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Start a new Project and Select the correct chip setup for the Digilab 2 boards.

[EE New Project Wizard - Create New Project = =]
—Enter a Mame and Location for the Project
Project Mame: Project Location
IMy_state_diagran'i I Digital LabhCurrent Labs'wxiline lab\bdy_state diagram | . |

—Select the Tppe of Top-Level Sournce for the Project

Top-Level Source Type:

| HOL =

tare Info | < Back | Mewt » I Cancel

Click Next. Set the values as shown below.

ES New Project Wizard - Device Properties

Select the device and design How for the project

Property Mame *alue

Product Categorny All v
F arnily SpartandE w
Device »#C35500E v
Package FG320 -
Speed -4 "
Top-Level Source Type HODL

Sunthesiz Tool =ET WHDLA A erilog) R
Sirnulatar ISE Simulatar [WHDLAYerilog) A
Preferred Language WHDL A

Enable Enhanced Dezign Summary
Enable Mezzage Filtering ]
Dizplay Incremental Mezsages |l

< Back H hemt = l [ Caticel

Click Next.



This opens the New Project Dialog box.

Click on New Source.

: Mew Source Wizard - Select Source Type

q IP [Coregen & Architecture ‘Wizard)

&) Schematic
State Diagram

1| Test Bench WaveFom

=| Usger Diocument

] Wenlog Module

| Wernilog Test Fisture -

) VHDL Modula
WHDL Library

F|WHOL Package

" WHDL Test Banch FASUNYSC2ed5208 Digital LabsCurrent Labshsilin |

Select State Diagram and give the file a name. The File name needs to be 8 or fewer

characters. Make sure Add to Project check box is checked. Then click Next. Then,
Finished.



This will open the New Source Dialog box again for confirmation. Click Next and Finish.

Mew Project il

—Create a Hew Source

Source File Type Hew Saurce,.. I
1 iky State_Diagram | State Diagram
Femove |

Create a new source to add to the project [optional]. Only one new source can be zpecified now.
Additional new sources can be added after project creation using the "Froject-»Mew Source'
commarnd

< Back MHext » Cancel Help

This opens StateCAD.
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Oraw State
Machines

Once StateCAD is open access the Design Wizard using button.
State Machine Wizard x|

Select the appearance Prewview

aof the state machine.

— Shape of ztate machine—
" Columin
" Multi-Calurnrn
" Row

..........................

— Mumber of states [3..16]

Help | < Back | Mest > | LCancel

Select a geometric diagram with 4 states and then click "Next”.

Select Asynchronous Reset, then hit “Next”.

Design Wizard : Reset The State Machine . ﬂ

Conzider the specific device being uzed when zelecting
the reset mode. For erample, FPGAs often include a very
efficient global azynchronous reset. Tect

Select whether the reget iz sphchronous or asynchronous.
Later, ko change reset modes, edit the reset's condition,

" Fezet Mode

{* Asunchionous £~ Sunchronous

Help | ¢ Back I et > | LCancel |

To setup the transitions from one state to another, select both the "Next" and "Previous™
options in the "Setup Transitions™ window. Click Finish!



Design Wizard : Setup Transitions il

Each state zan have a transition which returns b it Sample

[loop back]. as well az transitions going from it to the
next state and prewvious state. The zample window
shows the effects of your selections. HEX, PREW

To place the state machine, click Finish. Move the
curzor to the desired location and click the left mouze
bk,

NEXT FRES

Add Tranzition:  Set condition to

[ Loop back: I@ELSE

v Mext: I

¥ Previous: I Diefault |
Help | | ¢ Back I Finizh | Cancel |

The template state diagram has been created but it still needs to be placed onto the blank
diagram window. To place the diagram created from the wizard, left-click anywhere on
the blank diagram; an inch from the top-left corner is a good place.

Now that the basic diagram is in place, we need to add/remove/modify the current
transitions to obtain the correct state diagram for the sequence generator. Left-click on
one of the two boxes of the transition arrow State0-->Statel. This will bring up the
"Edit Conditions" dialog box. Add the condition MODE = "1" in the "Conditions" box.



Edit Condition X|
Candition:
MODE ="' |
Dutputs: Unaszigned outputs are made inactive [i.e. g=0]

: To edit equations created with the wizard, place
the cursar in the equation and click Output
Jugtifp Candition————— —Justify Output
’Vr' Left =" Center ¢ Right ’Vr' Left = Center ¢ Right

I ode
£ Spnchronous

Ericrity II:I_:I Ok |Eancel| Helpl " Asynchranous

[ Mutually Exclusive [ Border

This condition will make the transition State0-->Statel occurs when MODE is true or
'1'". Click “OK”. Your diagram will now have the condition on the transition line.

At some point you will need to resize and move the transition text so as to make it more
readable and organized. This can be done by holding down the left mouse button and
moving the mouse accordingly.

You can use these tools for any modifications. IT Pointer Tool

1” Add State Tool



E“ Add Transition Tool

Double click on Statel.

Edit State x|

State Mame:  [STATE!

Outputs:  Unassigned outputs are made inactive [i.e. q=0]

[ ]
=
Output Yizard Create counters, muxes, etc. with the wizard,

Justifp State Mame————  —Justify Dutput
’Vf" Left s Center  Right (r‘ Left % Center © Right

k. I Cancel | Help |

To assign the correct output for that state, click on the "Output Wizard" button. Select
"Constant™ from the upper left box, type 1 in the "CONSTANT" box, type DOUT in the

"DOUTL1" box, and set the "Data path width" to 1. Click on "OK".

& conztant walue iz azsigned. -

Constants may be in decimal

[default ar in a baze vou specify).

To uze anather base, prefis the _I
-

— Cuzstomize

COMSTAMT

I'I vI LouT

[Vata path width

[ =

Help | Ok I Eancell ™ Rengistered

Do this process again. But, this time, define an output “DOUT2” with data width 1 and
set its constant value to 0. Click “OK”. Now State 1 has two defined outputs.



Edit State 3 x|

State M ame:

Dutputs:  Unaszzsigned outputs are made inactive [1Le. g=0]

LadTt =1"; -
LOUTZ="0"; _I

=
Output ‘wizard Create counters, muxes, etc. with the wizard.

Justifp State Mame—————  —Justify Output
’1‘" Left © Center  Right ’}* Left & Center ¢ Right

k., I Cancel | Help |

Click “OK”. You can see the outputs of Statel on the diagram.

STATEZ

~——s

Alternatively, you may type the value of the output for a given state; no need to run the
“Output Wizard”. Double click State2. Edit the outputs as seen below. Click “OK” when
done.



Edit State x|

State Mame:

Outputz:  Unazsigned outputs are made inachive [i.e. g=0]

LaudTY ='0; -
LadT2=""; _I

[~
Output YWizard Create counters, muxes, etc. with the wizard.

Justify State Mame————— 1 Justify Output
’Vf'“ Left © Center ¢ Right ’Vr" Left ' Center ¢ Right

k. I Cancel | Help |

Continue till all states’ outputs have been defined as follows.



STATED

DOUTL =0,
DOUTZ =0,

STATES

DOUTL =1,
DOUT2=1;

STATEZ
DOUTL =0,

If a state transition is not needed, it can be deleted by left clicking on the transition line
and pressing the delete key. Let’s delete the following state transitions.
State0-->State3

State2-->Statel

State2-->State3

State3-->State?

The state diagram should now look like the following.

STATED

DOUTI = 0,
DOUT2 = 00,

ITATE3

DOUTL = 1,
DOUTZ =1,

STATEZ

DOUTI =0,
DOUT2=1;




We can add additional state transitions by using the E‘ button. Let us add the
following transitions: State0-->State2, Statel-->State3, State2-->State0. To do this,

press the button with the blue curved line E‘ on the left toolbar. Left-click on the edge
of StateO to start the beginning of the transition, indicated by a red box, and once more at
the edge State2 to end the transition. Do the same from Statel to State3 and State2 to
State0. The state diagram should now look like this.

STATED

DOUTI = 0,
DOUTZ = 0,

RESEE

STATES

DOUTL =1,
DOUT2=1;

STATEZ

DOUTI = 0,
DOUTZ =1,

Finish the diagram by applying the following conditions and outputs for each transition:

StateQ-->State2
Condition: MODE ="'0

Statel-->State3
Condition: MODE ='0

State 2-->State0
Condition: MODE ='1’

Statel-->State0
Condition: MODE ="'1"

State2-->Statel
Condition: MODE ="'0



Note: If there are more than one condition for state transition, use ‘and’ operator to
separate the conditions. For example: MODEL =’1" and MODE2 = ‘0’

The final state diagram is shown below.

STATED

DoUT1 =0
DoOUT2 ="0"

R_ESEE

MODE ="'
MODE ="1"
.
[ !
STATES SDE = ' STATE]
DOUT1 ='1*, El DoUTl =1
TN D = I
DOUT2 ="1", LT MODE <1 DOUT2 ="0",

STATEZ

LoUT1 ="0
DoUT2 ="1"

Now save the diagram.

State Bench

Now we need to test our design. Left Click on the State Bench Button
If all goes well, this dialog window will appear.



Optimize Outputs for 5 x|

Select outputs o be made reg

= DouT
& DouT2

[ Disable Optimize Speed

Cancel Help

Output zignals which can be made
regiztered are listed here. Select the
zignals to make into regiztered [+
before the names), or dizable this
optimization. This feature may be
enabled fram the Configuration dialog.

We do not want to optimize any outputs so just click “CANCEL”. Then a small
waveform generator will appear after the VHDL has been compiled.
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Xilinx can automatically generate every single test case possible, just by clicking this

i i i
button ITestbenchi  And the following window will appear.

Automatic Test Bench

¥ SavewHOL Test Bench Az

IE:'\PHDJEETSRMY_ST.-’-'-.TEDI.&GFL-’-‘-.M"\MEIEIH_TE.‘-.-’HD

v Save Fegression As;

IE:&PHDJEETSHMY_ST.-“—‘-.TEDI.&.GH.&MHMDDH_TE.HEG

—Automatic test bench options

[V Exit Effort [1..39] |5 _lj IV Fandom Effort [1..39)
¥ Return Effort [1..99) |1E| _I: Conztrain Timing...
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L
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— Test Bench Optionz

v Logresults | Feporttotal emors W At werify outputs

— Browzer Cantral

= Default browser £ Use your broveser:
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¥ Open automatically

Cancel

Help

Just click “BEGIN”. This will show you the VHDL code along with the waveform.
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Verify that your design is correct by viewing the generated waveform.



Alternative Notations:

You may specify your inputs either as Mode = 1’ or simply as Mode. For Mode = “0’,
you can use !'mode. So, your state diagram may also be implemented as:

STATED

' Doutd-='0" -
Doutl ="'0"

o
STATEL

Doutd ='1",
&, Doutl ='04

STATES

Dol ='1" L
Dol ="'1"

STATEZ

Doutl ='1";
Droutd ='0"

i}

For multiple inputs, you can either Abel notation A & !B & C or using VHDL notation
A="1' AND B='0" AND C="1".
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