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Using CAD Tools to Design Circults

A Computer -Aided Design (CAD) tools have become
essential to the design of digital circuits

A Design entry

» schematic capture T graphic entry of circuit elements
» hardware description languages and circuit synthesis
A two major languages i VHDL and Verilog
A Simulation
» functional simulation 1 verify logical correctness
» timing simulation T verify that performance goals are met

A Timing analysis
» analysis of delays in circuit components and wiring to

verify that timing constraints are satisfied
5-2



& Washington University in St.Louis

Engineering

Simplified CAD Tool Flow

/5 VHDL source <
syntax l
check |
\.| Synthesis
netlist —— Behavioral
l Simulation
T
i VHDL
Implementation LR
l !
Timing L | Timing
Analysis FPGAlb'tme | Simulation
Device |
Configuration PROM file
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Using/Installing CAD Tools

A CAD tools are installed on CEC (start => Engineering=>Xilinx)
» can be accessed on mirage using Remote Desktop

A Register for Xilinx University program (XUP)
» Www.Xilinx.com/univ/

ATo install tools on your own computer, download webpack from
» Www.Xilinx.com/support/download/index.htm

» Follow installation instructions
» accept the defaults if you can
Ado not install i n AProgram Fileso or any
» install all the selected tools (including the programming drivers)
» to save disk space, install only Spartan device files
A Download and install Modelsim (Optional)
» www.xilinx.com/ise/optional _prod/mxe.htm
» do not purchase , just download zip file, extract into temp directory
and run Setup.exe T during setup specify free starter version
» select Full VHDL when prompted for the language support
» after installation, select
AStart Y Programs Y Modelsim Y Submit License Request
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Starting New Project

A Start Project Navigator
by selecting

» Start

Ve

Y Programs
Xilinx ISE

Y
Y Project Navigator

New Project

Enter a Marme and Location for the Project

Broject Name: Project Location

I Xilinx - ISE

File Edit “iew Project Source Process Window Help

BRI

Mew Project. ..

Engineering

=10l x|

Cpen Project. ..

Open Example...

Close Project >

Save Project As. ..

4 Specify
Spartan3

e
Mewy Ctrl+N - .
toe e |Y New Project
Close \
Bl Save Ctrl+$S
Save As...
‘Bl Save Al =l
A prirc..

xc3s500
fg320.

= Selectthe Device and Design Flow for the Project

calc |C:'\,26E|designs\2008\calc

Selectthe Type of Top-Level Source far th
Top-Level Source Type:

HOL

Specify
name and
location

ore Infio

< Back | Plext » |

Property Name Yalua / / |
Product Categary [ 2] /) ]|
Family |Spartan3 / / ]|
Device [<C3S200 Yy =l
Package |FT256 =l
Speed |-5 ]|
Top-Level Source Type | HOL |
Synthesis Tool | %7 WHDLAerilag) |
Simulatar todelsim-3E YHDL |

e

End
Dis
Modelsim
\
kMore Info

[
—
—

< Back ‘ Mext > |

Cancel

Speedis -4

_1

L]

QC[IIL.I:I | ‘
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Creating VHDL Source File

NI Xilinx - ISE - C:\26C =10] x|

File Edit “iew |Project Source Process Window Help

O BB LE New Source... %\‘[ - ~
: Add Source. .. PrOjECt
i Sources for: | Synth Add © Fe -
8 coiou o DAl bl Y New Source

e fYcas2On-ER? Cleanup Project Files

Toggle Faths

Archive. ., enter
Take Snapshot..,
Make Snapshot Current name

- X
Apply Project Properties. .. J

| B Sources @Snamhﬂtﬁ | [y Libraries | T IP (Coregen & Architecture Wizard)
| [©] Schematic

Processas. | =4 State Diagram

|:| Add Existing Source EEStBDEHChWEtVBFDrm File nafle:
i| ~M  Create New Source - seriocumen — )
| &%  Design Utilies [] Verilog Module |caln:u|at|:|r

[¥] verilog Test Fixture L .
- [ VDL Module oo
] = [ywHOL Likirary |C:‘.,EEIZIdesigns\EDDB\calculatDr J
_ %ﬂj [F]VHOL Package
5 [ WHDL Test Bench
Select
VHDL MOdUIe W Addto project

) | | bdore Info < Back ‘ et > Cancel

] Console | @ Emors J A Warnings J i Tl Console | g FindinFiles |

: Add a new source to the project
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Entering VHDL Source and Checking

'Z% Xilinx - ISE - C:\260designs\2008\cal — o] x|

ile Edit “Wiew Project Source Process Window Help =R

select

. g8l C|[ALXHEE R|A P
synthesis A A S e A I VHDL
E ources for: [ Synthesis/implementation j 2 -- 3imple Binary Calculator
In mode é----'.fujc:alc:ulaturd\.-"l 3 -- Jon Turner, 12/2007 editor
. £ xc3s100e-Ftg144 4 --
menu 2. [l top - topdrch (topvhd) 5 -- This circuit implements a simple binary calculator wit
[4gl calc - caloulatar - a1 (calculatorvhd) 6 -- operations
[ S3.ucf (S3.uch) To--
g8 -- clear stored value
Gl - - enter new value
10 -- add to stored value
11 --
&g Sources | e Snapshats J [ Libraries ‘ ii -- The input data and the result are both 8 bit wvalues.
E 14 library IEEE;
Frocesses: j 15 wuse IEEE.STD LOGIC 1164.ALL; =
; C:‘;ﬁ;’“h:\;—*;o”u“r'c: 16 use IEEE.STD LOGIC ARITH.ALL;
. . ) 17 usge IEEE.STD LOGIC UMSIGHNED.ALL:
- 5 Wiew Design Summary 18 - -
¥ Design Utiities 19 entity calculator is port |
-%  User Constraints 20 clk: in =td lodic:
5. 0.0\ Synthesize - X5T : —od . .
- D@ View Synthesis Repor 21 clear,l load, achL in std logicy - Sllgnals to
) - 22 dIn: in std logic vector (7 downto 0); -- 1nput data
2 V!BWRTLSChema“C ) 23 result: out std lggic vector (7 downto 0) -- output resu
L @ Wiew Technology Schematic 24 v - -

f 25 end calculator; =
g | »

i, Design Summary calculatorwvhd
x| J|

3tarted : "Launching Design Summary".
Error

Messages

21

Started : "Launching ISE Text Editor to edit calculator.vhd".

< |
[E] Console | @ Erars ‘ L WWarnings ‘ el Tl Console | g Find in Files

Ln 1 Col 1 |CAPS |NUM | SCRL | WHDL
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Preparing to Simulate
=10 x|

& File Edit Wiew Project Source Process Window Help =
O BB & 5| New Source...

Add Source, ., |l —~—~ <~ . Y =
= for: | Synth %
EDurCES TTEE add Copy of Source...
i B calculator-yT 3
4 £9wcdsl00e-btgle  Cleanup Project Files 4
- [ top - topé Toggle Paths f  -- This circult implements a simple bilnary calc
L[cale-ca b -- operations
5----@83.um‘(5 Archive. .. TR
Take Snapshot... - clear =tored walne
Make Snapshot Current 3 :: ng E New Source Wiz: ;i_lﬁ
Apply Project Properties.., [ -- Bhdtd File
= Sources | e Snapshats ] 7 Libraries ] T2 -- The in IF (Curggen & Architecture Wizard)
13 -———-—--- MEM File
= 14 library I |[¢]Schematic
F_’FDCESSBSS 15 use IEEE. |[lmplementation Constraints File Eile name:
- Add Existing Source ld use IEEE. {\ State Diagrarm |testit|
|:| Create MNew Source 17 u=e IEEE. [+] Test Bench WaveForm .
4% Design Utilties 18 [E] User Dacument Location:
“P) Check Syntax 19 entity ca [«]werilog Module |C;'-.,EEDdesignshEDDEHcalculatDrdﬂ.D
<] | ﬂ z — ol [¥] Werilog Test Fixture
Ef Processes . | [ vHDL Module
L Design Summary | | & iDL Library
x| [F]%HDL Package
- " . : 13 B L
Started : "Launching Design Summarcy™. DL Test Bench P Addto project

N

Started : "Launchin Select VH D L
kdore Info < Back T gt » Cancel
| | testbench e |

e
[E| Consale | @ Erars I 1 Mamings I il Tl Console J i Find in Files J

Add a new source to the project Ln 1 Col 1 [ZAPS | MHUM | SCRL [ WHDL 5-8
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Testbench for Calculator
Specify instance of ]

entity testitl_vhd is end testitl vhd;
calculator module

architecture behavior of testitl _vhd is Process to

begin generate 50
uut; calculator port map(clk, clear, load, add, din, result); MHz clock
process begin -- clock process for clk

clk_loop: loop
clk <='0"; wait for 10 ns; clk <="1"; wait for 10 ns;
end loop clk_loop;

end process; Sequence of

tb : process begin Input S'Qnals
clear <="'1"; load <="1"; add <="1"; dIn <= x"ff"; wait for 20 ns;
clear <='0"; load <="1"; add <="0"; dIn <= x"55"; wait for 20 ns;
clear <='0"; load <="1"; add <="1"; dIn <= x"aa"; wait for 20 ns;
clear <='0"; load <='0"; add <="1"; dIn <= x"55"; wait for 20 ns;

;:.I.ear <='0"; load <="'0"; add <="1"; dIn <= x"59"; wait for 20 ns;
wait for 20 ns;

assert (false) report "Simulation ended normally." severity failure;

end process; : :
end: Force termination
with false assertion
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Starting Simulation

= Xilinx - ISE - C:\260designs)\ _|o] x|
[« File Edit Wiew Project Source Process Window Help -8 x|
D2EHA S|P EE R|A

select
Behaviorial

. E = 41 process begin  -- clock process for clk j
SImUIatlon —emeEE O | Dehavioral Simulation j 4z clk loop @ loop
f - & calculatory 43 clk <= '07; wait for 10 ns;
21 €% %351 0025144 44 clk <= "1"; wait for 10 ns;
5. Dertestitl _whd - behavior (testit! whd) 45 end loop clk loop;
\/ © e[ uut- calculator- a1 (calculatorvh) 46 end process;
se I ect 5. testit?_vhd - behawior (testit? vhd) 47
#1- [ uut - top - topdrch (top vh) 48 th : process begin
tEStbenCh 44 clear <= "1%; locad <= "17%; add <= '17"; dI
flle 50 clear <= '0"; load <= "1'; add <= '0"; dI
51 clear <= "07; locad <= "17; add <= '17; dI
B Sources | ¢ Snapshots J [ Libraries I 52 clear <= "0%; load <= "07; add <= "17; dI
53 clear <= '0"; load <= "0'; add <= '1"; dI
et T clear <= '0'; lead <= '0"; add <= "1'; dI
Processes: | 55 clear <= "0"; load <= "07"; add <= "17"; dI
|:| Add Existing Source 56 clear <= "07; load <= "07; add <= "17"; dI
- Create New Source 37 clear <= "07"; load <= "0"; add <= "17; dI
3%  ModelSim Simulator 58 clear <= '0"; load <= '0'; add <= '1'; dI
Sirmulate Behawvioral kodel 58 clear <= '0"; load <= '0%; add <= "17"; dI
1l rlear <= TN 1nad <= "07: Aadd «= T17: AT T
Frocesses LI—I . : : :
5 Design Surmrmary ‘ calculatar.vhd testitl.vhd | ) testit? vhd

double -click
here to start
simulation o

| |
|§J Console @Errurs I L\.Warnings J @TCI Console \pg Find in Files

Ln 48 Col 22 | CAPS | MU | SCRL [WHDL
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Running Simulation

%] ModelSim XE III/Starter 6.1e - Cus
File Edit Yiew Format Compile Simulate Add Tools Window Help

main ModelSim
command

TR RN EIE smﬂ;?}@@@\//z

Cantains: &7 “ AE¥E i
‘YWorkspace
¥ Instance ~|Design

B numeric_std nummerc
M standard standar 90
M std_logic_1164 std_lgi Run | a”
B std_logic_arith std_logi
M std_logic_unsigned  std_logi
testit] _whd testit] _w

restart and

buttons

Tools  Window

window

Zoom dock/
controls undock
x|

Gl e || b X ||k @l u

BORCRLY: i

S a

& line__ N
!—0 th File Edit “iew In Format
i ECCEE AT
[ 4 TEF[ 0Bl B
us_e to add ¥ ftestit1_vhd/clk 1
signalsto || o jesiitt_vhajclear [0
waveform — [—_| ¢ festiti_vhdlload |0
1

window y ¥ ftestitl_vhd/add

& Tirne: 260 ns Iteration: 0 Process: Iﬁestiﬂ_\.fhd 1i* ’test“ 1_Vhdl'.d|n 59

# Break attestit] vhd line B5 ) .
# Simulation Breakpoint Break attestit] vhd line £ 1" ,"testlﬂ_vhd,"result GF
# MACRO ftestitl _vhdfdo PAUSED atline 13

Z

IEpEREREREREREREREREN

\_‘
.

FE 55 IAA I55

01 02 103 (14 25 |37 |48 |59

lod =5 |aA FF

lod W\os |19 |3 175 JBD |16 |

|~

W3IM{paused)>
/ Now (0 ps
; 0
Mo 260 ns Delta./ Cursor 1 |0 ps

H.icl)cl)I(J .|.........|.\........

0 ps

waveforms

]

appear here [ -

window 1552 ps

‘ MNow: 2680 ns Delta: 0

L waveform mimiE
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Implementing Calculator on S3 Board

Rotary Knob
Value Di, |

btn O add
btn 1
btn 2

Q > result LCD
result

load

00

clear

mclk clk

A Top level circuit
» InStantiates contains calculator sub - circuit

» connects its inputs and outputs to pins on FPGA that
are wired to external components
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VHDL for S3 Implementation

entity top is port(

mclk: in STD_LOGIC; ent|ty A
btn: in std_logic_vector(3 downto 0); Specifying
swt : in std_logic_vector(3 downto 0); knob. LCD
led : out std_logic_vector(7 downto 0); g 2
rot : in std_logic_vector(1 downto 0); etc. Y,
knobPress: in std_logic; ~N

SF D : out std_logic_vector(3 downto 0);
LCD _RW : out std_logic; LCD RS : out std_logic;
LCD_E : out std_logic; SF_CEO : out std_logic
end top;
architecture topArch of top is
component calculator port (
clk: in std_logic;

component
declaration

for calculator
sub-circuit )

clear, load, add: in std_logic; ass_,lgn

din: in std_logic_vector(7 downto 0); _meanmngI

result: out std_logic_vector(7 downto 0)); S|gnal Nnames
end component; to buttons

signal clear, load, add: std_logic;
signal din: std_logic_vector(7 downto 0);
signal result: std_logic_vector(7 downto 0);

instantiate
calculator
component

begin

clear <= btn(3); load <= btn(2); add <= btn(1);

din <= swt; led <= result;

calc: calculator port map(mclk, clear, load, add, din, result);
end topArch;
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Simulation of Calculator

=10] x|
File Edit ‘“iew Insert Format Tools ‘Window
IS E& E BB A% || SHER|| N KT v
iélﬂjﬂ}ﬂjﬁ
<% btn 000[000 /{100 000 J010 000 100 00§ 001 000 ]001 080 | |-
* clk 1 WL LU DL L L L L
¥ clear 0 | |
¢ load o | |
¥ add 0 l | Q F
=9 din 77 |FF 01 o2 I
=9 result 74 XX FF 00 | /\_lotfoefos 05]07]0g b
Now | ps B // 200 ns // 400 ns
Cursor 1 D ps |nn/ / -
| verification of — L
| 0 ps to 546869 clear, load 060 n problem with add need button 1
1 ’ each button press press to make
causing multiple adds internal signal

Khigh for one tick D
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Modified Architecture

architecture topArch of top is

component calculator ... end component;
signal clear, load, add: std_logic;

signal dIn: std_logic_vector(7 downto 0);
signal result: std_logic_vector(7 downto 0); delayed

signal prevBtn: std_logic_vector(3 downto 0); _ version of
Input buttons

begin
-- generate internal signals that respond to button pushes
process (mclk) begin
if rising_edge(mclk) then prevBtn <= btn; end if;
end process;
clear <= btn(3) and (not prevBtn(3));

load <= btn(2) and (not prevBtn(2)); internal signals go
add <= btn(1) and (not prevBtn(1)); high for one tick on
button press
din <= swt; led <= result;
calc: calculator port map(mclk, clear, load, add, din, result);
end topArch; /~ I

Some (but not all) button presses still produce multiple
adds when circuit is tested on S3 board. Why???
Mechani cal buttons can Abounce|o

multiple low -to-high transitions when button is pressed.
\ P J P _/ 5.15
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Debouncer
_ _ dBtn responds only
entity debouncer is port( t o Nstabl el C
clk: in std_logic; iNn btn

btn: in std_logic_vector(3 downto 0);
dBtn: out std_logic_vector(3 downto 0));
end debouncer;

with 50 MHz clock,
20 bit counter gives
20 ms delay

architecture debArch of debouncer is
signal prevBtn: std_logic_vector(3 downto 0);
-- for simulation, make count 2 bits long, for S3, make it 20
signal count: std_logic_vector(19 downto 0);
begin
process(clk) begin
if rising_edge(clk) then
prevBtn <= btn;
if prevBtn /= btn then count <= (others => '1");

when change detected,
start counting down
from max value

elsif count /= (count'range => '0') then count <= count - 1;
else dBtn <= btn;
end if;
endt— if count gets to 0,
N d%r;dbzgﬁ?ss’ propagate change
! to dBtn
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Version of Top Using Debouncer

architecture topArch of top is
component calculator ... end component;
component debouncer ... end component;
signal clear, load, add: std_logic;
signal dIn: std_logic_vector(7 downto 0);
signal result: std_logic_vector(7 downto 0);
signal dBtn, prevDB: std_logic_vector(3 downto 0);
begin
-- debounce buttons and generate signals on button pus
dbnc: debouncer port map(mclk, btn, dBtn);
process (mclk) begin
iIf rising_edge(mclk) then prevDB <= dBtn; end if;
end process;
clear <= dBtn(3) and (not prevDB(3));
load <= dBtn(2) and (not prevDB(2)); respond to changes of
add <= dBtn(1) and (not prevDB(1)); debounced signals

generate debounced
versions of button
signals

din <= swit; led <= result;
calc: calculator port map(mclk, clear, load, add, din, result);
end topArch;
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Simulation of Final Version

( | ) .
Iit ilnsert Format Tools Window Verlfy no _@ﬁ
[Dswa s neoo ar || eaan|sgq esponseto o
DEREE Lk (_short presses
=9 bin 0 |0 7o [ 2=—% o 14 o T b T o 1P
=% dBtn X x| o la lo 2 lo la lo 11 lo 11 lo
* ck o (UL DU UTU UL H U U U UIr i ua iy
— External signals | )
¥ clear 0 | | [
¥ load 0 ] N
+ add 0 ] [ B
— Internal signals |— ]
¥ clear U | | ] 1
¥ load u | ]
¥ add u | [ ] [ |
—dinand result —|— ] I
=9 din FF |FF 155 FF o1 log I
=9 result XX XX 0o IFF 0 01 03 i
N — O~ ¥
Now |1 ps // 400 ns // éoo ns 120
Cursor 1 'ps |0
TG — .M’ each button press =N
[0psto] Ver|f|Cat|0n Of 200ns Delta: 0 '[I‘Iggel‘S S|ng|e add y
clear and load :
. N operatlon y Siih
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Simplified CAD Tool Flow

/5 VHDL source <
syntax l
check |
\.| Synthesis
netlist —— Behavioral
l Simulation
T
i VHDL
Implementation LR
l !
Timing L | Timing
Analysis FPGAlb'tme | Simulation
Device |
Configuration PROM file
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User Constraints File

A The ucf file defines mapping of device pins to
Inputs and outputs of top  -level VHDL entity

NET "btn<0>" LOC = "M13";
NET "btn<1>" LOC = "M14";

NET "led<0>" LOC = "K12",
NET "led<1>" LOC = "P14",

NET "mclk" LOC = "T9",
NET "swt<0>" LOC = "F12"
NET "swt<1>" LOC = "G12"

A Also Is used to define target clock frequency

NET "mclk"” TNM_NET = "mclk";
TIMESPEC "TS_mclk" = PERIOD "mclk" 20 ns HIGH 50 %;

A Add as source file to your project

» you will find ucf file for S3 board on web site
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Set Synthesis Properties

right -click on
Synthesis
and select
Properties

recommended
settings include
Optimize Area,
Keep Hierarchy

Advanced
Display
Level
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