_state,
wait_state)st_mac (
.sm_in  (inl),
.sm_clock (clk),
reset (reset),
.Sm_out (data_mux)

);

/I 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

/I clock declaration
initial clk = 1'b0O;
always #50 clk = ~clk;

I/ 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_inl_to;

input a;

begin

messge = "change inl task”;
@ (posedge clk);

inl =a,

end

endtask

/I main task calling section
initial

begin

message = "start";
reset_cct;
change_inl_to (1'b1);
change_inl_to (1'b0);
change_inl_to (1'bl);
change_inl_to (1'b0);
change_inl_to (1D;
@ (posedge clk);

@ (posedge clk);

@ (posedge clk);
$stop;

end

endmodule
How do you simulate your design to get the real systebehavior?

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

1. FPGAImplementation: Speeds up verification and makes it more comprehensive.

2. Hardware Acceleratoi:t i s not hing but a bunch of FP
a box. During compilation, it takes the part of the code that is synthesizable and
maps it onto FPGAAI 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 andiligm 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
nonsynthesizale code, if the amount of interaction between the codes,
lesser the better.

Desgn 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 drdware 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 resultingutput would be a technology dependent gatelnetlist. The gate
leveknetlist 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
arelisted 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] translateRThedescription
to components extracted from the technology library and DesignWare library. The
technology library consists of basic logic gates andflips. The DesignWare library
contains more complex cells for example adders and comparators whibe cesed for
arithmetic building blocks. DC can automatically determine when to use Design Ware
components and it can then efficiently synthesize these components intlevgate
implementations.
2. Reads the RTL hardware description written in eithenilyg/VHDL.
3. The synthesis tool now performs many steps including-leig RTL optimization,
RTL to unoptimized Boolean logic, technology independent optimizations, and finally
technology mapping to the available standard cells in the technologyylitknown as
target library. This resulting gatevelnetlist also depends on constrains given.
Constraints are the designerods specification
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/elalBorateset
timing constraints, synthesize to gates, and report various QOR reports [timing/area
reports etc]Please refeto APPENDIX sA: Overview of RTLfor more information.
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4. After the design is optimized, it is ready for DFT [design for test/ teshasgis]. 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 tutori@esign for Test
for more information.
5. After test synthesis, the design is ready for the plade@ute tools. The Place and
route tools place and physically interconnect cells in the design. Based on the physical
routing, the designer can baaknotate the design with actual interconnect delays; we
can use Design Compiler again to resynthesize #wgd for more accurate timing
analysis.

Figure 4.a Synthesis Flow
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While running DC, it is importanto monitor/checkthe log files, reportsscriptsetc to
identity issues which mightffect the area, power and performaméehe 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 yagetamore
information on the 90nm Standard Cell Library, Design Compiler, Design Vision, Design
Ware Libraries etc.

4.1 BASIC SYNTHESIS GUIDELINES

4.1.1Startup File

The Synopsys synthesisotowhen invoked, througbesign compiler command, reads a
startp file, which must be present in the currendrking directory. This startup file is
synopsys_dc.setudile. There should be twatartup files present, one in the current
working directory and other in the root directary which Synopsys is installed. The
local startup file in the current working directasiiould be used to specify individual
design specifications. This file does not con@@sign dependent data. Its function is to
load the Synopsys technology independieméries and other parameterdieluser in the
startup files specifies the design dependdgit. The settings provided in the current
working directory override the ones specifiedhin root directory.

There are four important parameters that should be setup before one can start
usingthe tool. They are:

Asearch_path

This parameter is used to specify the synthesis tool all the paths that it skatutt
when looking for a synthesis technology library for reference dsynthesis.
Atarget_library

The parameter specifies the filatttontains allite logic cells that should used for
mapping during synthesis. In other words, the tool during synthesis ndaggya to the
logic cells present in this library.

Asymbol_library

This parameter points t @ linddrreation ondhe bbgicy t hat c o
cells in the synthesis technology library. All logic cells have a symbagicesentation
and information about the symbols is stored in this library.

Alink_library

This parameter points to the library that contains informatio the logic gates itne
synthesis technology library. The tool uses this library solely for referenc®ésiinot
use the cells present in it for mapping as in the case of target_library.

An example on use of these four variables frosyaopsys_dwsetupfile is given below.
search_path = nA. [/ synopsys/libraries/syn/cel
target_library = class.db

link_library = class.db

symbol_library = class.db

Once these variables are setup properly, onersarke the synthesis tool at the

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

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

Design It corresponds to the circuit description that performs some logical functien.
design may be starmlone or may include other sdesigns. Although sublesign may

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

Cell: It is the instantiated name of the sdésign in the ésign. 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 instaeiezs.

For e.qg., a leaf cell in the netlist must be referenced from the link libr&ighwontains

the functional description of the cell. Similarly an instantiated-dsegdign mustbe
referenced in the design, which contains functional description of the instantiated
subdesign.

Pots These are the primarywignnnputs, out
Pin: It corresponds to the inputs, out
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 taleather.

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 usaohg shellcommands.

Library: Corresponds to the collection of technology specific cells that the design is
targding for synthesis; or linking for reference.

or

put s
puts o

Design Entry

Before synthesis, the design must be enteredtive Design Compiler (referred to as DC
from now on) in the RTL formt. DCprovides thdollowing two methods of design
entry:

read command
analyze & elaboratecommands

Theanalyze & elaboratecommands are two different commands, allowing designers to
initially analyze the design for syntax errors and Rifanslation before building the
generic logic for the design. The generic logic or GTECH comapts 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 inspleeifieddesign
library that maybe used later. So a design analyzed once need not be aaghmadd
can be merely elaborated, thus saving time. Conversag commandperforms the
function of analyze and elaborate commands but does not store #realzed results,
therefore making the process slow by comparison.
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Parameterized designs (such as usaggepéricstatement in VHDL) must usanalyze

and elaborate commands in order to pass required parameters, \elalgorating the
design. Thaead commandshould be used for entering pgempileddesigns omnetliss

inDC .

One other major difference between the two methods is thandlyze and elaborate
design entry of a design in VHDL format, one can specify diffeaectitectures during
elaborationfor the same analyzed design. This option is not availabléhe read
command.

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

Read command:

dc_shell>readi format <format> <list of file names>

fif or mat 6 opti on s pcehctheihputdileisinle.g. VIDLr mat i n whi
Sample command for a reading fiadder.vhdo fi

dc_shell>readi format vhdl adder.vhd
Analyze and Elaborate commands:

Or

dc_shell>readi format verilog adder.v
Analyze and Elaborate commands

dc_shell>analyzeformat <format> <list of file names>

dc_shell>elaborate <.synfilesar c h A <ar c hpiatreacm ufir<ep aroamet er >0
.syn file is the file in which the analyzed information of the design analyzed is stored.

e.g: The adder entityinthedad r . vhd has a generic parameter
specified while elaboration. The architectur
The commands for analyze and elaborate are as given below:

dc_shell> analyzeformat vhdl adder.vhd

dc_shell>elaborate adderia r ¢ h  fippaerhadbm A wi dt h = 320

4.1.3Technology Library

Technology libraries contain the information that the synthesis tool neapsévate a
netlist for a design based on the desired logical behavior and constraintsdasitire

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 inpbutput timing of the cell, an
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.

Thetarget_library, link_libra ry, andsymbol_library parameters in thstartup file are
used to set the technology library for the synthesis tool.

The Synopsys® .lib technology library contains the following information

AWire-load models for net length and data estimation. \iael models available ithe
technology library are statistical and hence inaccurate when estimating data.
AOperating Conditions along with scalingfactors for different delay components to
model the effects of temperature, process, and voltage on thendelers.

ASpecific delay models like pieagise linear, noflinear, cmos2 etc. for calculation of
delay values.

For each of the technology primitive cells the following information is modeled
Alnterface pin names, direction and other information.

A Funcional descriptions for both combinational and sequential cells which can be
modeled in Synopsys®

APin capacitance and drive capabilities

APin to pin timing

AArea

4.1.4Register Transfer-Level Description

A Register TransfeLevel description is a stylthat specifies a particular desigrterms
or registers and combinational logic in between. This is be shown by the gi st er
cloudd diagram in Fig 2.0

Register Register

Data-in Data-out
E Combmational ;
Logic ./l

(LK CLK

Clock

Figure 4.b. Register and cloud diagram

The registers can be described explicitly, throughmmment instantiation, amplicitly,

through inference. The combinational logic is described either by logmahtions,
sequential control statements (CASE, IF then ELSE, etc.), subprogranis;oogh
concurrent statements and are represented by clojedt® in figure 2.0 betweethe
registers.
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RTL is the most popular form of higkvel design specification. A good codistyle
would help the synthesis tool generate a design with minimal area and maximum
performance.

4.1.5 GeneralGuidelines

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.

1 Clock logic including clock gating and reset generation should beirkepieblock i
to be synthesized once and not touched again. This helps in aspksahcation of
the clock constraints. Another advantage is that the modulearthaeing driven by
the clock logic can be constrained using the ideal cdpekificatiors.

1 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 removdsribe
consuming togevel compile, which can now be simply stitched togetivghout
undergoing additional synthesis.

1 Module name should be same as the file name and one should avoid descoitgng
that one module or entity in a single file. This avoids any confusion wbii®iling
the files and during the synthesis.

1 While coding finite state achines, the state names should be described using the
enumerated types. The combinational logic for computing the next state shonld be
its own process, separate from the state registers. Implement thestatext
combinational logic with a case staterherhis helps in optimizing the logicuch
better and results in a cleaner design.

1 Incomplete sensitivity lists must be avoided as this might result in simulation
mismatches between the source RTL and the synthesized logic.

1 Memory elements, latches andpffiops: A latch is inferred when an incomplete
statement with a missinglse partis specified. A flipflop, or a registeris inferred
when an edge sensitive statement is specified ialthays statement for Verilog and
process statement for VHDIA latch is more troublesome than a latch as it makes
static timing analysi®n designs containing latches. So designers try to avoid latches
and prefer flipflopsmore to latches.

1 Multiplexer Inference: Acasestatement is used for implementing multiplexérs.
prevent latch inferences in case statementsd#fault part of thecase 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 icréwgion
of a priority encoder structure.

Ex: always @A, B, C)

begin

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

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

end
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The above example infers a priority encoder with the fifsstatement given the
precedence. The same code can be written usicgsa 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 usihgtatement along witklsif statements to cover all
possible branches.

Three state buffers A tri-state buffer is inferred whenever a high impedance (2) is
assigned to an output. Tstate logic is generally not always recommenbtedause it
reduces testability and is difficult to optimizesince it cannot bbuffered.

Signals versus Variables in VHDL Signal assignments are order independenthee.
order in which they are placed within the process statement does not hasféeahpn
the order in which they are executed as all the signal assignmentsnarat the ah of
the process. The variable assignments on the other haoddaredependent. The signal
assignments are generally used within the sequerbaksses and variable assignments
are used within the combinational processes.

4.1.6Design Attributes and Constraints

A designer, in order to achieve optimum results, has to methodically constrdestge,
by describing the design environment, target objectives and design rulesongteints
contain timing and/or area information, usually derived from designspecifications.
The synthesis tool uses these constraints to perform synthesis and tpsniae the
design with the aim of meeting target objectives.

4.1.6.1Design Attributes

Design attributes set the environment in which a design iheyized. Theattributes
specify the process parameters, /0O port attributes, and statisticdbadrenodels. The

most common design attributes and the commands for their setting ardgjiven

Load: Each output can specify the drive capability thaedatnes 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 fBhe 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 isygn 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 objecteis batow

set_drive <value> <object_list>
e.g.dc_shell> set_drive 2.7 ybus

4.1.6.2Design Constraints

Design constraints specify the goals for the design. They consist of areamamgl
constraints. Depending on how the design is constrained the D30 meethe set
objectives. Realistic specification is important, because unrealistic constnaigits
result in excess area, increased power and/or degrading in timing. Thedmasiands to
constrain the design are

set_max_areaThis constraintspecifies the maximum area a particular design should
have. The value is specified in units used to describe theleyasemacro 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 besgfet the design as small as
possible

create_clock This command is used to define a clock object with a particular period and
waveform. Thei period option defines the clock period, while theaveform option
controls the duty cycle and the starting edfi¢ghe clock. This command is applied to a
pin or port, object types.

Foll owing example specifies that a port nam
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 period 407 waveform {0 20} CLK

set _donodt _t:dhisciha very impatank command, usually used for clock

netwoks and resets. This command is used to sieind 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 butbbe Adono6t _t
e.g.dc_shell> set_dont_touch_network {CLK, RST}

s et _do n:dhis igd used tolset a don_touch property onctiveent_design, cells,

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

blocks for preventingte DC from optimizing the dondt _totl
egdc _shell > set _dondt touch current _design
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current_designis the variable referencing the current working design. It can be set using
thecurrent_designcommand as follows
dc_shell>current_design <design_nae>

set_input_delaylt 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 d¢ost¢his information, as the
setyp/hold time requirements for the input signals. From the-légel timing
specifications the sulevel timing specifications may also be extracted.

e.g.dc_shell> set_input_delay max 23.0i clock CLK {datain}

dc_shell> setinput_delay i min 0.07 clock 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-$ieterequirement
for the input signal datain is 7nshile the holdtime requirement is Ons.

set_output_delayThis 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 max 19.0i clock 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_ma_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 bfrom all_inputs() T 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 Bfrom all_inputs() T to_all_outputs()

4.2 Tutorial Example

Setup

1. Write the Verilog Code. For the pugmof this tutorial, please consider the simple
verilog code for gray counter below.
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Gray Code Counter

/I MODULE: Sequatial Circuit Example: gray_counter.v
/[ MODULE DECLARATION

module graycounfgcc_out, reset_n, clk, en_count);

output [21:0] gcc_out; /I current value of counter

input reset_n; /I activelow RESET signal
input clk; /I clock signal
input en_count; /l counting is enabled when en_count =1

/I SIGNAL DECLARATIONS
reg [21:0] gcc_out;
/I 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 (posedgeclkdon't need fielse if (posed

if (en_count) begin /I check the count enable
case (gcc_out)
2'b00: begin gcc_out <= 2'b0End
2'b01: begin gcc_out <= 2'b1End
2'b11: begin gcc_out <= 2'b1&nd
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, plgaget i ¢ s h
Aas shown bel ow. Thi s c¢ hasheleAd thachnemandy pe of s
work ONLY in cshell.
[hkommuru@hafelbcsh
2. Please copy the whole directory from the below location

[hkommuru@hafelcd
[hkommuru@hafez |$ cprf /packagessynopsys/setup/asic_flow_setup .

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

Aasi c _f |ooundersviithit greates the following directories namely

asic_flow_setup
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src/ : for verilog code/source ce
vcs/ :for ves simulation
synth_graycountef : for synthesis
synth_fifo/ : for synthesis

pnr/ : for Physical design
extraction/: for extraction

pt/: for primetime

verification/: final signoff check

Theifasi ¢ _f lodivectwyewillucontain allgenerated content including/CS
simulation,synthesized gatkevel Verilog, and final layout. In this course we will always
try to keepgenerated conteritom the toolsseparate from our source RTL. This keeps
our project directories well organize@nd lelps prevent us @&m unintentionally
modifying the source RTL. There are subdirectoriestle project directory for each
major step in the ASIC Flow tutorialThese subdirectories contain scripsd
configuration files for running the tools required tbat step inthe tool flow. For this
tutorial we will work exclusively in the/csdirectory.

3. Pl e a sywmopsy® setufelee viihi ch sets all the environn
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 . Pl ease open beldwdocalihc synth.tcl 0o at

[hkommuru@hafelcd
[hkommuru@hafez.sfsu.edujdbasic_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 autorhatsdripts. Use
the below command invoke dc_shell

[hkommuru@hafez.sfsu.edu] $ dc_sheft
Initializing...
dc_shelxgt>

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

libraries etc. To get more information on ampmmand you can typd&iman
<command_name:at the prompt.
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6. TypdCopy inthe belowc o mmands at the command prompt,

which you have already opened in STEP 4.

dc_shelixg-t> lappend search_path ../dgray couner

dc_shelixgt> define_design_lib WORKp at h fAwor ko

dc_shelixgt > set link library [ list

/packages/process_kit/generic/generic_90nm/updated _Oct2008/SAED_EDK90nm/Digita
|_Standard_Cell_Library/synopsys/models&2@nm_maxib
/packages/process_kit/generic/generic_90nm/uptld@et2008/SAED_EDK90nm/Digita
|_Standard_Cell_Library/synopsys/models&@@nm_mirdb
/packages/process_kit/generic/generic_90nm/updated _Oct2008/SAED_EDK90nm/Digita
|_Standard_Cell_Library/synopsys/models/saed90nm_typ.db

dc_shelixgt > set targetlibrary [ list
/packages/process_kit/generic/generic_90nm/updated_Oct2008/SAED_EDK90nm/Digita
|_Standard_Cell_Libary/synopsys/models/saed90nm_ rdiak

The commandi | a p p e n gathg tellathectdol to search for the verilog code in that
particular directory ] tahe verilog source code directory.

The nextcommandi d e f i n e _ d ersatsgarSynbpsyb work directory, and the la
last two commandd s etl i lbir midiy diegetl t b r goiny to the standard
technology libraries we will be using. TIDB files contain wireload mode[®ire load
modeling allows the tooto estimate the effect of wire length and fanout on résstance,
capacitance, and area of netg)calate wire delays and circuit speedafea and timing
information for each standarcell. DC uses this information to optimize the synthesis
processFor more detail information on optimization, please refeéhe DC manual.

7. The next step is to load your Verilog/VHDL design into Design Compiler. The
commands to load verilog afa n a | gndi@ ® | a b oBExexutirggdhese commands
resuls in a great deal of log output dse tool elaborates some Verilog constructs and
starts to infer some higlevel components. Trgxecuting the commands as follows.

dc_shell_xgt > analyzei library WORKI format verilog gray counter.v
dc_shell xe¢> elaboratei architecture verilog library WORKgraycount

Notice, that thegraycountis the name of the top moduie be synthesizedand not the

name of theverilog file (gray_counter.y. You can see part dhe analyze command in
Figure 7.abelow
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Figure 4.a: Fragment of analyze command

dc_shell-xg-t> analyze -library WORK -format verilog gray_counter v

Running PRESTO HDLC

Searching for /gray_counter.v

Searching for jpackages/synopsys/synthesis/X-2005.09-SP3/libraries/syn/'gray_counter.v
Searching for jpackages/synopsys/synthesis/X-2005.09-SP3/dw/sim_ver/gray_counter.v
Searching for ../src/gray_counter/gray_counter.v

Compiling sowrce file ../src/gray_counter/gray_counter.v

Presto compilation compieted successfully.

You can see Figure 7.lwhich shows yowa 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 dign.

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 tegynle You

could also use fAread_verilogo command, whi c
anal yze command into one. You can use #f0r ea
parameterized, meaning look at the below example of a register.

module dfliglop( inp, clk, outp );
parameter SIZE = 8§;
input [SIZE1:0] inp;
input clk;

output [SIZE1:0] outp;
reg [SIZE1:0] outp;
reg [SIZE1:0] tmp;
always @(clk)

if (clk ==0)

tmp = inp;

else //(clk == 1)

outl <= tmp;
endmodule

If you want an instance of the @ke register to have a hitidth of 32, use the elaborate
command to specify this as follows:

elaborate dflipflopparam SIZE=32
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For more informati on oand hbvw the sinthésia ool infers e 0
combinational and sequential elemempigase refer td’resto HDL Compiler Reference
Manual found in the documentation area.

Figure 4.b Fragment of elaborate command

dc shell-xg-t= elaborate -architecture verilog -library WORK graycount
Running PRESTO HDLC

Statistics for case statements in always block at line 24 in file
"../src/gray counter.v'

| Line |  full/ parallel |

| 30 | auto/auto |

Inferred memory devices in process
in routine graycount line 24 in file
'../srcfgray counter.v'.

| Register Name |  Type | width | Bus | MB | AR | AS | SR | S5 | ST |

| gcc out reg | Flip-flop | 2 | ¥ | N |Y | N |N |N |N |

Presto compilation completed successfully.
Elaborated 1 design.

Current design is now 'graycount'.

1

dc shell-xg-t=

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 unconnectetsplogical constanvalued ports, cells with no

input or output pins, mismatches between a cell anéfésence, multiple driver nets etc.
dc_shelxgt> check_design

Please go through, the check_design emadswarnings. DC cannot compile the design

if there are any errors. Many of the warni

skim through this output.

9. After the design compile is clean, we need to tell the tool the constraints, before it
actuwally synthesizes. The tool needs to know the target frequency you want to synthesize.
Take a |l ook at the Acreate _clockod command

dc_shelixgt> create_clock clkname ideal_clockiperiod 5
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The above command tells the tool that the pin named ctkeisclock and that your
desired clock period is 5 nanoseconds. We need to set the clock pensttaint
carefully. If the period is unrealistically small, then the tools will spend forever trying to
meet timing and ultimately fail. If the period is tterge, 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 loateonutput signals etc.
Below are some example3hese 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, outslie your design with respect to clock.

dc_shelixgt> set_input_delay 2.0 [remove_from_collectigall_inputs] clk ] Tclock
ideal_clockl

Similarly you can define output constraints, which define how much time would be spent
by signals leaving the desigoutside the design, before being captured by the same clk.

dc_shelixgt> set_output_delag.0 [all_output$ i clockideal clockl

Set area constraints: set maximum allowed arealqg 0 we | | Itds Just to |
compiler to use as less area asgible.

dc_shelixgt > set_ max_are@

Pl ease r ef eBasidsof Static TimimgiAmalysso n fdr mor e under st e
concepts of STA and for more information on the commands used in STA, please refer to
thePrimetime Manual and DC Compiler Mnual at location /packages/synopsys/

10. Now we are ready to use the compile command to actually synthesize our design into
a gatelevel netlist. Two of the most important options for the compile command are the
map effort and tharea effort. Both of thse can be set to oneradne, low, medium, or

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

dc_shelixg-t> compile-map_effort mediurrarea_effort medium

DC will attempt to synthesize your design while still meetthg constraints. D
considers twdypes of constraints: user specified constraints and design rule constraints.
We looked at the ser specified constraints the previous steesign rule constraints

are fixed constrainta/hich are specified by the stdard cell library. For example, there

are restrictions on the loadpecific gates can drive and on thengition times of certain

pins. To get a better understanding of the standard cell library, please refer to Generic
90nm library documents in the beldocation 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, rnote that the compile commaimibes not optimize across mdd boundaries. You
have tou s eset fiatte® command to enabléntermodule optimization. For more
information on the compile command consult Bresign Compiler User Guidédc-user
guide.pdf)or use man compile at the DC shell prompt

The compile command will report how the desig being optimized. You should see DC
performing technology mapping, delay optimizati, and area reduction. Figure 7.c
shows a fragment from theompile output. Each line is an optimization pass. The area
column is in units specific to thetandard cellibrary, but for now you should just use the
area numbers as a relative metric. arst negative slack column shows how much
room there is between the critical path in your desigd the clock constraint. Larger
negative slack values are worse sinde theans that your desigs missing the desired
clock frequency by a greater amount. Total negative slack is the sutmegative slack
across all endpoints in the desigif this is a large negative number it indicates thait

only is the design nanaking 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 toslow. The design rule costasindication of how many cells violate one of
thestardard 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 optin@g 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 grantiming 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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Beginning Pass 1 Mapping

Processing "graycount'

Updating timing information
Information: Updating design information... (UID-85)

Beginning Mapping Optimizations (Medium effort)

EIRFSED WOEST HEG TOTAL HEG LDESIGH
IIME EEER SLAECK SLACK  RUIE COST ENDEOINT
0:00:035 103.2 0.oa 0.0 0.o
0:00:05 958.5 0.ao 0.0 0.0

EIRF3ED WOEST HEG TOTAL HEG LDESIGH
TTHE EEER SLACK SLACK  RUIE COST ENDECOINT
0:00:035 958.5 0.oa 0.0 0.o

EIAPSED WORST NEG TOTAL NEG DESIG
TIME IRERL SLACK SLACK RUIE COST ENDEOINT

0:00:05 99.5 0.00 0.0 0.0

0:00:05 99.5 0.00 0.0 0.0

0:00:05 94.0 0.00 0.0 0.0

4.2.2 Interpreting the Synthesized Gate-Level Netlist and Text Reports

In addition to the actual synthesized gkteel netlist, thalc_synth.tcl also generates
several text reports. Reports usually have the rpt filename suffix. The following is a list
of the synthesisaports.

The synth area.rpt report contains argarmation for each module in the desighd
shows a fragment fronsynth_area.rptWe can use theynth area.rpt report to gain
insight intohow various modules are being implemented. We can also useetheeport

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, wihikthist 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

Thesynth_cells.rpt - Contains the cells list in the design asyou 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
uz2 AO22X1 saed90nm_typ 11.981000
u3 AO22X1 saed90nm_typ 11.981000
u4 INVXO0 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_qgor.rpt i Contains summary information on the area timing, critical paths
violations inthe design. You can take a look at this report to understand the overall
quality of your designi-igure 4f shows the exaple. As you can see in Figurd 4there
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_clockl'

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 synthvagiscan

seeat the last line of the Figure 7.this paths meets timinghe report listghe critical
path ofthe 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 pureywstest

case timinganalysis (i.e. independent of the actual signals which are active when the
processorisrunningl. n t he exampl e below, since itos
path is from the port to the register.

Please note that the last aoln lists the cumulative delay to that node, while the middle
column shows the incremental delayou 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 thegut port. So, the total delay so far is 2.12Nstice, however,

that the final register file ifp-flop has a setup time of 0.11 ns, the clock period is 5ns.
Therefore 5n€.11ns=4.89ns, is the time before which the register should latch the data.
The crtical 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_clockl)

Path Group: ideal_clockl
Path Type: max

Point Incr Path

clock (input port clock) (rise edge) 0.00 0.00

input external delay 2.00 2.00f

en_count (in) 0.00 2.00f

U4/QN (INVXO0) 0.02 2.02r

U2/Q (A022X1) 0.10 2.12r

gcc_out_reg[1])/D (DFFARX1) 0.00 2.12r

data arrival time 2.12

clock ideal_clockl (rise edge) 5.00 5.00

clock networ  k delay (ideal) 0.00 5.00

gcc_out_reg[1])/CLK (DFFARX1) 0.00 5.00r

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

*kkkkkkkkkkhhhhhhhhhhhhhrrkkkkkkkkkkkk

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 gatdevel netlist output of the gray counter RTL code after synthesis.

Figure 4.h : Synthesized gatdevel netlist

module graycount ( gcc_out, reset_n, clk, en_count);
output [1:0] gcc_out;
input reset_n, clk, en_count;
wire N8, nl, n4, n5, n6;
assign gcc_out[0] = N8;

AO22X1 U2
(.IN1(gcc_out[1]), .IN2(nl), .IN3(en_count), .IN4(N8), .Q(n4) );
AO22X1 U3 (.IN1(en_count), .IN2(n6), .IN3(N8), .IN4(n1), .Q(n5)
INVXO0 U4 (.IN(en_count), .QN(nl));
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

4.2.3Synthesis Script

#H #H# Synthesis Script ####HHEH
## 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_clockl - period 5

set_input_delay 2.0 [remove_from_collection [all_inputs] clk ] i clock
ideal_clockl

set_output_delay 2.0 [all_outputs] T clock ideal_clockl

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_gor > reports/synth_gor.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 leed| nedtlist
write  -fddc - hierarchy - output output/gray_counter.ddc
write - hierarchy - format verilog T output output/gray_counter.v

## You can play with the commands or exit

exit
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