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Introduction

The purpose of this manual is to provide additional support to students in CPE 427, Com-
puter Engineering Senior Design I, who will be using the Xilinx Foundation series software to
rapidly prototype digital designs on the XS 40 reconfigurable prototyping platform. This manual
supplements the existing documentation on the XS 40 [1] and the material on the Xilinx’s Foun-
dation 3.1i [2] computer aided design tool by introducing a coordinated set of examples which
will take the user through the most common steps necessary for design entry, functional simula-
tion, logic synthesis, and the actual configuration of the Xilinx XC4010XL FPGA on the XS 40.

The guide is organized into five chapters which cover the following topics:

Chapter 1: General information is presented about the XS 40 platform and the Xilinx
Foundation 3.1i Design tools.

Chapter 2: A simple four bit binary counter design example is introduced and used to
show the common steps associated with schematic capture design entry,
functional simulation, design implementation, and the XS 40 configuration.

Chapter 3: A four bit binary to seven segment LED design example is introduced to
illustrate the common steps associated with hardware description language
design entry in VHDL, logic synthesis, functional simulation, and
XC4010XL implementation.

Chapter 4: The four bit binary counter and the binary to seven segment LED examples
presented in chapters 2 and 3 are combined to illustrate how designs can be
created using hybrid schematic capture techniques and hardware description
languages.

Chapter 5: References.

This material is based upon work supported by the National Science Foundation under Grant No. 9751482.
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the authors
and do not necessarily reflect the view of the National Science Foundation.



Chapter 1: The XS 40 and Xilinx Foundation 3.1i Computer Aided
Design Tool

The XS 40

The XS 40 has many features that facilitate experimentation in hardware/software code-
sign as well as the general rapid prototyping of digital logic. The rapid prototyping environment
that will be used at UAH in CPE 427 is shown below in Figure 1.1.

RS232/TTL Voltage Converter IC
RS232 Communication Port Xilinx XC4010XL FPGA

Prototyping Area

SRAM
bt

7-Segment LED

Parallel
Download
Cable

BEEEREaD s ;;,v

Connection to
another XS 40 board

8031Compatible

Microcontroller Dip Switches
9V Power Supply

Figure 1.1: The XS 40 Reconfigurable Prototyping Platform.

The major component of this rapid prototyping environment is the XS 40 board (version
1.1). This board is designed and produce by X Engineering Software Systems Corporation
(XESS). The XS 40 is a small rapid prototyping board containing both a Xilinx XC4010XL
FPGA and an 8031 type microcontroller (a ROM-less version of 8051). The Xilinx XC4010XL
FPGA has 400 Configurable Logic Blocks (CLBs, Xilinx’s logic cell name) which is equivalent
to 1,120 flip-flops. The 8031 type microcontroller is a derivative of Intel’s 8051 series of micro-

controllers. The board also contains a 12MHz oscillator for use with the microcontroller and user
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supplied logic which resides within the Xilinx FPGA. Most of the I/O pins are directly connected
with the XC4010XL FPGA -- these connections are detailed in Appendix A. There is also 32K of
SRAM on board XS 40 for storing 8031’s code/data (and other uses).

The XS 40 board communicates with the PC via the parallel port. There are two parallel
ports on the XS 40 board. The parallel port on the power supply side of the board is used to down-
load both the bit-stream information to the FPGA and Intel hex format information to the 8031
microcontroller. The parallel port connector on the other end of the XS 40 board is there to allow
multiple XS 40 boards to be daisy-chained together.

Figure 1.2 shows the block diagram of XS 40 prototyping environment that will be used in
CPE 427 this term. To facilitate the work done in this class external discrete LEDs, a bidirectional
RS 232 communication port, and a set of dip switches have been added to the XS 40 using wire

wrap techngiues.
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Figure 1.2: Connections among XS 40 Board (8031, RAM, and XC4010XL
FPGA), Serial Communication Port (RS232), LED, and Switches.

A complete Schematic of this board and the UAH added external circuity are shown in Fig-

ures 1.3 and 1.4, repectively.
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Figure 1.4: External Connections Present on the UAH XS 40 Prototyping Environment



The Microcontroller (8031)

The 8031 series of microcontrollers are highly integrated single chip microcontrollers with
an 8-bit CPU, memory, interrupt controller, timers, serial 1/0 and digital 1/0 on a single piece of
silicon [1]. The actual microcontroller used in this board is an OKI 80C154S which is fully com-
patible with Intel’s 80C31 microcontroller. This microcontroller is the ROM-less version of the

popular Intel 8051 family of microcontrollers.

The Xilinx Foundation Series Software

Designs that are entered on the XS 40 require the use of special Computer Aided Design,
CAD, software to configure the Xilinx 4000-series FPGA. The software used by students is the
Xilinx Foundation series tool suite. This software runs on a PC under Windows NT and it sup-
ports design entry (via schematic capture, state diagram entry, and hardware description lan-

guage), logic synthesis, logic simulation, timing analysis, and device configuration.
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Figure 1.5: The General Design Cycle supported by the Xilinx Foundation Series Software

The general engineering design cycle which is supported by the Xilinx Foundation Series
CAD software is highlighted in Figure 1.3. It includes the design entry, synthesis, simulation,
implementation, verification, and programming phases, the function of which, will now be briefly

described.



Design Entry: In this stage of the design cycle the design is specified in a form that
is recognizable by the Xilinx design automation tools. Xilinx tools support design
entry using schematic capture, hardware description languages, state diagram spec-
ification or a combination of these techniques.

Synthesis: Whenever a design is entered using a high-level language or state dia-
gram specification the design automation tool must synthesize the relatively
abstract representation into its low-level logical representation. This step is not
necessary for components of the design that have been entered through schematic
capture. The Xilinx tools support this option for several HDL’s (e.g. ABEL,
VHDL, and Verilog).

Simulation: This phase of the design process allows for the logical correctness of
the design to be validated before it is implemented. As design errors are exposed
corrections will often be made by repeating the design entry portion of the design
cycle.

Implementation: This phase is concerned with converting the design information

into a form that can be used to configure the targeted FPGA/CPLD device so that it
will behave in the manner that is intended.

Verification: This phase of the design is used to verify that the resulting implemen-
tation meets timing and other constrains. This is very important for high speed
designs. The examples in this document do not utilize this phase of the design
cycle.

Programming (Device Configuring): The resulting bit stream that was produced

during the implementation phase to represent the design is downloaded directly (or
indirectly through flash memory, etc.) to the targeted device. The design examples
discussed in this manual will utilize the GXLoad downloading facilities provided
by XS corporation which utilizes the parallel port of a typical PC or unix worksta-

tion.



Chapter 2: Schematic Capture Design Example

Example

In this chapter, a simple four-bit binary counter will be used to illustrate the common steps
needed to enter a digital design using schematic capture techniques, perform functional simula-
tions, implement the design on the XS 40 (locking the Xilinx XC4010XL 1/O pins to specific sig-
nals specified in the design), and configure (program) the XS 40. The binary counter design
which will serve as a simple example is shown in Figure 2.1. In this design, the four outputs from
the binary counter will each be connected to a built-in LED on the XS 40. The counter will be
clocked by a relatively slow clock (~1HZ) to allow the operation to be viewed on the XS 40 by
the user. The clocking signal will originate from an internal 12 MHZ oscillator which will be
directed through a 24 bit prescaler network. Both the 4-bit counter and the 24 bit prescaler circuit

will be implemented using Xilinx’s counter macros.

4 Built in LEDs
15(2/!_(!)2 ~1HZ [ TT1
System |l | Divider Logic ﬂ» Lbit Bi ot
glock (24 bit prescaler) -bit Binary Counter

Figure 2.1: Binary Counter Example

Setting up a Project
To enter this design, first start the Project Manager of Xilinx Foundation Series 3.1i by

double clicking on the Project Manager Icon, of Foundation 3.1i from the Window’s

Desktop.



The Project Manager will then display the Getting Started selection window. This win-
dow allows the user to Open an Existing Project or Create a New Project. For the binary counter
design example, we would like to Create a New Project. Select this option as shown in
Figure 2.2. Then click on the OK button.

D[&| 6] 0| + R —

Figure 2.2: Xilinx Foundation Series Software Getting Started Window



A New Project window will then appear. It will have the following fields: Name of
project, Directory (location to store files), and Type (i.e. version) of Xilinx Software. Since we
are demonstrating schematic capture design capture techniques in this chapter, the Flow for this
design should be set to Schematic as shown in Figure 2.3. (In Chapter 3 we will illustrate how to
enter a hardware description language design and in Chapter 4 we will illustrate how to create a
hybrid schematic and HDL design.) On the XC4000XL, the targeted FPGA device is a Xilinx
4000 family device, specifically a 4010XLPC84 FPGA (it is written directly on the device).
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Figure 2.3: New Project Window

When all the fields are completed as shown in Figure 2.3 then single click on the OK but-
ton. The Xilinx Foundation Series Project Manager window will now appear as shown in Figure
2.4.

On the left side of the Project Manager window under the Files tab, the project source
files are displayed in a hierarchical (tree structured) manner. To add files to the project, point the
cursor to the top level of the source tree, then press and hold the right mouse button and select the
Add option. This will cause the file that was added to be included as part of the design and be uti-

lized by the Xilinx CAD software during the project compilation process. To delete a file from the
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project, used the same method but this time select the Remove option. (One should be aware that
when a file is removed from the project, it is not actually deleted from the hard disk. It is just not

included in this project)
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‘& bcount - 4010£LPC84-3 - Project Manager
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v
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Pom - Cpening project: xlbcoygntibcount ----------
Fom o Design Type Schematic UV\ -
Conzaole l.-"' ”LI LI
[Ready

Messages console window
Figure 2.4: Xilinx Foundation Project Manager Window

On the right hand side of the Project Manager window are the functional tabs, Flow,
Contents, Reports, and Synthesis. The function of each of these tabs is described below:

Flow - Provides quick access to the tools used in each stage of the design process

Contents - Lists contents and dates the design files were last modified

Reports - Contains the design constraints flow reports (Pin locking, Area, etc.)

Synthesis - Displays information about the HDL logic synthesis process

Design Entry
Design entry using schematic capture techniques involves employing a CAD tool (such as
the Xilinx Foundation Series software) to enter a complete logic level schematic. This requires
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that the user use the CAD tool to graphically enter the symbols that represent each of the compo-
nents that make up the design and then use the tool to ‘wire’ the components to one another to
form the complete schematic diagram. To enter this mode in the Xilinx Foundation software click

on the Schematic Editor Icon, - , located on the Design Entry button under the Flow tag of

the Project Manager window (see Figure 2.4).

# Schematic Editor - [Modified - BCOUMT1.5CH]
Eile Edit Mode DOptionz Hierarchy “iew Display Tools 'Window Help - |5’ |£|
ale|d|s]a] & [le] QUS| | o] el B2 o
i mbols
i
BUFT16
Ij:_k BUFT4 -
=+ BUFTS
CAPTURE_WIRTEX
i CE1ECE
CB16CLE
% CB16CLED
E CB16RE
: 2 CB2CE -
1
| 4
| . |
Description of Component -
K1 _"I_I
" BCOUNTT | \
[ 01, 13 | Symbols \

Click on the Symbols toolbox button and the
SC Symbols Window will appear which allows you to Component name
select components for your implementations.

Figure 2.5: Schematic Editor Window
To begin entering a graphical symbols, i.e. a components, first press the Symbols toolbox

button E The SC Symbols window will appear which has a listing of components present in

the libraries. Components can then be selected by scrolling down and clicking on the name of the
component or by typing the name of the component in the dialog box which is at the bottom of the
SC Symbols menu.

In the case of the four-bit binary counter example, components are needed for the internal

logic for the prescaler and counter, and components for the 1/0O pads and buffers. We will use the
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high level macros which are provided by Xilinx (these macros are themselves created in a hierar-
chical manner using low level gate and flip-flop primitives). To implement the design we have
chosen to use two type of binary counter macros, the CB4CE to form the basic four bit counter,
and two instances of the CC16CE macro to form the prescaler logic. This design requires one
input, a clock signal, and four outputs, the outputs of the 4 bit binary counter. Interfacing with the
outside world like this requires that appropriate 1/0 pads and /O buffering components be used.
In this case will need one instance of the components, IPAD, and IBUF, and four instances of the
components OPAD, and OBUF. It is assumed that the output of this design will drive four of the
external discrete LEDs. These LEDs are wired up in a manner where a logic high will light them

up and a logic low will deactivate them (common cathode configuration).

® Schematic Editor - [ECOUNT1.5CH] =] B3
File Edit MMode Optiohz Higrarchy Yiew Dizsplay Toolz Window Help _|5||5|
] = L = N = e S e [ e e e i = e
IF \f_t_c CB4CE [ ]
EI o LEDO TFAD
ot '*’ﬁBUF LED TFAD _I
Q a2 ':'b:BUF LEDZ TFAD
= o3 <-'3/.BUF LEDA TFAD
T CE CED | QELF
= Q150 o5 L S
E CLR
A |
=
B o
- WEC J
CCIGCE
T oisg
|_CE 1= N
L
CLR
Q[ 15:0]
WCC
CCIGCE
osg
|_CE 1= N

e STRUF L= ™
GLR
IFa0

K . _*I;I

" BCOUNTT |
| 16, 66 | | Select and Drag

Figure 2.6: 4-bit Binary Counter Example
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Figure 2.6 shows the completed four-bit binary counter schematic. In this design, the com-
ponents are all wired together using a combination of nets (wires) and simple busses (collection of
nets). This was accomplished in the case of individual nets by first invoking the net drawing tool
by pressing the F4 key on the keyboard. Then the cursor was placed at the point where each net
begins (such as a pin on a component) after which the left mouse button was pressed once (single
clicked). The cursor was then moved to the desired termination point (such as another component
pin in the design) and the left mouse button was then pressed (single clicked). Nets were created
in a similar manner except that the bus drawing tool was invoked by pressing the F5 key. (Bends
in the nets and busses were made by single clicking before the net or bus was terminated on a
component. Some busses were not terminated to a component. This was accomplished by moving
the cursor to the desired bus termination point and double clicking the left mouse button.)

It should be noted, that the counter macros used in the design shown in Figure 2.6 all have
the inputs CE (chip enable), and CLR (clear) which need to be tied to logic high and low, respec-
tively. This is accomplished by incorporating the components VCC and GND and wiring them up
to the appropriate pins using the net command (F4).

Individual nets (i.e. wires) were brought out from busses simply by connecting each net to
the bus and giving the net the same name as the desired component of the bus. For example, in
this design there is a simple bus named Q which has a range of 15 to 0. This implies that there are
16 nets contained within the bus that are individually named Q15, Q14, ..., Q1, QO, respectively.
To logically connect a given net, such as Q6 as shown in Figure 2.6, to the bus Q, required that
the bus and net were first created using the appropriate drawing tools (by press F5 and F4 as
described previously) then the bus was named Q and the net Q6.

To name a net or a bus, one first double clicks on the net or bus using the Select and Drag

tool which is activated by pressing the W icon, which is located on the upper left hand corner of

the Schematic Editor window. When a net is selected the Net Name window will appear as
shown in Figure 2.7. Simply enter the net name in the dialog box and press OK. For the binary
counter design example first double click on the Q6 net, then enter Q6 in the dialog box, and
press the OK button.

14
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Figure 2.7: Net Name Window

When a bus is selected in this way, the Edit Bus window is displayed. The bus Name and
the Range (i.e. starting number and ending number of the nets which are contained in the bus) can
now be entered. To name the bus Q[15:0] in the binary counter design, one would double click on
the bus, enter Q in the Name field, enter 15 and 0 in the Range fields, and then press the OK. but-

ton.
Edit Bus |
Bus Label [e.g. BUS[O:2]): ¥ Simple Bus

M arne: R ange:
CEEE EEE

Terminal =
b arker: Hone J

—Bus Taps:

el s
e

Figure 2.8: Edit Bus Window
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T Z =
= i

Internal nets and busses do not always have to have user specified names (for example
consider the nets which connect the inverters to the output buffers in the binary counter design).
As a general rule-of-thumb, however, one should always explicitly name the 1/0 nets (nets which
connect to 1/0 PADS), internal nets which connect to busses, and any internal net which the user
would like to appear in a simulation.

A couple of other items which should be pointed out include the fact that after a design is

entered, component positioning can be easily changed simply by entering the select and drag

mode (by pressing the W button) and clicking and holding the left mouse button after the cursor
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is place on the object to be moved. Also entire sections of the design can be accessed as a single
entity by using standard windows based techniques to select multiple components, components in
a rectangular area, etc. These sets of objects can then be placed in the Windows clip board for
inclusion in other designs. Discussion of these techniques is beyond the scope of this manual but
such techniques can greatly speed up design entry as one gains hands-on experience.

After the design has been entered, Save the file (It doesn’t matter if you don’t close the
Schematic Editor, just remember to save the file. The Project Manager automatically saves the
Schematic diagram by using your project name and concatenating a number to the end). Then

return to the Project Manager window.

User Constraints Entry Phase

After the design is entered and saved, it is the job of the Xilinx Foundation software to
convert the user entered schematic into a form that can be used to configure the targeted FPGA/
CPLD device so that it will behave in the manner that is intended. This conversion process results
in the mapping of the desired the logical configuration into a form that can be implemented within
the internal FPGA architecture. It is at this point that users have the option of specifying certain
constraints which the complex mapping algorithms (place and route) [3,4] must adhere to when
making the implementation files. There are a number of such constraints which can be specified
(worst case timing, etc.), but the one that is of most importance in the binary counter design is
which pins on the Xilinx XC4010XL chip are going to be assigned to the input/output nets of the
design. In the binary counter design, there is only one input pin that runs from the XS 40 clock
circuit into the Xilinx XC4010XL chip and there are only four output pins that are to connect the
external set of discrete LEDs.

Fortunately, the Xilinx libraries which come with each of the supported Xilinx FPGAs and
CPLDs have a set of symbolic names which correspond to each 1/0 pin on the chip. A cross refer-
ence can be created which specifies to the Xilinx software which symbolic pin name on the
FPGAJ/CPLD is to be assigned to the logical 1/0 net name used in the design. This cross reference
operation is contained within the User Constraint File which is associated with each project. If
such information is not in the User Constraint File, the Xilinx software will arbitrarily assign
FPGA pins to the design’s 1/0 nodes. (Note: there is a general rule -- the more constraints entered
by the user the more inefficient the implementation processes is in terms of processing time and

complexity of the design that can be implemented in a given FPGA/CPLD. In tightly packed/high
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speed cases, it may be desirable to have the Xilinx software make its own /O pin assignments and
external PC board circuitry designed to adhere to this placement [5].)

To lock a specified pin name with the logical 1/0 net name specified in the schematic (or
HDL for that matter), from the Project Manager window, move the cursor to point to the top hier-
archy source tree located under the Files tab on the left-hand side of the window. Click on right
most button and a pull down window will be displayed as shown in Figure 2.9. Then select the

Edit Constraints option with the left mouse button.

» bocount - 401 0XLPC84-3 - Project Manager [_ O] ]

File Document Wiew Projgct Implementation Tools  Help

D] 6] oln| o1%| Ela] [ M|
Files: \ Versionsﬂql Flovwy \ Canterts \ Reparts \ Syrthesiz \

sl b ddd... -
-E". Dpen beount (401 0XLPCE4-3) Lo
g Hemave
Edit Constraints :
Properties. .. DESIGN ENTRY 7 SIMULATION
v
o)
vl n B
IMPLEMENTATION ¥ YERIFICATION
\ 4
‘I I b [ | i l X
Porm  : Execute dixlingd1hactivelexelsc.exe -

Fcm  : START: Schematic Editor
Pem o Document ABCOUNTBCOLUMTIBCOLINTT.SCH added
Pcm  EXIT: Schematic Editar J

Conzole / [ 4] "

|Edits project template constraints file

Figure 2.9: Entering User Constraints from the Project Manager
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For this design the desired schematic name to Xilinx XC4010X Pin name cross reference
(i.e. Pin Locks) is shown in Table 2.1. The symbolic names for the XS 40 environment are shown in

Appendix I of this manual.

Table 2.1: Desired Pin Locking (Cross Reference) Configuration

Schematic Xilinx
I/0 Pin Description XC4010XL
Net Name )
Pin Name
XS 40 12 MHZ Clock CLK 13
XS 40 Discrete LED #0 BITO 19
XS 40 Discrete LED #1 BIT1 23
XS 40 Discrete LED #2 BIT2 26
XS 40 Discrete LED #3 BIT3 25

The resulting additions to the User Constraints File for the binary counter example are
shown in Figure 2.10 where the cross reference described in Table 2.1 was implemented using the
NET <schematic net name> LOC=<symbolic Xilinx pin name>
construct. After these additions have been made to the User Constraints File one should Save the

work, Exit the Report Browser, and return to the Project Manager window.

[E] bcount.ucf - Report Browser M=l 3
File Edit Search “iew Toolz Help
O|=|@| &| %= =] | = 2|
# 12 MHz Built in X540 Clock ﬂ
MET CLK LOC=P13;

#LEDO,LED1.LEDZ2,LED3

NET LEDO LOC=P19;

NET LED1 LOC=P23;

NET LEDZ LOC=P26;

NET LED3 LOC=P25;

SRR HHERHHHHHRHEENNY

# BASIC UCF S5¥NTAX EXAMPLES V¥2.1.6 #

HER R R R R R R R R R R R R R R R

#

# The "#' symbol is a comment character. To use this sample file. find the
# specification necessary, remove the comment character [#] from the beginning
# of the line, and modify the line [if necessary] to fit vour design.

#

# TIMING SPECIFICATIONS

i
- ¥ Timina cnacificatinne can he annliad tn the antire deswrice Inlahall or to _)l;I
Ready Ln 1. Cal 1 MLk L

Figure 2.10: Adding Pin Locking Information to the Project Constraint File
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Functional Simulation Phase

We are now at the point in the design cycle where the design has been entered and the pin
locking constraints have been specified. The next most common step is the Functional Simula-
tion phase, in which one is able to check the logical correctness of a design before it is actually
implemented on the targeted system (which is in the case the XS 40). Design errors found in this
phase can then be corrected in an iterative manner by re-entering the design entry phase. While
this phase can be bypassed with the behavior of the design being observed after the device is con-
figured, this is not recommended since simulation often gives a much more detailed view of the
operation of the design than is usually observable directly from the implementation. There are
also some design errors that can be identified through simulation which might be destructive if
implemented in hardware. Simulation is a powerful tool. The following is a brief overview of how
simulation can be used to verify the functionality of the binary counter example. A much more

detailed discussion of this material is presented in the Xilinx literature.
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To perform a simulation of the four-bit binary counter example, first click on the Func-
tional Simulation button, @ on Project Manager window. This should launch the Logic

Simulator window shown in Figure 2.11.
Increase/Decrease scale on sheet Simulation step size

Select components (signals) ~ Simulation steps Select simulators

gt Logic Simulator - Xilink Foundation F3.1i [bcount] - [Waveform Viewer 0]
(== File Signsl ‘Waveform Device Optiocg Toolz  Wiew  window w
ﬁ] nl%l | T+ ﬁl L#‘l 10ns @l EBreak x| &%
ulium T — 0.0
|5'I'Dp5fdiv = || En= 1l0ns= lEns Z0ns ZEns Z0ns 3Ens |
| a.no IIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIII
KT M4l I
0o

Figure 2.11: Logic Simulator Window

One of the first steps in the simulation process is to choose the set of signals which one
wants to observe during the simulation. Obvious candidates are the global input and output nets/
busses of the design as well as certain internal signals that are present. For the binary counter
example, we will choose for demonstration purposes to observe the global CLK input and a set of
internal busses, QI15:0 and Q15:0. [Note: This is not really a good set of signals to observe for
this design, but complete simulation runs which would exercise the main counter output lines,
BITO-BIT3, would take several hours to complete. The large amount of computer simulation time
required to simulate sequential circuits is one of the major drawback of simulation. One could get
an idea of how well the circuit works though by running the following simulation and then tempo-

rarily modifying the design to remove the prescaler.] To select these nets/busses click on the
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Select Components button, | €223 |. Then at the Select Signals windows, choose the desired sig-
nals to be included in the simulation. Do this by clicking on each signal with the left mouse but-
ton. Then to select more than one signal, hold on the <ctrl>-key and click on the signals with left
mouse button. Figure 2.12 shows the case where the CLK, QI15:0 and Q15:0 signals have all
been highlighted using this method. To complete the process, press the Add button and then the

Close button.

= Logic Simulator - ¥Xilinx Foundation F3.1i [bcount] - [Component Selection for Wavef._. =] E3
Eile  Signal “wWaverorm Dewice Options Tool: Miew Window Help -|5’|5|
=|8|&| &[] & [Furciona =) &] 2| [1ne 7] @ [ ~] |
| Signals Selection | Chip Selection | Scan Hierarchy
Gesd 511 — CEACE N ] Fooot |
$I10 — OFPAD 511 — CBACE
$I11 - IPAD a0 — FTCE
5112 - VCC
1 - FTCE
$I13 — WCC Q
5114 — CC16CE e — FTCE
4115 — IHV 3 - FTCE
$I16 — GHD 7] 5114 — CC16CE
$I17 — GND %] 5119 - CC16CE
$I18 — WVCC |
119 — CCleCE
II'T SimGlobalReset 512 — IBUFG
$Iz20 — GHD
$I21 — IHV
122 — IHV
T3 — THV i
Sort | Sort | Info | Attrib. |
Add | Close | Help |
Iz

Figure 2.12: Signal Selection Window

Figure 2.13 shows the state of the Logic Simulator window after the three sets of signals
have been added to the observation list. They appear on the left hand side of the window. To start
the simulation, we must first define the stimulus pattern for all of the external inputs to the design.
In the 4-bit binary counter example, the only input to the design is the CLK signal which needs to
be driven in a periodic manner. The Xilinx simulation software allows the user to define the wave-

form pattern associated with each of four stimulus clocks which can be assigned to selected inputs
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of the design. For this example, we will define the input pattern associated with one of these stim-
ulus clocks and then assign it to drive the CLK input.

Increase/Decrease scale on sheet Simulation step size

Select components (signals) ~ Simulation steps Select simulators

@' Logic Simulator - Xilink Foundation F3.1i [boount] - [waveform ¥iewer 0]
=H Fil= Siokal ‘Waveform Dewvice Opbtons Tool: Migw Window/ Help _Iﬁllﬂ
; & 2o T Do <] B W
=1 o || e || 50ns

I ‘ |l Ons=s Z0ns |3 Ons |4 On= |5 Ons=s |6 Ons= |'T-‘ On= |
| a.n0 IIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIII
B|015 . (hex)#l6 L ] R
BIOTI15  (hes)#L]  |0)| - oo
L[CLE. ... ... .. e | T
| I3 KN Il

| S0ns

Figure 2.13: Logic Simulator Window State after Selecting Signals

To define the desired clock stimulus waveform, click on the Select Stimulators

button, zm=oe|. The Stimulator Selection window will appear as shown in Figure 2.14. On this
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window there are several Clocks labeled C1-C4 which can be defined. Then click on the
Formula button.

i Stimulator Selection =]
Keyboard: Clocks:
[ofindie e | [ule Jo)e |

CISPIENCIEI fs I )
(21t 5 e i oy [Coffa
s [0000][0060][6000][0600)

NBc: (2000|200 0d][eeed|[eead]
b [T ] | s s s ]| [ ] ]

) (=) (= =

Furmula...| Close | Help |

Figure 2.14: Stimulator Selection Window
A Select Formula window will appear as shown in Figure 2.15. In the Formula Stimula-
tors area of the window double click on C1. Then in the Edit Formula dialog box, type in the
pattern H5nsL5ns. This defines a simple clock cycle that is logic high 5ns and then is logic low

5ns (i.e. a clock cycle of 10ns). Then click on the Accept and Close buttons to exit the window.

i S5et Formulas

Formula Stimulators

' """ Clocks  --—-------- - | &CCEP[ I
CZ:

C3: |
C4 | Delete
---------- Formulas ----------

F: Delete All |
F2:

Cloze

E dit formula:

H5nzL5ns Cancel

— Formula creation wizard

[~ Use WFM macro format Wizard... | Help

;

Figure 2.15: Set Formulas Window

After the Set Formulas window is closed, the C1 button in the Stimulator Selection win-

dow will change from gray to red color. This means that C1 is now a valid Clock stimulator. This



clock stimulator will now be available to drive input signals during the simulation. To assign this
stimulus to the CLK signal in the binary counter design first make sure both the Logic Simulator
and Stimulator Selection windows appear on the screen at the same time. Then click once on the
CLK signal on Logic Simulator window, and move the cursor over to the Stimulator Selection
window and click once on the clock C1 button. This will cause the C1 value to appear along side
the clock signal name in the Logic Simulator window. Since all of the stimulus needed to drive
the binary counter example has been defined and the appropriate signals to observe have been
selected the design is almost ready to be simulated.

Increase/Decrease scale on sheet

Simulation step size

=" Logic Simulator - Xilink Foundation F3.1i [boount] - [Waveform Yiewer 0]

=H File Siokal ‘Waveform Dewice Options Tools  Wiew WwWindow/ Help - |5’|5|
N s @l =] &l
—|1k[== = || e ||

| ln=s/diw lons Z0ns Z0ns 4 0ns Eln=s & 0ns 70ns |
| a.o IIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIII

BlolS . (hex)#l6 1] S
BIOI1S . (hexi#1qd |O|f---mmrmmrmrr
LCIE. ... ... .. Lz

i Stimulator Selection

Heyboard:

S ol

05080090
a3 1] ] ] )
Bc @@'@;l | @@@gl @@@éﬁl @@@5'

NBc: (200|200 [eeed|[eead]
b [T ] | i o i | [ o ] ]

=) E=) (=) =

N DI Furmula...| Close | Help | 0

|= Alnz
Figure 2.16: Assigning Clock Stimulus to CLK Input

Before simulating the four-bit binary counter make sure that the display sheet time scale

and the simulation step size are set to appropriate values to accommodate the 10ns clock cycle of

the stimulus signal. This is accomplished by clicking on the increase time scale, 'Luuuu|, and

decrease time scale buttons, wwwu|, on the Logic Simulation window and entering the simulation
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step size in the simulation step size dialog box. To perform the simulation in a step by step manner

click on the Simulation Step button, ._‘| as many times as is necessary to observe the selected

signals. Figure 2.17 shows the waveforms that occur during the first 80nS of the binary counter
simulation.

z Logic Simulator - Xilinx Foundation F3.1i [bocount] - [Waveform Yiewer 0]

== Fie Signal “Waveform Device Options Toolz View Window Help _|5'|5|

3| @S| | & [Furcins =] &) o9 [or =] @ [pes ] 5[

[ e |c—nl[—= &2 | 0| mn || 80ns

LLLLLLL”' lns/div |'—'—'—'—'| |1|:|ns |ZEIn5 |3Eln5 |4Dn5 |5|:|ns |5|:|ns |?|:|ns

| o.0 IIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIIII|IIIIIII
B(015 . (hex)#le 0| [foooo

Bi0I15 . (hex)#14q |0|[QO00 {0001 Y0002  JO0O0= (0004 WOOO5  j00os (0007 il
LICIE. ... ... .. C1l-- - e e e e
] I I A *

2lnz

Figure 2.17: Example Simulation

Observe and study the waveforms carefully. When the simulation has been determined to

be correct, Exit the Logic Simulator window and return to Project Manager window.
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Implementation Phase

Now it is time to take the design through the compilation process. To do this first click on

the Implementation button, % » Eﬂ , on the Project Manager window. A netlist genera-

tion confirmation message similar to the one shown in Figure 2.18 will appear. Select Yes, since it

is desirable to use the latest netlist of the design.

Project Manager |

Schematic nethzt boownt iz alder than schematic
|Ipdate netligt fram Schematic E ditor 7

Mo | Cancel |

Figure 2.18: Netlist Generation Confirmation

Then an Implement Design window will appear. All the parameters in the dialog boxes

should be as shown in Figure 2.19. Click on the Run button to continue.

Implement Design [ x| |

Device | 401 0L PC34 | Speed |3 "I

Werzion name; I‘*’E’-I

Bevizion name: I’E'*“-I

Cantrol Files: Set... Optians. .. |

2k, | Cancel | Help |

Figure 2.19: Implement Design Window
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After this, a Compilation Flow Engine window will appear with appropriate implementa-

tion information being sent to the status area of this window as the design compilation process
progresses.

i,f boound [ver]-2eewl] - Miling Flow Engrs

Eloww Yiw Selup Ubllm: Hedo
L L
:-=|[-EF| E'I|IEI| @|'ﬁ"|
ACADDNEL Design Flow jrev]

D H

Translate bllap
I Running | I | |
ngdbuild -p wcdllixl=-3-pofd —uc boouant  uct =dd ®: boountboount-boount . edr boount . ngd
R=leans 3.11 ngdbuild O.1%
Copyright (o) 1995-2000 Xilinx, Inc all rights reserved
Commard Lin=: ngdbuild -p xcd0l0xl-3-pofd -wo boount  ucf —dd
W boountboount boount =dn boount  ngd
Launcher: Ezscutiog edifZngd "= “boount“boount™boount  edn®
K sboountboount hgproj weesrlsboount  ooo
F=leass 3 1i — edifZngd D19
Copyright (e) 1995-2000 Xilin. Inc All rights resscved
Weibig the design o "X CbhEount-BEounl- Eprod-ver - Bsunt | nge”
Readirg NGO file "X -boousnt-Boount - Bpro)-varl-boount  ngo”
REading component libraries for design EHpaBEER1cH

I I T e T e
For Hedp, peess F1 ML 3PS heound el

Figure 2.20: Compilation Flow Engine Window

This engine will take the design through the Translate, Map, Place&Route, Timing, and
Configure steps. At the end of process, many files will be generated which can be observed by
clicking on the Report tab on the right hand side of the Project Manager window. Errors in this
process will require modifications to the original design. When the implementation portion of the
design is successfully completed the following message will appear

Project Manager

Flaw Enaine werl-xrevl Completed Successiully.

Click on the OK button. Then return to the Project Manager window to prepare to actu-

ally download the design to configure the targeted hardware.
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Programming (Device Configuration) Phase
To configure the XS 40 (i.e. download the bit map file that was created by the Xilinx

Foundation CAD software), simply follow the following procedure. First, connect the XS 40 to
the AC adapter and make sure the parallel cable is connected to the power supply side of the XS
40. Connect the other end of the cable to the host PC’s parallel port. Then from the Windows
desktop, click on the gxsload icon to bring up the gxsload window as shown in Figure 2.21. Then
drag the corresponding bit map file (bcount.bit in this case) and drop it into the gxsload window.

The bit map file should always be under the student’s project directory on the X: drive.

X gxsload M= |

Area to drop
Drap BIT, S%F, HE=, and EXD the download

filez here to download to the : . files
ar =54 Board.

/H ecent Files:

Downloadable
file formats

This box is check Parallel
port

if download to connection
on-board EEPROI\/I\Eﬂ'\.F EEFROM  Part I—‘ﬁLPﬂ =

Figure 2.21: The Downloading Program, GXLoad.

After this is done the device should begin the configuration process which will take a few
seconds. A status window similar to the one shown in Figure 2.22 will appear upon successful

completion of the download process.

28



Success
download
message

el e

Figure 2.22: The Downloading Program, GXLoad.
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Chapter 3: Hardware Description Language Design Example

Example

In this chapter, a binary to seven segment display converter example will be used to illus-
trate how a design can be entered using VHDL [6], synthesized, simulated, and implemented on
XS 40. The design will is to drive an external seven-segment common anode LED that is to be
connected to pins 8, 9, 6, and 77 of XS 40 (which comes directly from the Xilinx XC4010XL
FPGA) as shown in Figure 1.1. In a similar manner, the inputs to this design will be driven
directly by the first four DIP switches (labeled DIP 1 -- DIP4).

Background
A single seven-segment indicator can be used to display the digits ‘0’ through ‘9’ and the

hexadecimal symbols ‘A’ through ‘F’ (with symbols ‘b’, and ‘d’ being displayed in lower case) by
lighting up the appropriate set of segments. For example, the number “8” can be displayed by illu-
minating all seven segments and the lower case letter ‘b’ can be displayed by illuminating the seg-

ments labeled c,d,e,f, and g for the seven segment display element that is shown in Figure 3.1.:

7 Seg LED
. /
T a OWA@—-
f b - ~)
Logic High R b
Segments ¢
e c‘ <
d R *J |
O—\/\/\/\/Q-A@—Q

Common Cathode

Figure 3.1: Seven Segment Display Unit

One common type of seven segment display unit utilizes Light Emitting Diodes, LEDs, as
the display elements. In this arrangement, each segment that makes up the seven segment display
unit is a separate light emitting diode (LED) that will light up when it is forward biased. Often
commercially available seven-segment LED display units minimize the number of external pins

needed by internally connecting together one node of each of the seven individual LEDs. In one
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arrangement, the common cathode, the cathodes of the diodes have a common connection point. If
this common point is connected to ground and a set of current limiting resistors are connected in
series with the individual segments then each segment of the display can be independently illumi-
nated by placing a logic high on the corresponding segment lead (assuming the logic device is
capable of sourcing enough current). The binary to seven segment display example assumes that
an external common cathode seven segment LED will be used as the targeted display element
with the common cathode point being connected to ground. Thus a logic high will be required to
light up each segment.

Figure 3.2 shows a block diagram of the display converter circuit that is to be designed.
The display converter circuit is to contain the logic necessary to drive the seven segment display
in a manner in which the hexadecimal symbol associated with the four bit input is displayed. Thus
the symbol 0 would be displayed if all of the input bits were logic low, and the symbol 8 would be
displayed if bit I<3> was high and the rest low. Table 3.1 shows the desired display configuration

for each of the 16 possible input scenarios.

outputs
to LED
MSB C/ —_—
R\ o w/ :
Digital Logic [0<5> f b
inputs 1<3 »
from  1<2>—» O<6> -
external 1<1>—p tobe
DIP  |<0>—» O<4> € ¢
switchess/( Designed 0<3> d
LSB % A

Figure 3.2: Display Converter Seven Segment Display System Overview
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Table 3.1: Desired LED Display Configurations

Inputs Display Inputs Display

13 | 12 | 11 | 10 | Configuration | 13 | 12 | |1 | |0 | Configuration
i1 N

0/ 0/]0]0 L] 1]0]|01]0 |:|

00|01 ! 1]0]0]1 a

olo|1]o0 - 110110 u
_

0011 - 110111 =

0o|1|0]o0 U 1100 r
C |

0101 - 111011 0

0| 1]1]0 = 11110 |:

01111 | 10111 =

Design Entry

HDLs are textural representations that are used to model the structure and/or behavior of
the system hardware. They are analogous in some ways to high-level software languages such as
C, FORTRAN or C++ with the important distinction that HDLs have special constructs specifi-
cally designed to model the characteristics of digital hardware. The major difference in HDLs and
high-level software languages are that HDL’s can easily model the timing attributes and the highly
concurrent aspects of digital hardware (i.e. in physical hardware many events often happen at the
same time). In addition HDL’s have the power to fully describe a logic system using both behav-
ioral and structural design techniques.

To enter the binary to hexadecimal converter example using an HDL, first invoke the

Project Manager window in the same manner as was done previously, by double clicking on the

Project Manager icon, from the Window’s Desktop.
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As with the previous example that was presented in Chapter 2, the Project Manager will
display the Getting Started selection window. This window allows one to Open an existing
project or Create a new project. For the binary to hexadecimal converter example, we would like

to Create a New Project. Select this option as shown in Figure 2.2. Then click the OK button.

-# Project Manager _ O
Eile  Document “iew Poject  Implementation  Tools Help

MEER g stanes &
Filez \.. Wersions "'\
% ™ Open an E isting Project

mips ;I More projects... |
zoroling

gchm

randarm I
2051 dizp

401011 4

d:hrilin=21 sachvchprojoctzibintohck

[ Always open last project

Porm o Start Xilinx Fo
Ok I Cancel | Help |

Console / HOL Errors / HOL Warnings ¢ HDL Messages L] »
Ready

Figure 3.3: Getting Started Window

At this point a New Project window will appear as shown in Figure 3.4. Let us call the
binary to hexadecimal converter design, bintohex. Enter this name in the Name field. Make sure
that the Directory field is set to the project directory and the Type field is set to the appropriate
version of the Xilinx Foundation tool set (in this case, Foundation 3.1i). Also make sure that the
Flow field for this example is set to HDL, since we are demonstrating in this example design
entry made through the use of the hardware description language, VHDL. Then click on the OK

button.

33



I_TI_I_I_TI-TI_TTI_

Hew Project

[ whintohes

Fem o Start Kiling Foundation F3.11 - Messages - Fri Sep 01 17:08:18 2000

Figure 3.4: New Project Window

Figure 3.5 shows the Project Manager window with its associated HDL design cycle. It is
almost the same as the schematic capture design cycle the difference being that the synthesis
phase has been added. We will now create a VHDL file by using the HDL Editor. After creating

the HDL file we will then add it to the project after which we will check its syntax.
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‘® bintohex - design not implemented - Project Manager
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Fcm o Design Type HDL -
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Figure 3.5: Project Manager Window for HDL Entered Designs

To enter the VHDL modeling information first click on the HDL Editor icon,

Design Entry button under the Flow tab of the Project Manager window. This will invoke the
HDL Editor and a window which will allow one to create a new HDL file or open an existing
HDL file (see Figure 3.6). In this example, we will want to create a new HDL file. In this case,
there are two options, Create Empty which will open an new text file for HDL source entering or
launching the HDL Design Wizard which will aid in creating the VHDL code by producing tem-
plates which can be filled in by the user. To illustrate the utility of the Design Wizard we will
choose this option as shown in Figure 3.6 for the binary to hexadecimal converter example. To do

this we will make sure the Design Wizard option is checked and then press the OK button.
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Figure 3.6: HDL Editor Window

The next window that will appear is shown in Figure 3.7. It simply describes the purpose
of the Design Wizard. Press the Next button to continue.

Design Wizard (%]

Thiz waizard will help you to create your new dezign
quickly and eagily. v'ou will be able to specify bagic
features of yowr project and ta enter ports.

To begin creating the design, click Mest.

< Bach

Figure 3.7: Design Wizard Getting Started Window
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The HDL that is being used in this example is VHDL (Very High Speed Integrated Circuit
Hardware Description Language [6]). It is one of the major HDLs currently being used by practic-

ing engineers. Check the VHDL option an press the Next button.

Design Wizard - Language E |

[ vour design an HOL language will be uzed. Mow you
cah chooze vour preferred lanquage.

" Werlog

¢ Back I MHest > I Cancel

Figure 3.8: HDL Selection Window

Then enter the name of the VHDL model file. For this example, enter bintohex and press
the Next button.

Deszign Wizard - Hame |

Chooze the name of the file in which your design will be
zaved.

Ibintl:uhe:-d Browse... |

< Back I Hext > I Cancel

Figure 3.9: Design Wizard Name Entry Window
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The Design Wizard -- Ports window will now appear as shown in Figure 3.10. As directed,
press the New button to create a new input port. For this example, we want to have a four bit input
port which we will call 1. The individual signals of the input port are to be named 1<3> 1<2>,
I<1>, I<0>, respectively with 1<3> acting as the most significant bit. To do this, first enter 1 in the
Name: field. Then set the range of the Bus field (using the up and down arrows) to be 3:0 as shown
in Figure 3.10. After making sure the Direction of the bus is an Input (its default) press New again

to go to the next step which is to enter the output bus.

Design Wizard - Ports |

To create a new port click Mew.

u? To change attributes of a port, zelect it on the list. Then
wou can change ite name, range and direction; to set ather
attributes click Advanced.

To delete a port select it on the list and click Delete.

M arne: Bus

[EDD =30 =

Direction
|7 &+ [nput © Output

' Bidirectional

e Delete | Advanced... |

¢ Back I Finizh I Cancel |

Figure 3.10: Design Wizard 1/O Port Entry Window--
(Input Port Entry)

The output bus of the hexadecimal converter example should be seven bits wide (one for
each segment of the LED). We will call this bus O, with the individual signals which make up the
bus being named O<6>, O<5> ... O<1>, 0O<0>, respectively (with O<6> acting as the most signifi-
cant bit, i.e. the signal to be connected to segment ‘g’ of the LED and O<0> acting as the least sig-
nificant bit, i.e. the signal which is to be connected to segment ‘a’ of the LED). This can be
accomplished by entering O in the Name field, setting the range to 6:0 in the Bus field, selecting

Output in the Direction field and then pressing the Finish button.
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Design Wizard - Ports |

To create a new port click Mew.

L To change attributes of a port, zelect it on the list. Then
ol can change ite hame, rande and direction; ko set ather
attributes click Advanced.

Tao delete a part 2elect it on the lizt and click Delete.
I[2:0] 130 Mame: Buz
O5:0] ID[&D] jﬂlj
Diirection
" Input & {utput
" Bidirectional
=T Delete | Advanced... |

< Back I Finizh I Cancel |

Figure 3.11: Design Wizard 1/O Port Entry Window--
(Output Port Entry)

After completing the interfacing details, the HDL Editor window (Figure 3.12) will
appear and will contain the skeleton code for the VHDL model. VHDL files contain two main
sections, the Entity and the Architecture. The Entity section was directly created by the Design
Wizard where it describes the interface between the design being modeled and the outside world.
The Design Wizard also automatically created a portion of the Architecture section which
describes how the design is to function. It is now up to the user to supply the additional VHDL
statements needed to fully describe the implementation. Most of these statements can be entered
into the VHDL skeleton file at the point where the comment has been inserted which states:

-- <<enter your statements here >>
It is at that point that the user is to enter the behavioral or structural VHDL code which
describes the logical operation of the design. The Xilinx CAD tool allows the user to utilize a
built-in Language Assistant to aid in this process. The VHDL template file which was created for

the binary to hexadecimal example is shown in Figure 3.12.
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Eﬂ' bintohex - HDL Editor [_ (O] x|

File Edit Search Wiew Synthesiz Project Toolz Help

D=8 & 2|2 o] | =l |2leleld] 2]
library IEEE;
use IEEE.std logic 1164.all;

3
2

3

4 entity bintohex is

g port

i} I: in STD LOGIC VECTOR (3 downto B);
i 0: out STD_LOGIC_UECTOR (6 downto @)
8 ¥

92 end bintohex;

11 architecture bintohex_arch of bintohex is
12 begin

13 -- <<enter your statements here>>

14 end bintohex_arch;

[ | H

4] | o
For Help, press F1 | Lni,Coll  [WHDL ML S

Figure 3.12: Design Wizard Created HDL Template for bintohex Example

The structure of the VHDL file can be described as follows. Double dashes, *“--”, are used
to introduce comments and semicolons are used to terminate the statements. The Entity section
that was produced by the Design Wizard is complete. It begins with the VHDL keyword entity
followed by the user defined name of the logic design (in this case bintohex). The entity name is
then followed by the keywords is port that designates that a list of input/output ports is to follow.
In this case, we have two bus signals that are defined. One is named | (for input) which is a four
member input vector (direction specified by the in keyword), 1<3> -- I<0>, with 1<3> acting as
the most significant bit (this is due to the downto keyword). The other is a seven member output
vector (direction specified by the out keyword) which is named O, which has seven members
0<6> -- 0O<0>. [Note: The sTp_LocIc_vecTOR defines the vector type. It is declared in the library
IEEE.std_logic_1164.all. It is possible for the user to declare arbitrary data types in VHDL. The data

types defined in this library are standardized allowing for increased portability among VHDL
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simulators and synthesizers.] The entity section ends with the end statement followed by the
design name.

The desired behavior of the Entity section is modeled in the Architecture section. This sec-
tion begins with the keyword architecture which is followed by an arbitrarily defined name for
the architecture (in this case the Design Wizard choose to use, bintohex_arch) which is paired
with the identity of the Entity using the of keyword followed by the Entity name (i.e. in this case
of bintohex). The begin keyword is used to separate the declarative part of the model from the
statement part of the Architecture section. The architecture declarative part is used to make decla-
rations for such items type, signals, and components. For the model presented in Figure 3.12, no
declarations are needed to represent the design so this part is not entered. The VHDL modeling
statements are to be placed in the architecture statement area of the model which is located
between the begin keyword and the end keyword at the point indicated by the comment --
<<enter your statements here >> which was inserted by the Design Wizard. VHDL is very rich
in constructs that allow one to model digital logic using a wide range of styles.

Figure 3.13 shows the final VHDL model which was created for the binary to hexadecimal
converter example by adding additional comments and an additional architecture statement to the
original template file that was created by the Design Wizard. Comments were added as necessary
throughout the model and a with... select...when statement was added to the architecture section.
The with... select...when statement is analogous in many ways to a case statement in the C pro-

gramming language in that provides selective signal assignments. It has the following structure:

with input_signal select
output_signal <= value_a when value 1,
value_b when value_2,

value_x when last value,
value_z when others;

When the input signal equals value_1 then the output_signal is set to value_a. When the
input_signal equals value_2 the output_signal will be set to value_b and so on. In this example,
this construct is being used to implement the truth table that describes the desired binary to hexa-
decimal converter operation (but unlike most truth tables the inputs appear on the right side). The

input_signal and output_signal are both vectors that are defined within the library package
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IEEE.std_logic_1164.all. In VHDL, the logic values that are support include ‘0* for logic low
(forcing 0), “1” for logic high (forcing 1), and ‘-’ for don’t care.

?_ﬁ' bintohex.vhd - HDL Editor

File Edit Search “iew Synthesiz Project Tools Help

D|= (B & &[] ol | o Y A N U e
1 -- UHDL Template File for binary to hex converter example

2 -- File: bintohex.vhd

3 -- B. Earl Wells, HMay 2888, University of Alabama in Huntsville

4 library IEEE;

5 use IEEE.std logic_ 1164.all;

]

7 entity bintohex is

8 port {

9 I: in STD_LOGIC VECTOR (3 downto 8);

18 O: out STD_LOGIC_VECTOR {6 downto @)

11 | H

12 end bintohex;

13

14 architecture bintohex_arch of bintohex is

15  begin

16

17 |-- wvith/select construct

18 -- used to create a simple 7 output/ 4 input truth table {with inputs
19 -- on the right side as shouwn below).

28 with I select

21— outputs inputs
22 - 0<6> 0<5> 0<4> 0<3> 0<2> 01> 0<@ 143> I<€2> I{1> I
23 - gfedcha

24

25 0 <= B IRREEEE wvhen “aaaa",
26 “'aaaa11e” wvhen “aag1t,
27 "1e11e11 wvhen “aatar,
28 1881111 wvhen “aet1t,
20 “118811a" wvhen “a188",
30 “11e1181™ wvhen a1,
31 1111181 wvhen “a11av,
32 “aaag111m wvhen a1,
33 111111 wvhen “1888",
34 1188111 wvhen 181",
35 1118111 wvhen "1818",
36 “1111180" wvhen 1811,
37 “e111681" wvhen "1188",
38 "1811110" wvhen 111",
39 "1111681" wvhen 11187,
L1 "1110681" wvhen 1111,
1 Yo - when others;|
42

43 end bintohex_arch;

kI A

8051 Soﬂware...l @Xsdm_”z_ps - 35 wiewy | ;|D bintohex - verl [W300BG3... ” hintohex.vhd - HDL E__.

Figure 3.13: Final HDL Model for bintohex Example

42



[Note: This illustrates manual editing of the VHDL file without any outside assistance. For
more complex designs one might want to utilize the built-in Language Assistant Tool. To use the
Language Assistant, place the cursor at “-- <<enter your statements here>> “in the VHDL
template file for the design. Then, from the pull-down menu, select Tools, then click on the Lan-
guage Assistant option. The Language Assistant window as shown in Figure 3.14 will appear.
At the touch of the mouse button additional information will be presented and constructs for large
sections of the design can automatically be entered into the design. This is a very powerful tool,

the detailed description of which is beyond the scope of this manual.]]

L'_J Language Aszistant - YHDL

SR T emplates - =]
[+~ Language templates
=- Synthesiz templates
- Barrel Shifter
[+~ Boundary Scan
- Cormparatar
- Debounce circuit
- Decoder
- Encoder
[+ Flip Flops
- Global Clock Buffer

- HEX2LED Corwerter =
[+- Latches LI LI ‘

Hide presdew <<| Ilze | Edit | e | Deletel

Figure 3.14: Language Assistant Window (VHDL)

After the VHDL model has been entered, one needs to check the syntactical correctness of
the modeling code. This can be done from the HDL Editor by using the pull-down window
obtained by first selecting the Synthesis option on the HDL toolbar and then clicking on the
Check Syntax option as shown in Figure 3.15. the same analysis can be done from within the
Project Manager window by first selecting the Synthesis option, and then selecting the Analyze

All Sources option.
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EE'bintohex - HDL Editor

Fil= Edit Search Wiew RGN Project Tools Help
Dlﬁlml@l %l LCanfiguratiarn. .. I j ﬂgl%lﬁlt}lglﬂ
1 [~ uHDL Tenp ISR binary to hex converter example =]
2 - File: bin Olnfions
3 —— B. Earl iy —Poee » University of fAlabama in Huntswille
4 library IEEE; =vnthesize
g use IEEE.std_ Yiew Report H
7 entity bintohex is
8 port
9 I: in STD_LOGIC_UECTOR (3 douwnto 08);
18 0: out STD_LOGIC_UECTOR (6 downto 8)
11 ¥;
12 end bintohex; —
13
14 architecture bintohex_arch of bintohex is
15 begin
16
17 -- with/select construct
18 -- used to create a simple 7 output/ 4 input truth table {with inputs
12 -- on the left side as shown below). You are to complete this truth table
28 -- for all 16 input values.
21
22 with I select
23 - outputs inputs -
Kl ’
1 ol
Check. text for syntax emors Ln1,.Cal1  WHOL ML =

Figure 3.15: Checking the Syntax of the VHDL Model

If there are no coding errors then the following status message should appear. To continue

press the Ok button and return to the Project Manager window.

HDL Editor ]|

& Check Succeszsful.

Figure 3.16: Syntax Checking Status Message

The next step after creating the VHDL file is to add it to the project. To do this for the
binary to hexadecimal converter example from the Project Manager window, first move the
cursor to point to the top hierarchy source tree located under the Files tab on the left-hand side of

the window as shown in Figure 3.17. Click on the right most button and a pull down window will
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be displayed as shown in Figure 3.17. Then select the Add HDL Source Files option with the left

mouse button.

‘% bintohex - design not implemented - Project Manager

File Document iew Project  Swnthesziz  Implementation Tool: Help

Ola| 6] ofs| 57| | #] @] BIG| Wl

Files \,. Wersiar 4|k | Flony \,. Contents \,. Repoarts \,.

=T [Update Frojesct
Eoreell pate Erojest

& p—

Add HDL Source Files...

I
Yiew Project Repaort @ ili_

Sunthesize. ..
SIGM ENTRY 7

Edit Constraintz

)
»
¥ SIMULARTION
e 31 B B EO -
Hde : Checking Started -
Dpm  : Anahzing xbintohexibintohexhintohexyhd ...
Dpm  : Done
Fsm : Check Successful (=
Conzole ,-"HDL Errors ,-"HDL Warnings ,-"HDL Mezzages r.-" ||i| LI

|Add Source Files

Figure 3.17: Project Manger Window: Adding HDL files to the Project

An Add Document window will appear as shown in Figure 3.18. For this example enter,

bintohex in the File name: field, then press the Open button.
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Add Document

Laak ir: Ia bintohes: j gl
1 bintohex
b

File name: Ibintohe:-: Open I
Files of type:  [HDL (*HD*VER:“VE *V) =] Cancel |
Help |

Figure 3.18: Add Document Window

The file *bintohex.vhd’ will appear under the File tab of the Project Manager window
and a message will appear in the text area of this window indicating that this file has been suc-

cessfully added to the project as shown in Figure 3.19.

‘# bintohex - design not implemented - Project Manager

File  Document “iew Project Synthesiz  Implementation Tool:  Help

s EREE R EEEE=EE

Files \ Wergior 4|k Florne \ Contents \ Reports \
- 23 hintohex E
R irto et bintohex -

B hintohex
So 1D

ESIGN ENTRY

e B » B

SYNTHESIS ¥ SIMULATION

a4

1 i Bo o B I @@ 12D | -

Opm  :Anahkzing xibintohexbintohexbintohexvhd .. -

Opm - Done

Fecm Document cibintohexbintohexbintohexvhd added =

Pcrm - Synopsys server initialization -
Conzale S HOL Errors - HOL Warnings / HDL Messages ”ll _bl

Figure 3.19: Completed VHDL File Addition to

The next step will be to “lock” the VHDL signals to the user specified XC4010XL pins.
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User Constraints Entry Phase

In this design example, it will be necessary to assign (lock) the four logical inputs of the
binary to hexadecimal design to the set of DIP switches located external to XS 40 and assign the
seven outputs to the jumper locations which will be used to drive the individual segments of the
externally connected common cathode seven segment LED display. To lock a specified pin name
on the XC4010XL FPGA with the logical I/0O net name specified in the VHDL model do the fol-
lowing. From the Project Manager window, move the cursor to point to the top hierarchy source
tree located under the Files tab on the left-hand side of the window. Click on right most button
and a pull down window will appear. Then select the Edit Constraints option with the left mouse

button.

‘» hintohex - design not implemented - Project Manager

File  Document “iew FProject Synthesis  |mplementation Tools  Help

D] 8] ®ln| 25| el Hl BlS| k)

Files \ Wersior 4| # | Flaova \Cn:lntents \Repn:lrts \
B0

Update Project
Force Update Project
&dd HOL Source Files...

Wiew Project Repart @ ili_

Syntheszize. .

IGN EnTRY

—— » By Iy ﬂ

SYNTHESIS ! SIMULATION

v

J [ » oo lp @@ 10| .

Dpm : Anakzing xibintohexbintohexibintohexyhd ... -

Opm : Done

Fern  Document ibintohexbintohexdbintohexvhd added [

FPermo o Synopsys server initialization -
Console / HOL Errors / HOL Warnings |/ HOL Messages 4] =

Edits project termplate constraints file

Figure 3.20: Entering User Constraints from the Project Manager
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For this design the desired schematic name to Xilinx XC4010XL Pin name cross reference

(i.e. Pin Locks) is shown in Table 3.2.

Table 3.2: Desired Pin Locking (Cross Reference) Configuration

I/O Pin Description “N;/ttlﬁl‘;m e X(;I(;IanXXL

Pin Name
XS 40 DIP Switch #1 1<0> 8
XS 40 DIP Switch #2 I<1> 9
XS 40 DIP Switch #3 <2> 6
XS 40 DIP Switch #4 I<3> 77
XC4010XL Pin 19, (segment ‘a’ of LED) 0<0> 19
XC4010XL Pin 23, (segment ‘b’ of LED) O<1> 23
XC4010XL Pin 26, (segment ‘c’ of LED) O<2> 26
XC4010XL Pin 25, (segment ‘d’” of LED) 0<3> 25
XC4010XL Pin 24, (segment ‘e’ of LED) O<4> 24
XC4010XL Pin 18, (segment ‘f” of LED) 0O<5> 18
XC4010XL Pin 20, (segment ‘g’ of LED) 0<6> 20

The resulting additions to the User Constraints File are shown in Figure 3.21 where the
cross reference described in Table 3.2 was implemented using the

NET <vhdl bus element name> LOC=<symbolic Xilinx pin name>

construct. After these additions have been made to the User Constraints File one should

Save the work, Exit the Report Browser, and return to the Project Manager window
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E] bintohex.ucf - Report Browser _ O]

Eile Edit Search Yiew Toolz Help

s=ENEIRE R af e

#X540 external DIP Switch Connections
MET 1<0> LOC=P8; # DIP Switch 1

MET 1<1> LOC=P9; # DIP Switch 2

MET 12> LOC=P6; # DIP Switch 3

MET 1£3> LOC=P¥7: & DIP Switch 4

#External Seven Segment LED
NET 0<0> LOC=P19;
MNET 0<1> LOC=P23;
MNET 042> LOC=P26;
NET 043> LOC=P25;
MNET 0<4> LOC=P24;
NET 0<5> LOC=P18;
MNET 0<6> LOC=P20;

R
#  BASIC UCF 5'YNTAX EXAMPLES V2.1.6 &
R I R S R S R R R R R S R R R R i

4] |

Ready | Ln15,Cal1 | | |

Figure 3.21: Adding Pin Locking Information to the Project Constraint File

Logic Synthesis Phase

When all the sources are successfully analyzed it is now time to synthesize the design.

Synthesis is an automatic method of converting a higher level of abstraction (VHDL code in this

case) to a lower level of abstraction (primitive-level netlist). To do this, click on the Synthesis

button, » % , under the Flow tab of the Project Manager window. A Synthesis/Imple-

mentation settings window will appear as shown in Figure 3.22. All default settings on this win-

dow should be as indicated on the figure. Click on the Run button and the synthesis process will

start.
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Semthefisdlmplement sl sellings

Tkt [EE—] [ Eo |

Vitsite nae [ D |
Syndrecsn Setngs: SET | Cancel |
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T aiget Direc
[Farmiby | CA00I-1 "'|

ﬂ.rb-.lil_1_l-1_l'|__!l --| 5.-.:|_|.._|l_. -.-|
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™ Wisw Faliratad Painmancs aller O ptr stion

-
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Fier-riea <iaies | |
Control Filss I

Figure 3.22: Synthesis/Implementation Settings Window

When the project is successfully synthesized a small check mark will appear on the Syn-

thesis button of the Project Manager window as shown in Figure 3.23 and the Pre-Synthesis and

Post-Synthesis reports will be produced. They can be found at the Report Tab at Project Man-

ager window.

:» bintohex - verl [401<LPC84-09] - Project Manager

File Document “iew Project Sunthesiz  Implementation Toolz Help

Dl=] 8] &la] alm] Bl E] Bl e

Files * “ersions 4 | k Flowy . Corterts Reports

=R mlbintohey
- &l bintohesxvhi werl
2 hintohex
- B simprims
- B3 xc4000x

SO 1>

DESIGM ENTRY

» B | 2 @

SYNTHESIS ¥ SIMULATION

L
< > Bo o B Il @@ 10 |

Cpm : Done

Fom o Implementation verl Completed Successtully.

Dpm  : Export verl-0Optimized to x3bintohexbintohexdpm_net .
Focm  Reading SynopsysiHiling project

Consale & HDOL Errors 2 HDOL Warnings HOL Messages ”il

Figure 3.23: Project Manager Window after Synthesis is Completed
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Functional Simulation Phase
To perform a functional simulation of the binary to hexadecimal converter example, pro-

ceed in the manner described in the previous chapter. First, click on the Functional Simulation
button, ? on the Project Manager window. This should launch the Logic Simulator win-

dow. Then choose the set of signals which one wants to observe during the simulation. For the

bintohex design these signals include the input bus I and the output bus O. To select these nets/

busses click on Select Components button, =2 _|. Then at the Select Signals windows, choose
the desired signals to be included in the simulation. Do this by clicking each signal with the left
mouse button. Then to select more than one signal, hold on the <ctriI>-key and click on the signals
with left mouse button. Figure 3.24 shows the case where the 13:0, and the O6:0 signals have all
been highlighted using this method. To complete the process, press the Add button followed by
the Close button.

a Logic Simulator - Xilinx Foundation F3.1i [bintohex]
File Signal Waveform  Dewice Ophtiohz Tools Yiew ‘wWindow Help

J_I_I_lil_lmﬂl_lm_lm_lm

&= Waveform Viewer 0

IZ| Component Selection for Waveform Yiewer

I Scan Hierarchy

Gl C145 - LUTA | Root |
C149
. C150
U CO-H106 C151
T Co-N124 EEEE C152

:Ill_lr I e I W] |‘_|"ﬂ —1C2
Sort Sort | Info | Attrib. |

Add | Close | Help |

Figure 3.24: Signal Selection Window
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Figure 3.24 shows the state of the Logic Simulator window after the input bus, 13:0 and
the output bus O6:0 have been added to the observation list. They appear on the left hand side of
the window. To start the simulation, we must of course define the stimulus pattern for all of the
external inputs to the design. In the binary to hexadecimal converter design we would like to have
a four bit stimulus pattern that exhaustively goes through all 16 possible input combinations. For-
tunately, the Xilinx simulation software has a predefined binary counter stimulus generator which
can be used for this purpose. To prepare the input bus so that this stimulus generator can be
applied, one should first “flatten” the bus so that each of the four binary signals which make up
the bus can be accessed separately. To do this one should first highlight the 1(3:0) bus, on the right
hand side of the Logic Simulator window, then click on Signal on the tool bar, followed by the

Bus option, and finally the Flatten option, as shown in Figure 3.25.

! g Logic Simulator - Xilinx Foundation F3._1i [bintohex]

I File Qe =l "+faveform  Dewvice Option: Tool: Wiew ‘wWindow Help

; Add Stimulatars... —

Delete Signals 3
|15n5 |2 On= |25n5 |
[N} 1t

T

[Eambite

EneyFons > T

Delete Stmulators #
1t | 1t

= |e FIA

B|I i . Change Direction [~ - 7 7 mmmmmmmmmm e
Blne Sional H!erarch_'r'... T
[Earrechians. .
| Eird i &1 Dizplay Binary
Stmulator Mode  # D!Splay gCtE.'l
Dizplay Decimal
Search... Dizplay Heradecimal
Select 3
Move to ilJ

Signal Set...

0.0
Figure 3.25: Flattening out the Input Bus in the Logic Simulator Window
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This will separate the bus into the individual signals, 13, 12, 11, and 10 as shown in
Figure 3.26. The next step is to assign the lower four bits of the built-in binary counter stimulus

generator to each of the four individual signals.

g Logic Simulator - Xilinx Foundation F3_1i [bintohex]

File  Signal ‘“wWaweform Dewice Ophtioh: Tools Yiew ‘Window Help

B|B|8| B|L] Al [froed o] 8] 2o Bf[ees -] &8
N (=]

= Waveform Viewer 0

S [=] E3

[ e |t—=nk—[== <2 | e |
”"'”'L”JI S00p=,div | e Eri= 10mns lEns FOns FEns
| 0.0 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

1
1
1
I, . ... ... | e
B

T 00

Figure 3.26: Flattened | Bus Representation

To define the desired clock stimulus waveform for the 13, 12, 11, and 10 signals, click on
the Select Stimulators button, z===|. The Stimulator Selection window will appear as shown
in Figure 3.27. This is the same window in the previous chapter where we defined the periodic
clock signal. This time we are going to assign the individual stimulus binary counter bits to the
input signals and then define the period of the counter. The row of sixteen circles labeled BC: on
the Stimulator Selection window represents in a bit-by-bit manner each bit of the built-in binary
counter stimulus generator (most significant to least significant bit, being assigned from left to
right as labeled in the window). Now we are ready to assign the lower four bits of the built-in
binary counter stimulus generator to the four input signals of the binary to hexadecimal converter
design. We will do this on a bit-by-bit basis starting with the 10 signal and continuing on through

the 13 signal. To assign the 10 signal to the least significant bit of the stimulus counter, it is impor-
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tant to first make sure that both the Logic Simulator and Stimulator Selection windows appear
on the screen at the same time. Then single click on the 10 signal on Logic Simulator window,
move the cursor over to the Stimulator Selection window and click on the right most circle in the
BC: row which is labeled 0. This will cause the BO value (binary counter bit 0) to appear along
side the 10 signal name in the Logic Simulator window as shown in Figure 3.27. Next apply the
same procedure to signal 11 but this time select the circle which one position to the left of the one
previously selected. Continue this process until all four signals have been selected as shown if
Figure 3.27. To exit the Stimulator Selection window press the Close button. The source of the
stimulus has now been defined, but the frequency of the binary stimulus counter needs to be
defined.

i =" Logic Simulator - Xilinx Foundation F3.1i [bintohex]

File Signal ‘wawveform Dewice Optionz Tool: Yiew Window Help
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Figure 3.27: Assigning the Built-in Binary Counter to Provide Stimulus to the I bus

Formula... | Close | Help

To assign a period or frequency to the stimulus binary counter first click on Options on the
Logic Simulator tool bar, and then select Preferences. A window labeled Preferences will

appear as shown in Figure 3.28. Select the Simulation tab from this window and in the Clocks
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area go to the BO Period: field. This is where the binary counter’s period or frequency can be

defined. Then enter a value of 10ns in the B) Period: field and press the OK button.

Preferences |
Simulation | General | Fower On | Reports | Log Filez I
— Clocksz — Memary B ange
B0 Period: Lower b em Address:
|2I:I4E= "I
B0 Frequency: Upper Mem Address:

I'IEIEI MHz vI |2|:|48 vI

Sirmulation Precisian:

I'II:II:ng vI V¥ Transport Delay
ITI Cancel | Help

Figure 3.28: Setting the Period of the Binary Counter

Now that the stimulus is defined for the “bintohex” example we can start the simulation. It
may be more convenient though to display the four bit I bus as a single four-bit vector. This can
be accomplished by recombining the four elements into a single bus. To do this, first select the
four individual signals 13, 12, 11, 10. Then select the Signal option from the Logic Simulator
window and select Bus, followed by Combine as shown in Figure 3.29. This should result in the
I bus appearing in the Logic Simulator window as it did before we flattened the bus to add the
binary stimulus counter. The bus direction, however, may be displayed in a reverse manner from
what was intended (i.e. 10 may be displayed as the most significant bit and 13 the least significant

bit, etc.). If this is the case the direction of the bus should be changed.
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Figure 3.29: Returning the Display of the | Bus signals back to a Bus Representation

To change the direction of the bus first highlight the I bus from within the Logic Simula-
tor window then select the Signal option from the tool bar area, then select Bus, and choose the

Change Direction option as shown in Figure 3.30.

56



g Logic Simulator - Xilink Foundation F3.1i [bintohex]

Signal
Add Signals...
Add Stimulators. ..
Delete Signalz

Waveform Dewice Ophiong

4

| [h:  Delete Stimulatars »
= Bs
Ermpty Bows »
E|L. ; ;
! Elo Signal Hierarchy...
[EERRECHEE. .
Eird i S1E

Stimulatar bMode

Search...
Select
bove to
Signal Set...

Toolz “iew “Window Help

I[=] E3
Mel=<= &0 || mru |

[Earmiie |15ns |ZIIIn5 |z En= |
Flatter'l I IIII|IIII 1ri

Change Direction

Buz Hame...

Digplay Binary
Digplay Octal
Digplay Decimal
Digplay Hexadecimal

4 |

T 00

Figure 3.30: Changing back the direction of the | Bus Representation

Before simulating the binary to hexadecimal converter example one should first make sure
that the display sheet time scale and the simulation step size are set to appropriate values to

accommodate the 10ns clock cycle of the binary counter stimulus. This is accomplished by click-

ing on the increase time scale, 'Luuuu|, and decrease time scale buttons, 'wwwu|, on the Logic Simu-

lation window and then entering the simulation step size in the simulation step size dialog box. To

perform the simulation in a step by step manner, click on the Simulation Step button, a+", as

many times as is necessary to observe the selected signals. Figure 3.31 shows the waveforms that

occur during the first 40nS of an example simulation.

57



g Logic Simulator - Xilink Foundation F3.1i [bintohex] - [Waveform Yiewer 0]

== Fil= Signal

Waveforrm  Dewvice Options

Toolz: Wiew Window Help

_ =] x|

S|Q|S] B 5] A [Frnciora =] & 27| [0 =] @ [eeak ] |5

[ el nJ[—= _=2 || mue ||

4 0ns=
LUJ.u.IJJI S00p=sdiw | I—'—'—'—'I Enis 10m= 1Ens= Z0mns ZEns Z0mns 2Ens
| o_o IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|III
B(I3. ..  (hex)#d = |70 L iz I a S = 7 F---
BlO6 . . . (hex#7 O|[=F oe 5B T4F TEE | (50 JET o7 F---
< | 3 SN I i
40ns

Figure 3.31: Example Simulation
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Implementation Phase

To compile the binary to hexadecimal converter example from the Flow tab of the Project

Manager window, click on the Implementation button, %P » . The Synthesis/Imple-

mentation Settings window should appear as shown in Figure 3.32. All the parameters in the dia-

log boxes should be correct, so click on the Run button.

hprthecindlmplemant ahoen calfimnz

Toplevet | : ST
Vistson naTe | OE, I
Sz Gatinga | _ganesl |
Hedp I
Taiget Derwaci
Farndbr | 'I
r
r
= :
ozl bnplemerighion seiings
Revidonnems  [E20  Optore |
Corinl Filgs SET

Figure 3.32: Synthesis/Implementation Setting Window

After this, a Compilation Flow Engine window will appear as shown in Figure 3.33 with

the appropriate implementation information being sent to the status area of this window as the

compilation process progresses.
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Figure 3.33: Compilation Flow Engine Window

This engine will take the design through the Translate, Map, Place&Route, Timing, and
Configure steps. At the end of process, many files will be generated which can be observed by
clicking on the Report tab of the Project Manager. Errors in this process will require modifica-
tions to the original design. When the implementation portion of the design is successfully com-
pleted the following message will appear

Project Manager

Flaw Enaine werl-xrevl Completed Successiully.

Click on OK. Then return to the Project Manager window to prepare to actually down-

load the design to configure the targeted hardware.
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Programming (Configuration) Phase
This phase is identical to that described in Chapter 2. Please refer to this material to con-

figure the XS 40 for the binary to hexadecimal converter design. When the design has been con-
figured the external LED display should display the hexadecimal symbol which represents the

current state of the four external DIP switches.

61



Chapter 4: Combined Schematic Capture/HDL Design Example

Example

In this chapter, the two previous design examples from Chapter 2 (the binary counter) and
Chapter 3 (the binary to seven segment hexadecimal converter) will be combined to form a com-
plete hexadecimal counter design. The final design will result in a new hexadecimal symbol being
displayed on the external seven segment LED after each master clock pulse of ~1HZ. The hexa-
decimal counter will be constructed by connecting the outputs of the binary counter design
directly to the inputs to the binary to seven segment hexadecimal converter as shown in Figure
4.1. As in the binary counter example of Chapter 2, the clocking signal will originate from an
internal 12 MHZ oscillator which will be directed through a 24 bit prescaler network. To mini-
mize the design effort and illustrate the mechanics of hybrid design methodology, this design is to

be entered using both schematic capture and HDL methodology and constructs.

Bintohex Converter Example (implemented in VHDL in Chapter 3)

Outputs
to LED

: O<5>

<0>
O<1>

i

Binary

g 0O<6>

to Hex

0O<2>
0<3>
O<4>

Converter

AQ
}

1<3> 1<25 1<15 1<0

12 MHZ
XS 40 - . o
Divider Logic oc o
(24 bit prescaler) —— = 4-bit Binary Counter
System
Clock

Binary Counter Example (implemented using Schematic Capture in Chapter 2)

Figure 4.1: Hexadecimal Counter Example
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Setting up the Project

As in the previous cases, to enter this design, first start the Project Manager of Xilinx

Foundation Series 3.1i by double clicking on the Project Manager Icon, of Foundation

3.1i from the Window’s Desktop.
The Project Manager will then display the Getting Started selection window. This win-
dow directs the user either to Open an Existing Project or Create a New Project. For this case, we

would to Create a New Project. Select this option as shown in Figure 4.2. Then click on the OK

button.
-» Project Manager =]
File  Document Yiew Proect  |mplementation Tool:  Help
(1 I[i'l Bl 0| d Getting Started |

Filez \'\ Wersions \..
% ™ Open an E xisting Project

fgﬂﬂbg ;I More projects... |

zhate

|ed-test

w300 :I
calc3ka &

d: hiliree1 b activesprojectsh Fsegment

% (Create a Mew Project

Fem o Start Xilink P [T Alwaye open last project

k. Cancel | Help |

Conzole ,f HOL Errors ,a" HOL Warnings ,a" HOL Messages f ||L| _hl
Ready

Figure 4.2: Getting Started Window

A New Project window will appear as shown in Figure 4.3. We will call this hybrid sche-
matic capture/VHDL design 7segct. Enter this name in the Name field. Make sure that the Direc-
tory field is set to the desired directory and the Type field is set to the appropriate version of the

Xilinx Foundation tool set (Foundation 3.1i in this case). Also make sure that the Flow field for
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this example is set to Schematic, since we will be using a schematic for our base design and will

be incorporating an HDL macro as a component of the schematic. On the XS 40, the targeted
device is Xilinx XC4000 series family device, specifically a XC4010XL FPGA (it is written
directly on the device).Then click on the OK button.

Mew Project |
I arne: I?segct ] 4 I
Cancel |

Directarny: IX:'\?segct

Browze. .. |

Type:  [Fari <] oo |
Flow: % Gchematic " HOL
[«capoo< =] femoxPces x| |3 =]

Figure 4.3: New Project Window

The Xilinx Foundation Project Manager window will appear as shown in Figure 4.4.
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Tseqet (401 0<LPCE4-3) —

DD p B

DESIGM ENTRY ¥ SIMULRTION

\ 4

B » J-» ﬁE@J

IMPLEMENTATION ¥ YERIFICATION

A 4
ool | -

Fom
Fcm
Fom
Fcm

- Reading Xiling project -
e Opening project; x\7 segetiy seget --------—-
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Figure 4.4: Project Manager Window -- Preparing to Enter Schematic Capture Mode
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Design Entry
The first step in entering the hybrid hexadecimal counter example will be to enter or copy
the logical schematic elements used to create the bcount (binary counter) example of Chapter 2

into the schematic associated with this design. To do this first enter the Xilinx Foundation soft-

ware Schematic Editor by pressing the appropriate icon, i, located on the Design Entry

button of the Project Manager Window (see Figure 4.4). Then reenter the binary counter design
(but do not enter the inverters, output buffers and output pads) or copy the appropriate sections
from the previous design using the Windows NT clip board. The portion of the design to be repli-

cated is shown in Figure 4.5.

% Lrbmmalic Edion - [FEEGCTH SCH|

[E] B Edf Mode Opions Hmmcty Wi [iply Tock Window Hel =1 x|
|t @] ||| Q| | ] 1-]ed] 2B o

IE i - d
(o] b — 4
N i I

=1 . —;' o

=

E| [

3

1
] ) o
" pEECT
| e, 08 | | Sulect and Drag

Figure 4.5: Schematic Editor -- Coping Relevant Parts of Four Bit Binary Counter Design

An alternative means to reuse the logical schematic of the bcount (binary counter) exam-
ple of Chapter 2 is to first to open the bcount project from the Project Manager’s File menu.

Then select the Copy Project option as shown in Figure 4.6.
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Figure 4.6: Coping the bcount Project into a new Project Directory

Then simply enter the new project name, 7segct, into the Name: field of the Destination
area of the Copy Project dialog box as shown in Figure 4.7. Once the project is copied, select the
Open Project option from the File menu of the Project Manager window and enter the newly
created 7segct design. Then enter the Schematic Editor and remove the inverters, output buffers
and output pads to make the design appear as shown in Figure 4.5.

Copy Project

— Saource

X
Froject: I:-:: Sboountsboount, pdf Browse. .. |
|

— Destination

I ame: IF"SEEICt

Directary: I:-:: Y7 zegoth 7 segot Browse...

] I Cancel | Help

Figure 4.7: Coping Project Dialog Box

66



The next step is to convert the binary to hexadecimal converter VHDL model developed in

Chapter 3 into a macro which will appear as a symbol in the schematic. To do this, return to the

Project Manager window and click on the HDL Editor icon, on the Design Entry button

of the Project Manager flow window (under the Flow tab). This will launch the HDL Editor
and a window which will allow one to either create a new HDL file or open an existing HDL file
(see Figure 4.8). In this example, we will want to use an existing document (i.e. the bintohex.vhd
file presented in Chapter 3). To do this make sure the Existing document option is checked and
then press the OK button.

HDL Editor =]

— LCreate new document;

g " Use HOL Design ‘Wizard
QI " Create Empty

— Oper:
El (% Exwisting document

ﬂ O 'Dniling21 Shintohes vhd'
2| ¢ 'Dfigstbintohes vhd

| ¢ oLz

= ¢ Dty v

k. I Cancel |

Figure 4.8: HDL Editor Window -- Using an Existing Design (i.e. bintohex.vhd)

At this point an Open window will appear. We want to select the binary to hexadecimal
converter model file, ‘bintohex.vhd’ from the previous design so we need to go back to the previ-

ous project. This is accomplished as outlined in Figure 4.9.
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Figure 4.9: Opening and Exporting the Previous bintohex.vhd Model
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The next step is to create a macro from this file which can be selected as a component from
within the Schematic Editor. To do this, select the Project option from the tool box area of the

HDL Editor. The select the Create Macro option as shown in Figure 4.10.

?__i' bintohex - HDL Editor

File Edit Search Wiew Synthesiz Jall==8 Toolz Help

O|=|6| =] #|E=e] | rere T - Zle|iele] 2

1 —— UHDL Template Fi EEGEGIEEL to hex converter example

2 —- File: bintohex.v| Updatefdaco

& -- B. Earl Wells, May 7608, University of Alabama in Huntsville
4 1library IEEE;

5 use IEEE.std logic 1164.all;
6

7

8

9

| »

entity bintohex is

port

I: in STD_LOGIC_VECTOR {3 downto 8);
18 O: out STD LOGIC VECTOR {6 downto B)
11 }s
12 end bintohex;
13 b
14 architecture bintohex_arch of bintohex is
15 begin
16
17 - with/select construct
18 - used to create a simple 7 output/ 4 input truth table {with inputs
19 -- on the left side as shown below).
28 with I select
21 - outputs inputs
22 - 0<6> 0<5> 0<h4> 0<3> 042> 0<1> 0<@> 143> 142> I<1> I<@>

23 - gfedcha -
S ;IJ

[+ | o
Creates library macro | Ln1.Coll  |wHDL [ MM &

Figure 4.10: HDL Editor Window -- Creating a Macro for the bintohex

A file copy warning message similar to the one in Figure 4.11 should appear. Click the Yes
button to continue.
HDL Editor =l
& File % \bintohex\bintahex\bintahex. vhd' will be copied

to current project's directons =\ Fsegoth Fzegoth
Do wou want ko continue?

Figure 4.11: File Copy Warning Message

The macro should now be successfully created. A status message to this effect will appear.

Press the OK button to continue.
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& Syrbal BIMTOHES successfully created.

Figure 4.12: Macro Symbol Creation Status Message

The BINTOHEX macro that was created can now be selected in the same manner as any

other component. It will appear on the SC Symbols window as shown in Figure 4.13.
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Figure 4.13: Schematic Editor Window -- BINTOHEX Macro Selection

Now the design can be completed using the schematic capture techniques which have
already been presented in Chapter 2. The completed schematic with its associated components
and net/bus names are shown in Figure 4.14. After the schematic is successfully entered, the

design should be Saved and the user should return to the Project Manager window.
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Figure 4.14: Schematic Editor Window: Final Design for the Hexadecimal Counter

User Constraints Entry Phase

In this hybrid HDL/schematic capture hexadecimal counter design example, it will be
necessary to assign the CLK signal to the XS 40 12MHz internal clock as was done with the
design of Chapter 2 and assign the seven outputs to the jumper locations which will be used to
drive the individual seven segments of the LED display as was done with the binary to hexadeci-
mal converter example of Chapter 3. In this case, the binary to hexadecimal converter design is
used as a component macro so the schematic capture net names will be used to specify which sig-
nals one would like to lock to specific XS 40 pins. To lock a specified pin name with the net name
specified in the schematic from the Project Manager window, again move the cursor to point to

the top hierarchy source tree located under the Files tab on the left-hand side of the window. Then
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click on right most button and a pull down window should appear as shown in Figure 4.15. Select

the Edit Constraints option with the left mouse button.

* Fzegct - 401 0£LPCB4-3 - Project Manager M=l
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Figure 4.15: HDL Editor Window -- Creating a Macro for the bintohex model

For this hybrid design, the desired schematic name to Xilinx XC4010XL Pin name cross
reference (i.e. Pin Locks) will be as shown in Table 4.1. (Note: in this hybrid design, the outputs
of the binary counter design now internally drive the inputs to the binary to hexadecimal con-
verter so only the input to the first design and outputs to the second need to be routed to the Xil-

inx’s XC4010XL’s 1/O pins.)
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Table 4.1: Desired Pin Locking (cross reference) Configuration

Schematic Xilinx
I/0 Pin Description XC4010XL
Net Name .
Pin Name
XS 40 12MHz Clock CLK 13
XC4010XL Pin 19, (segment ‘a’ of LED) A 19
XC4010XL Pin 23, (segment ‘b’ of LED) B 23
XC4010XL Pin 26, (segment ‘c’ of LED) C 26
XC4010XL Pin 25, (segment ‘d’” of LED) D 25
XC4010XL Pin 24, (segment ‘e’ of LED) E 24
XC4010XL Pin 18, (segment ‘f of LED) F 18
XC4010XL Pin 20, (segment ‘g’ of LED) G 20

The resulting additions to the User Constraints File are shown in Figure 4.16 where the

cross reference described in Table 4.1 was implemented using the

NET <schematic net name> LOC=<symbolic Xilinx pin name>

construct. After these additions have been made to the User Constraints File one should

Save the work, Exit the Report Browser, and return to the Project Manager window.
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NET CLK LOC=P13;

#5even Segment LED
MET A LOC=P19;
MNET B LOC=P23;
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MET D LOC=P25;
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MET F LOC=P18;
NET G LOC=P20;

B R S R R R R R R R R S R R R R i
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Figure 4.16: Adding Pin Locking information to the User Constraint File

Implementation Phase
This phase is virtually the same as in the previous two examples. To compile the hexadec-

imal counter design from the Project Manager window click on the Implementation button,

% » [ﬂ| which is under the Flow tab. The Implement Design window should appear as

shown in Figure 4.17. All the parameters in the dialog boxes should be correct, so click on the
Run button.
e - |
Devics | 901 0-LFCE4 [T ST E -]

arsion rams I'-'EI|

B evrinn namsa I""‘"

et Dpfions. . |

ok | Caesl | Hee |

Figure 4.17: Implement Design Window

74



After this, a Compilation Flow Engine window will appear as shown in Figure 4.18 with

appropriate implementation information being sent to the status area of this window as the design
compilation process progresses.

.",f Femgot [verl-Feewl] - Xling Flow Engine

Blow Yew Getp Utes Hep

=B BB S|

ACANMCEL Design Flow [rev] alatus: 0K
Translate Map Place&Houle Timing [Sim]
|  Completed | Completed | Funning | |
Humber of CLB= 17 out of 400 i% El
Total Latches 0 out of BO0 [
Total CLE Flops 28 out of 800 3%
4 input LOT= 34 out of BOO %
2 tnput LUT= 0 out of 400 0%

yaerall sffort lawsl (-oll 2 (==t by ussar)
Placer effort lessl {(-pl) 2 (==t by userd
Placesr cost table snbtry (-t): 1
REouter mffort leesl (-rl) 2 (==t by user)
ﬂ
e 1 [w | [« ] [ =]
For Help, paess F1 el E-L-3-FrEd '?sul;l:.tl.nf

Figure 4.18: Compilation Flow Engine Window

This engine will take the design through the Translate, Map, Place&Route, Timing, and
Configure steps. At the end of process, many files will be generated which can be observed by
clicking on the Report tab of the Project Manager. Errors in this process will require modifica-
tions to the original design. When the implementation portion of the design is successfully com-
pleted the following message will appear

Project M anager Ed

Flow Engine werl-»rew] Completed Successfully.
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Click on OK. Then return to the Project Manager window to prepare to actually down-

load the design to configure the targeted hardware.

Programming (Configuration) Phase

This phase is identical to that described in Chapter 2. Please refer to this material to con-
figure the XS 40. When the design has been configured the external LED display should succes-
sively and repetitively display the hexadecimal pattern ‘0’ to ‘F’ in sequence (lowest to highest

with wrap around) with out requiring any interaction from the user.
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Appendix A

Table 1: XS 40 I/O Pins Function

;gnjé Pin #8031 Function Description
1 GND
2 VCC
3 A<0> Address bus
4 A<1> Address bus
5 A<2> Address bus
6 P1.3(43) Switch 3
7 P1.0(40) DLED7 Bit7 of DLED
8 P1.1(41) Switch 1
9 P1.2(42) Switch 2
10 P0.7(30) AD<7> Address/Data bus
11 P3.0(5) Receiver
12 P3.2(8) Interrupt 0
13 12MHz Clock from external oscillator
14 PSEN(26) PSEN Active-Low Program-Store Enable
15 TDI*
16 TCK*
17 TMS*
18 LED<5> and DLED5 Segment 5 of 7Segment and Bit5 of DLED
19 LED<0> and DLEDO Segment 0 of 7Segment and Bit0 of DLED
20 LED<6> and DLED6 Segment 6 of 7Segment and Bit6 of DLED
21 P3.3(9) Interrupt 1 Only connected to 8031
22 P3.5(11) Timer 1 Only connected to 8031
23 LED<1>and DLED1 Segment 1 of 7Segment and Bitl of DLED
24 LED<4> and DLED4 Segment 4 of 7Segment and Bit4 of DLED
25 LED<3> and DLED3 Segment 3 of 7Segment and Bit3 of DLED
26 LED<2> and DLED2 Segment 2 of 7Segment and Bit2 of DLED
27 P3.7(13) RD Active-Low Read
28 P2.5(25) A<15> Address bus
29 ALE(27) ALE Active-Low Address Latch Enable
30 M1*
31 GND
32 MO*
33 VCC
34 M2*
35 P0.4(33) AD<4> Address/Data bus
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Table 1: XS 40 I/0O Pins Function

;'Snjé Pin # 8031 Function Description
36 RST(4) RST, Switch 8 to reset 8031 Active-High Reset
37 XTAL1(15) XTAL Input Clock to 8031
38 P0.3(34) AD<3> Address/Data bus
39 P0.2(35) AD<2> Address/Data bus
40 P0.1(36) AD<1> Address/Data bus
41 P0.0(37) AD<0> Address/Data bus
42 VCC
43 GND
44 Parallel<0> Parallel Port Input
45 Parallel<1> Parallel Port Input
46 Parallel<2> Parallel Port Input
47 Parallel<3> Parallel Port Input
48 Parallel<4> Parallel Port Input
49 Parallel<5> Parallel Port Input
50 P2.4(22) A<12> Address bus
51 P2.2(20) A<10> Address bus
52 GND
53 DONE*
54 VCC
55 PROGRAM*
56 P2.3(21) A<11> Address bus
57 P2.1(19) A<9> Address bus
58 P2.5(23) A<13> Address bus
59 P2.0(18) A<8> Address bus
60 P2.6(24) A<14> Address bus
61 OE Active-Low Output Enable (RAM)
62 P3.6(12) WR Active-Low Write, Also control RAM
63 VCC
64 GND
65 CE Active-Low Chip Enable (RAM)
66 P1.6(2) Serial Receiver XS 4010XL’s perspective
67 P1.7(3) Serial Transmitter XC4010XL’s perspective
68 P3.4(10) Interrupt O
69 P3.1(7) Transmitter
70 P1.5(1) General 1/0
71 DO*, DIN*
72 DOUT*
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Table 1: XS 40 I/0O Pins Function

;'Sn:) Pin # 8031 Function Description
73 CCLK*
74 VCC
75 TDO*
76 GND
77 P1.4(44) Switch 4
78 A<3> Address bus
79 A<4> Address bus
80 P0.6(31) AD<6> Address/Data bus
81 P0.5(32) AD<5> Address/Data bus
82 A<5H> Address bus
83 A<6> Address bus
84 A<7> Address bus
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