C5151 — Computer Architecture and Engineering
University of Cahiformia at Berkeley
College of Engineering

Department of Elecincal Engineering and Computer Sciences

Compilad: 20040201 for C5132 by Prof Dave Panersor, Jobn Lazzare, Brandon O,
Sources: hitp:'inst ears herkeley ad'~cx132 Tendouts Toolflew cs132sprine2004 flaw.doc

Mini Lab 1: Design Enfry

Name: Date
Login: Prelab Checkoff
Section: Lab Checkoff

Introduction: Mum Lab 1 15 the first part of a 3 part mum lab senes designed to crient you with the concept of
CAD tool flow as well as let vou get hands-on experience with industrial strength CAD tools. We will be going

over the creation of a design with the use of schematics as well as the simulation of that dezign.

Thiz lab is to be done individually and iz due af the end of your section You showld be able fo show us the sieps
Vou took and explain what they mean

INPORTANT: Please read the lab report and answer the following questions before coming to lab.
Prelab Questions:
1. What are the advantages of HDL s over other methods of circuit specification?

-

What is the single most time-saving technique for design verification?

3. Explain the roles of the Xilinx Project Navigator, Synplify and ModelSim tools.

4. Based on the usage of schematics in this lab, generalize how thiz technique could be used on other
larger projects.
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Mini Lab 1: Design Enfry

1 Introduction to the Design Tool Flow
2 Basic Project Tutorial

1 Introduction to the Design Tool Flow
Fefer to the illustration on the next page for the steps mvolved in the CAD tool flow we will use.

1.1 Design Entry

The first step in logic design is to conceptualize your design. Once vou have a good 1dea

about the funchon and structure of your cirewit, you can start the implementafion process by specifying vour
circuit. In this class we wall use a Hardware Description Language (HDL) called Venlog. HDL= have several
advantages over other metheds of circuit specification: ease of editing (files can be wntten using any text editor),
eaze of management when dealing with large designs, and the ability to use a high-level behaviorzl deseription of
a circuit. If vou are famihar with emacs, vou may find it conv enient for writing and editing Verilog code.
Alternativ Eh you may use the editor prﬂ-nded m Xilmx's Project Navigator or ModelSim

1.2 Synthesis

Once vour design 1z entered, the next step in the implementation path 1z synthesis. In our caze, the fimchion of the
synthesis program 13 to franslate the Venlog description of the circuit into an equivalent circuit comprizing a set
of primitive circuit components that can be directly implemented on an FPGA. In 2 way, the synthezis tool 13

almost ke a compiler. Where a compiler translates to a sequence of primutive commands that can be directly
executed on a processor, synthesis tranzlates to prioutrve circuit components that can be directly Jmplemented hil
FPGA_ The final product of a synthesis tool is a netlist file, a text file that contains a list of all the instances of

primuitive components m the translated circwit and a deseniption of how they are interconnected. The synthesis tool
we will be using in this clasz 1= called Svnphf'. Note that Xilinx"s software suite can also perform this synthesis

procedure. The reazson we use Synplify i1z becauze Svnphfy 13 an mdusinal strength CAD tool program. Tt's faster,
produces better logc, and will give many more synthesis warnings—something very useful for students!

1.3 Placement, Routing

The next step in the implementation flow 13 to take the nethst of components generated

by the synthezis tool and turn 1t nto bits that are need to confipure the LUTz, muxes, Flipflops, and other
l:-ErILﬁEI.lI'ElhlE! resourzes in the FPGA. To do that, first the promitive circuit compenents in the netlist need to be
a.mgﬂed to a specific place on the FPGA. For example, a 4LUT implemfntimzthe fimetion of a 4 input NAND
zate I a nethist could be mplemented with any of the about 40,000 4LUTs m a Xilink Virtex 2000E FPGA chuip.
Clever choice of placement will make the subsequent routing easier and result in a faster overall circuit. Once the
components are placed, the proper connections must be made according to the nethist description obtained from
the synthesis step. That step 15 called rowiing. Unlike synthesiz, which only requires a zet of primitive components
to translate to; placement and routing are d&pendent up:rnthe; specific size and structure of the farget FPGA chip.
Due to this reliance, the FPGA vendor usually provides the placement and routing programs. Therefore, we will
be uzng the Xilinx’'s Project Navigator to Pﬂl‘f-'.:rl'lll thiz step. The end product after placement and roufing 1= a bit
file containing the stream of bits used to configure the FPGA



1.4 Program Hardware

The last step in the implementation flow 12 the zmple act of transporting the configuration bits to the FPGA.
There are alzo many ways of doing this. For this class we will be mostlv using the Parallel Cable IV along wath
the IMPACT software to program the board.

1.5 Verification

As you should have leamed from experience, a significant part of the fime and effort spent on any sizable project
will be spent on debugging, and lopic design 1= no exception.  There are two ways to venfy the correctness of a
design- to program the FPGA with the designami check 1f the circut 13 behaving comrectly, or to mn simulations
of the dezign in software. While programming the FPGA and physically checkng the funchnnaht'i. sounds simple,
the whole tool flow requires a significant amowunt of time to complete, especially as vour designs get larger and
mare complex (20 minutes towards the end of the semester’). Repeatedly tweaking the mput design to fix emmors
would require runming the flow repeatedly, 2 hupe waste of ime. In addition 1t can be difficult to phy=ically
observe the causes for an error on a FPGA. For these reasons, software simulation 1= essential in the venfication
process. There are many places along the toel flow where vou can uze simulation to venfy the correctness of your
design. As vou progress down the teol flow and more information about the physical mplementation on the
FPGA becomes available, more accurate timing simulations can be performed. You should not attempt to verify
that vour design works on the board until it works in simulation!!! To do so otheranse would just be a waste
of fime. In thiz class, we wall be uzing ModelSim to do our venfication



