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Tutorial 2: Sequential Logic Circuits using Aldec Active-HDL and
Xilinx Vivado

This tutorial will guide you through specifying a design for a 3-bit up/down counter using Aldec Active-HDL.
The software includes a State Diagram wizard that allows you to draw a state diagram, specify paths and
conditions, etc. This tutorial assumes that you have a basic familiarization with Aldec Active-HDL. If not, you
may want to review “Tutorial 1 - Combinational Logic Circuits using Aldec Active-HDL and Xilinx

Vivado”.

This tutorial will guide you through:

e Setting up a new workspace

e Using the State Diagram wizard to create a state diagram, including the definition of states, conditional
transitions, and outputs.

e Simulating the design using stimulators (clock waveforms in this example) and verifying that the output
waveforms are correct.

e Using the created sequential circuit as a component. This component, along with a component to create
a 1 Hz clock and a component for a BCD to 7-segment decoder, will be incorporated into an overall
VHDL file to be synthesized and implemented on the BASYS3 FPGA board.

Refer to the tutorial “Tutorial 1: Combinational Logic Circuits Using Aldec Active-HDL and Xilinx
Vivado” for synthesizing and implementing a design on the BASYS3 FPGA board.

1. Creating a Project with Aldec Active-HDL
e Launch Aldec Active-HDL
e If licensing windows appear, select Next until the Getting Started window appears as shown below.
o Select Create new workspace as shown below and then select OK.

Getting Started x

Zh c

bare...

|| * Create new workspace

[ Do not show this window again

-

_, ............ DK._ Cancel




e Enter a name for the workspace (Counter3Bit was selected below), change the location of the
workspace folder (or use the default as below), and select OK. Note that the name for the project
workspace, VHDL entity (to be entered later), and architecture (to be entered later) should be the same.

MNew Workspace >

i3 Specify baszic information abaut the new waork space.

Type the workspace name:

|Eu:uunter38it

Select the location of the warkspace folder;

Browse. ..

|c:'\m_l,l_designs'x

v &dd Mew Design to ‘Workspace

ak. | Cancel

e Select Create an Empty Design with Design Flow as shown below and select Next.
Mew Design Wizard >

How would you like to create Design Resources?

(" Create an Empty Design

(" Add existing Resource Files

(" Import a Design from Active-CAD

B i 1

This option creates an empty design and enables Design
Flow Manager. *fou can select a vendor of your synthesis or
implementation toal, technaology, librares, and specify the
default HDL language of your new design entry sounces.

MNext = Cancel




e The next window that appears shows information about synthesis tools and implementation tools that
might be configured to launch automatically from Aldec Active-HDL. Synthesis tools can also be
launched separately rather than integrating them into Aldec. We will launch Xilinx Vivado separately,

S0 you can ignore most settings shown. Select VHDL for the Default HDL Language and then select
Next.

Mew Design Wizard *

Specify additional information about the new design.

C-Synthesis tool:

<none:

Synthesis tool:

<none:

Physical Syrthesis tool:
<none:

Implementation toal:

<none:

Default Famiy:

Flow Settings

Block Diagram Configuration:  |{BZEN 45|18 BT TTELS hd

Defauit HDL Language: [|vHDL ~|

< Back Next = Cancel |

e Enter the design name. Note that it should match the workspace name used earlier (Ex1 for this
example). Enter the name and select Next. Select Finish on the final screen shown below.

Mew Design Wizard X New Design Wizard X

Specify basic information about the new design. The new design will have the following specifications:

Type the design name:
|CourrterBEi‘t

Design name: Counter3Bit

Select the location of the design folder:
|c:'-.My_Designs \Counter3Bit Browse...

[ Do not create design directory

The name of the default working library of the design:
Counter3Bit

The name specified here will be used as the file name for the
library files and as the logical name of the library. You can
change the logical name later on.

Design filz path: Design file path:
|c:\My_Designs\CourrterBB'rt\CounterEB'rt\CounterSBit.adf MMy Designs \Counter3Bit\Counter3Bit \Counter3Bit ad

< Back Mest = Cancel | < Back | Finish | Cancel




2. Specifying your sequential circuit design using a state diagram
e The Design Flow Manager screen should have appeared after the last step.
e The Design Browser should appear on the left of the screen. If it does not appear, it can be toggled on
and off using Alt + 1.
e Double-click on Add New File under the Design Browser and the Add New File window should appear.
e Note that there are several types of files that can be specified and that a new file wizard can be used to
assist you in specifying inputs and outputs. Select Wizards, select State Diagram, enter a File Name
(Counter3Bit in this case) and then select OK.
(&]
Eile Edit Search Xiew Workspace Design  5Simulation  Tools  Window Help
B-= N E B OSSO D S R R 5= [= 5= Mo sim
|T0p—LeveI selection j = ‘ _’W
Ol Unsorted = m
Workspace "Counter3Bit": 1 designi(s) Add Mew File *
4@ Counter3Ris Hp Wizards]
&%) Add New File e —
% Add New Library — - i i ({} i e
lr‘ Counter3Bit library VHDCI_ngurce Block Diagram .;ﬁ-zt:n(;gde Veﬁl%g':ldseource.
Cancel

e Select Next in the screen below on the left.

Select VHDL and then Next in the screen below on the right.

MNew Scurce File Wizard

*

This wizard will create a source file with an initial block
diagram using the design specification you will enter in
the following wizard dialogs.

[¥ Add the generated file to the design:

Clear this check box i you do not want to add the file
generated by the wizard to the cument design.

Cancel

Mew Source File Wizard - Language

Choose the language that will be generated from the
block diagram. This can be changed from the Block
Diagram Editor if required.

" EDIF

< Back Next > Cancel




Enter the source file name (Counter3Bit) in the window shown below and select Next.
X

Mew Source File Wizard - Mame

Type the name of the source file to create:
Counter3Bit

Browse

You can use the Browse button to specify the file.

Type the name of the entity (optional):

By default, the entity name is the same as the file name.

Type the name of the architecture body (optional):

By default, the architecture name is the same as the
entity name.

< Back

| Mext > |

Cancel |

Before we proceed, it is a good idea to be clear on exactly what inputs and outputs are needed for a 3-bit
up/down counter. The counter will require a clock input, a count direction control (x), and a 3-bit output

(ABC where A is the MSB).

Select New in the window below on the left to add a new port. Name it X with direction in.
Also add input port CLK as well as output ports A, B, and C as shown below and then select Next.

Mew Source File Wizard - Ports *

To add a new port, click MNew.
To edit a port, select it on the list. Then you can change
its name. direction and type. To quickly change the index

constraint of a port of a one-dimensional amay type, use
the Aray Indexes box.

To remove a port, select it on the list, and then click

5 Delete.
] Mame: Amray Indexes:
X ==
Port direction
* in " inout
- ™ out " buffer
Counter3Bit
Mew Delete Type...
< Back | Finish | Cancel |

Mew Source File Wizard - Ports *
To add a new port, click New.
To edit a port, select it on the list. Then you can change
its name, direction and type. To quickly change the index
congtraint of a port of a one-dimensional aray type, use
1 sl the Amay Indexes box.
To remove a port, select it on the list, and then click
Delete.
el [A MName: Amray Indexes:
B CLK : :
H P c | = =
Part direction
Ch— |x * in " inout
- " out " buffer
Counter3Bit
New Delete Type...
< Back | Finish | Cancel |

Note that after selecting Next in the screen above, a message appears (shown below): “You have not

entered any clock port. Do you want port CLK to be a clock?”” Select Yes.




To add a new port, click New.
To edit a port, select it on the list. Then you can change
its name, direction and type. To quickly change the index
constraint of a port of 2 one-dimensional aray type, use
. Al the Amay Indexes box.
To remove a port, select it on the list, and then click
Delete. . .
el n Name: Amay Indexss: Mew Source File Wizard
B CLK : :
P c | ==
Port direction You have not entered any clock port.
Cl— |[x {* in " inout Do you want port "CLK' to be a clock?
- " out " buffer
Counter3Bit
Yes Mo
MNew Delete Type...
< Back Next = Cancel

e Before proceeding the state diagram to be implemented must be known. In this example a 3-bit (mod-8)

up/down counter is to be implemented. In input switch X will be used where the counter will count UP
when X=1 and the counter will count DOWN when X=0. So the desired state diagram is:

Add your state diagram here (by hand)



e Individual states and state transitions can be added in Aldec, but the State Machine wizard will do a lot
of the work for you. In the example below

Mew Source File Wizard - State Machine =
Number of states (0 - 20): [8 j
States layout: Circular bl
Transition: Bath A

>< n& )
- Reset state: m

Design Unit Header:

library IEEE;

B use |EEE std_logic_1164 all;
use |EEE std_logic_arith.all;

uze |EEE std_logic_unsigned.all;

—J CLK

Default Design Unit Header |

Advanced

Counter3Bit Trap state: [Nore =]
Default state: lm

< Back | Finish | Cancel |

e The state diagram is now displayed as shown below.

4]
File Edit Search View Workspace Design Simulation FSM  Tools Window Help Towox
B-ohM zE §F 80NT 0T ODh €28 | rrr 00ns 5= (= 6=
> Qmeaqana.p ¥ =
|T0p-Le\reI selection ﬂ o o S S - T B [ § R | o=
O|Unsnrted o- .
Workspace "Counter3Bit": 1 design(s) ;
=68 Counter3Bit | | oy Car
&% Add New File -1 N
1 + % 7 Counter3Bit.asf .
o oe
@ Add New Library B ove
il Counter3Bit library B &°
)
1 2
-
-
-
a-
ALDEC )| 855505, o
| Hengeruan, W E274
o Creaiea: 10312018
- s N it
v
< >
< > A G®e 74D~ = o e AT~
[@ Files /3 Structure ;{3Resources " design flow % counterdbit
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e Zoom in on the state diagram shows it more clearly as seen below.
e Note that 8 states were created: S1 - S8.

fe8i[ ] [No clock enable

State Properties

General ]Graphics ] Actions ] Links ] Comment | View Texts ]

Code:
|DDD

Name:
|C0untD

[~ Defautt
[~ Trap

Enter state code value using
binary format {e.g. 0101)

[ Hierarchical [V State Codes Visible

Cancel |

e Naming States: Double-click on each state and change the state properties (see above and below).
0 Under the_General tab:
= Enter a name for the state (VHDL style) and a binary code.
= The first state, S1, was renamed as Count0 with the code 000 (see below).
= The second state, S2, was renamed as Countl with the code 001.
= Continue for the remaining states
o0 Under the_Actions tab: Enter the values to be assigned to the outputs (and copy this information
so that you can paste it and edit it in the next state).
= CountO was given the following actions: A <= *0’; B<="*0"; C<="0"; (see below)
= Countl was given the following actions: A <=*0"; B<=*0"; C<="*1";
= Continue for the remaining states.

State Properties

X

State Properties

Seneral lliraphics ] Actions ] Links ] Comment ] View Texts ] General ] Graphics | Actions | Links | Comment ] View Texts ]
hame: Code: Entry: |
CountD |DDD
State: A <=0 B <="0,C <=0
[ Default Enter state code value using
[ Trap binary format {g.g. 0707)
Exit:
[ Hierarchical [+ State Codes Visible

Cancel

o |

Cancel




e The state diagram for the 3-bit up/down counter is shown below after naming all states and specifying
actions for each state. You might also need to drag states or boxes to new locations to make room.
e Adding Text: Note that text was added to the top of the page using the text tool on the toolbar.

EGR 270
= Sregl
- John Doe _| Text

G Lab xxx added

Counts 0,1,2,3.4,5,6,7 and repeat when X =1 -

= ﬂ Mo clack enablel Counts 7,6,5,4,3,2.1,0 and repeat when X =0
[a<=0.B«="1C <=0
A= B e="1" C =0
. A= B =" C=="1"
= A<= B<=10.C< 10, A<="1; B <="0[ <= 0
. A< TiB =T Cam T /
A <="1, B0 C <="1}]
ol |A<=‘ A =="1" 0 ==",
<

A oo rreag-= « o0 e AT
" design flow | ¥ counter3bit..... =l counter3bit.




e Adding Conditions to Transitions: Double-click on the transition line and add the condition under the
HDL tab

¢ In the example below, double-clicking on the transition from Count2 to Count3 opened the Transition
Properties window. The HDL tab was selected and the condition X="1" was added (no semicolon).

e Recall that X=1 to count UP and X=0 to count DOWN.

A{:= IOI; B {:= I1I; C {:= IOI;

Transition Properties

General | Graphics |HOL |Cnmment View Texts

Condition:
®="1

Action:

QK I Cancel Apply
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e Continue adding all required transitions.
Drag the straight transition lines to change them to arcs.

o Carefully drag the transition line conditions and actions as needed so that the state diagram is neat and
easy to read.

Sreg0 EGR 270
John Doe
@J Lab xxx

Counts 0,1,2,3,4,5 6,7 and repeat when X = 1
J‘HNO clocl{enable| Counts 7,6,5,4,3,2,1,0 and repeat when X =0

]A{= 0 B==""C=="0"

A<='0"B<="1"C<="0

|A{= .u.; B <= .u.; L= .u.;

]A<= 4% B =00 C == "0"

A<="1"B<="0;C<="1"

X="0

e Compile your design (Select Design — Compile or use the Compile tool & ). Correct any errors
that occur.

=]
A e

Compile Entity "Counter3Bit™

Compile Architecture "Counter3Bit arch" of Entity "Counter3Bit"
Compile success 0 Errors 0 Warnings Analysis time : 0.2 [s]

W w s

11




e Note that a VHDL file has been generated with complete entity and architecture sections. Expand the
folder Counter3Bit.asf in the browser (or a similar name for your design) to see the VHDL file listed
(.vhd). You might want to look at the architecture section to appreciate the work that the Block Diagram
tool has done for you!

(A
Eile Edit Search Yiew Workspace Design  Simulation Tools Window Help how ox
Brod s 8 @F B0REMM YO D W B & | »owp 100 >
IS Y X o @ »
|Top-Level selection a ﬁ| j PR | @ 7
O|Ur15u:|rted '5:; ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ E'
Workspace 'Counter3Bit': 1 design(s) Z" ::_:_:_::_::";:_"";:_:_:;:"_T_
-IiE Counter3Bit 64 I
ﬁ‘é Add Mew File 65 Sregl WextState: process (X, Sregl)
1 - %" J Counter3Bit.asf g6 begin
I+ JCaunteGBit\rhd I BT NexrtState Sregl <= Sregl;
: 68 -— Set default valuss for outputs and signals
0 Sregd 69 .
#% Add Mew Library 70 case Sregl is
+ffifl counter3bit library 71 when CountQ =3
T2 B <=
T3 B «=
T4 C <=
=] if X = then
TG NextState Sregl <= Count7:
77 elsif X = "1"' then
T4 NextState Sregl <= Countl;
TS end if;
B0 when Countl =3
81 L ==
g2 B <= H
83 C <= "1";
B4 if X = "1" then
8BS NextState Sreg0 <= Count2; —
B& elsif X = then
87 HextState Sregl <= Countd;
i end 1if;
] when Count2 =
S0 B ==
91 B <= 'l
a2 C ==
93 if ¥ = then
G4 HNextState Sregl <= Countcl;
a5 gelsif X = "1' then
=1 NextState Sregl <= Count3;
87 end if;

3. Simulating your state machine

Now we need to simulate the design to see if is correct. We could simulate it as we did with

combinational logic circuits: Use the testbench wizard and add VHDL code to specify input waveforms.

An alternate way to simulate the circuit is described below.
First, what input waveforms should we specify? We should clock our 3-bit counter at least 8 times

while X =1 (count up) and at least 8 times while X =0 (count down). Suppose that we clock it 10 times

in each direction for a total of 20 clock pulses. If each clock pulse is 100ns in length then the analysis

should last 2000ns and the clock has a frequency of 1/100ns = 10 MHz. Additionally, we could use

another clock for X with a period of 2000ns (i.e., low for the first 10 counts or 1000ns and HIGH for the
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next 10 counts), so the clock frequency for X would be 1/2000ns = 500 kHz. These waveforms are
illustrated below.

100ns (f = 10 MHz)
>

ClK JuUJuUruruuryuuryuuruuruuruururia

\ ]
1

X | Count Down ! Count Up :
e 1000ns > :
> 2000ns g
~ (f = 500 kHz)

e Select Counter3Bit (Counter3Bit_Arch) (or similar name for your design) in the Design Browser as
shown below.

x

| a counter3bit (counter3bit_arch) j

CI| Unsorted
Workspace "Counter3Bit': 1 design(s)
— Counter3Bit
g% Add New File

1 —+%F f Counter3Bit.asf
RN Courieizsivnd
O Sregd

@ Add Mew Library
+fiil counter3bit library

o Before we display waveforms, be sure to set the default waveform viewer as follows:

e Select Tools — Preferences and the window below should appear. Select Waveform Viewer/Editor
from the Categories listed in the left part of the window, change the default waveform viewer/editor to
Standard Waveform Viewer/Editor and select Apply and then select OK.

Preferences b
Category:
- Verilog ~
- Assertions Default waveform viewer feditor:
- Debugger
. Access to Design Objects Standard Waveform Viewer [Editor -
- Memory Management
- Advanced Dataflow r
- Riviera-PRO
Generation When simulation results are saved to the ASDE database, Active-HDL
. VHDL Case can automatically distribute simulation tasks and processes related to
Verilog Standard updating simulation database among available CPU cores. The use of
fEI'I 0g standar multiple cores increases simulation performance and simultaneously
[ File Headers allocates more system resources,
[#- Copy Instantiation If this option is checked, the use of multiple CPU cores is disabled,
Coverage Profiler which may decrease simulation performance and allocation of system

B resources,
[#-Legacy Code Coverage

[#- ACDE Coverage

‘. Profiler
Verilog PLI Application
Editors

[} HDL Editor

-- Block Diagram Editor
- State Diagram Editor

= Waveform Viewer /Editor
A Standard Waveform Viewer

-- Accelerated Waveform View

Snurce Control bt
< > Default CK Cancel | Apply |
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Select Initialize Simulation from the Simulation menu.

Create a new waveform window by selecting the New Waveform tool on the main menu (shown
below).

Select the Structure tab in the design browser and select counter3bit (counter3bit_arch) or something
similar using your file name so that the available waveforms are listed as shown below.

(A
Eile Edit Search Miew Waorkspace Design  Simulation Waveform  Tools  Window Help
FrEedzesme @ BoNEsnTo il w & r i
N MOy A a e “ o
’[a counterdbit {cnunter}w_j Signal name Value ' ' ' 400
. N I
e AN \ Select counter3bit [[o%s
+-{F Counter3Bit (Count... ) (counter3bit_arch) or
@ std.standard similar using your file name
@ std.TEXTIO
@ icce.std_logic_1164
F | ieee.std_logic_arith
[@ ieee.STD_LOGIC_UN...
New
Waveform
tool
Mame |‘u‘a|ue
> CLK U A
> ¥ U Avalflable
- A u / waveforms
>
- B L
®C u
r Sregl countl J Structure
o NextState_Sreg)  countD tab
ursor 1 0 fs
.|
<
51 Files J&Res... ®" design flow ;" counter3bit _ : 5| counter3bit__ ;i untitled awc
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e Select the desired waveforms and drag them to the Waveform Viewer window. (Select any waveform
and then used Ctrl + A to select all waveforms.) Drag the waveforms to rearrange them in the desired
order if necessary.

File Edit Search View Workspace Design  Simulation  Waveform  Tools  Window  Help
B-rEd xs 8 @y 805LS 0 YYD & &
ICEE Y e L LY

|H counter3bit (cuunterEhit_ﬂ Signal name Value
Hierarchy | | o CLK U
+-1F Counter3Bit (Count... =X J
@ std.standard = A u
@ std.TEXTIO ° g E
@ icee.std_logic_1164 :; Sreqs =
F | iece.std_logic_arith
@ icee.STD_LOGIC_UN...
|Nar‘r1e I‘u‘all_ln?_J
= CLK v\ Select waveforms
- X . and drag to
oA . Waveform Viewer
=B . window
o C U
ar Sreg0 countl J/
wr MextState_Sregl  countD

e Right click on waveform CLK and pick Stimulators... from the menu that appears.

A}
File Edit Search View Workspace Design Simulation Waveform Tools Window Help
B-oH xznE @Y EORSQMYTC D% O e S
N EHO R A DA mEE S AR
IE counter3bit (cuunteerit_j Signal name Value = )
- T
Hierarchy | ] = #A Find Signal... Ctrl+T
# 1k Counter3Bit (Count... n @ Find Value.. Chil+F
k-]
std.standard °B 1? Go To Time... Ctrl+G
std. TEXTIO c
ieee.std_logic_1164 =
logic_ ar Sreg0

ieee.std_logic_arith
@ ieee.STD_LOGIC_UN... Find in Structure Browser
Add Signal Breakpoint...

| LI Browse by >
Name |Va|ue
& CLK U Add Named Row Ctrl+l
o X U Create Vfrtua\ Bus Ctrl+U
oA u Create Virtual Group Ctrl+Y
Create Analog Overlay Bus Ctrl+)
©°B u -
Group by Hierarchy
- C u
& Sreg0 count0
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e Click on Clock, set the frequency to 10 MHz, and select Apply.

SIL Stirr

Signals | Hotkeys | Predefined |

Set: |ASDB Stimulators

Signals:
Farces a clock pulze of a specific frequency and
Mame sl= duty cycle
CLK Clock
: Qi . 100nz '
! 5 :
fo | |
Forrula @ : : :
Frequency: [10MHz
o010
110
Yalue

[ Display paths Fepes Apply Strength: | Oyeride "l

Close

e Similarly, right-click on waveform X, select Stimulators, select Clock, set the frequency to
500 kHz, and select Apply.

SISt

Signals | Hotkeys | Predefined |

Set: [ASDB Stimulators =l New | |

Signals: Type:

Forces a clock pulze of a specific frequency and

MName Type » duty cycle
v CLK Clock
Clock. i E :
f § 5 ' EEI
Forrnula @ : : :
Frequency: [500kHz
o010
110
Walue

[ Display paths Fepoe | Apply Strength: | Oyeride "l
Close
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e Set the final time on the main menu to 2000ns and select the Run Until button. The Run Until window
will appear as shown below. Select OK.

Q
File Edit 5Search Wiew Workspace Design Simulation Waveforrn Tools Window Help
B-eEH sz E §F BO0LS oMY D% 28| » ] e 2000ns 4
x| EE Gk ADABWER QLA « »Ade
|E counter3bit (caunter3bit_ﬂ Signal name Yalue ' ' '/1[.‘10 ' ' ' 200
Hierarchy | | — = L
u .
T oo | EE I [ Rununil | [
oA ]
@ std.standard 5 ¥ button
L=l
@ std TEXTIO - ¥
- )
@ icce.std_logic_1164 . o Run Until X
Eieee.std_la-gic_arith i oreg coun Enter time wou want to run simulation until,
@ ieceSTD LOGIC UN... Drefault time unit iz picozecond.
| E >l [EE
Mame |‘u‘a|ue I 0K l Cancel ‘
B CLK U
B X U

e The output waveforms A, B, and C should now be correct. Study the waveforms and note that initially
X =0and the countis0,7,6,5,4,3,2,1,0,7, 6 and then when X =1 the countis 6, 7,0, 1, 2, 3, 4, 5,
6, 7, 0. Include the signal Sreg0 so that the name of each state will be displayed.

e Use Zoom to Fit to display all counts concisely.

B Active-HDL 10.2 (Counter3Bit ,Counter3Bit) - untitled.awc * - O *
File Edit Search View Workspace Design Simulation Waveform  Tools Windew Help fow ox
B-2E xaE @ moils iy o i S &£ | e orl p 20000 HW w ¥z (= 5= us o+ 1

B @l LD ARMER L L« e e B B % R Bl o
E (ounter}bit(counter3bit_ﬂ Signalname  Value T 200 v 400 0 EBO 0 EOD 1000 1200 00 800 v ofE00 ¢ 0t "
T | B M Y s M 2us || 2
X 1to 0 = —
+-{F Counter2Bit (Count... D-A T = X =1, so count UP
o
@ std.standard
=B 0 1 1 [ |
& std.TEXTIO
[ ieee.std_logic_1164 ok L
B et it wSreg0 | CoUNMD Y comtt} comm Y ot ) coomLY o oy somnT Y comnD comiT Y comr® ot} couny com Y o) coms Y o )_coun Y ot comit Y|
ieee.std_logic_arit!
@ icceSTD_LOGIC_UN...
Cursor 1 2u v
| =] ! | [
-
Ir i wave.asdb SIM
[21 Files ;& Stru.__ /ZgRes .. %" design flow ' counter3bit... ;= counter3bit... ‘sauntitled awc *

Using Components in VHDL Designs
Now that we have simulated the 3-bit counter and are sure that it is working correctly, we would like to
implement design into an FPGA. However, we also need additional items:

e Clock source: a 100MHz internal clock is available on the BASYS3 FPGA board

e Clock divider: we can divide the 100MHz clock by 100E6 to generate a 1 Hz clock

e BCD to 7_segment decoder: the output of our 3-bit counter is in BCD form

e 7-segment display: available on the BASYS3

This is illustrated by the schematic on the following page.
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Lab#7 — CounterWithClockvhd
lem = e o e o e e e e e e e M o e e e e = —— |
I Component Ul I I Component U2 | I
1 1

CLK100M"! ¢lkin | ClockDivider.vhd ! : Countervhd |
reset " Clock clkout :CLK1| CLK Custom I :
__ reset . : I X I I
| Divider : T Counter | |
UpDown L e ! : : :
: : Cc|B|AqsB), |
. ) B(0) ===t =--—--- I
to ' B() :

|
BASYS3 | BQ) :
pins | :_ Component U3 1 I
: B(3)="1" | BCDB)| BCD _to_7Segment.vhd |Seg(6:0) ! :
| 'scp@)|  BCD to 7- | |
I BCD(1) I '
. : segment : |

BCD(0
: L Decoder ! An(3:0) :
| I —————————————————— ] I
L o oo o o o e e e o e o e e e e e e e e e e e mm e o = o J
Intermediate signals (in green) to be
added in CounterWithClock.vhd To BASYS3 pins '[ An(3:0) Seg(6:0)

A total of 4 VHDL files will be used:
e Counter3Bit.vhd — We just created and tested this file
e ClockDivider.vhd
0 Awvailable on the course Bb site
o Shown on the following pages
o0 Divides a 100MHz input clock to produce a 1 Hz output clock
e BCD-to-7Segment.vhd
o0 Available on the course Bb site
o0 Shown on the following pages
o Converts a BCD value (output of our counter) to common-anode 7-segment display values
e CounterWithClock.vhd
0 Awvailable on the course Bb site
o Shown on the following pages
o This is the overall VHDL file that uses the other three VHDL files as components. This
structural file essentially makes the connections to implement the schematic above.
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-- Clock Divider
-— Divides 100 MHz clock by 100E6 to produce a 1 Hz clock (with a 32.89% duty cycle)
-— Reference: www.digilentinc.com - Real Digital, Module 10

-—- File: ClockDivider.vhd
library IEEE; ..
use IEEE.STD LOGIC 1164.all; ClockDivider.vhd
use IEEE.STD LOGIC ARITH.all;
use IEEE.STD LOGIC UNSIGNED.all;

entity ClockDivider is
Port ( clkin, reset
clkout
end ClockDivider;

in STD_LOGIC;
out STD_LOGIC) ;

architecture ClockDivider of ClockDivider is

constant cntendval : STD _LOGIC VECTOR (26 downto 0O) := "101111101011110000100000000";
—-— Note: 100E6 in binary is 101111101011110000100000000

signal cntval : STD_LOGIC VECTOR (2¢ downto 0);

begin
process (clkin, reset) -— run process whenever clkin or reset change
begin
if reset = 'l' then cntval <= "000000000000000000000000000";
elsif (clkin'event and clkin = '1') then
if (cntval = cntendval) then cntwval <="000000000000000000000000000™
else cntval <= cntval + 1;
end if;
end if;
end process;
clkout <= cntval(26); -— Concurrent statement, so clkout changes when cntval changes

-— clkout =0 for cntval = 000000000000000000000000000 to 011117117171717111717111711111

-— clkout =1 for cntval = 100000000000000000000000000 to 101111101011110000100000000 - 1
-—- 80 clkout = 0 for 67108864 pulses and clkout 1 for 32891136 pulses

-- for a duty cycle of (32891136/100000000)*100 = 32.89%

end ClockDivider;
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1 -- BCD to 7-segment decoder

2 -- File: BCD to 7segment.vhd

N i e - BCD_to 7segment.vhd

4 use IEEE.STD LOGIC 1le4.all;

.- . T
© entity BCD to Tsegment is

7 port (BCD : in STD_LOGIC_VECTOR(: downto 0); -- BCD(3) = MSB

8 Seg : out STD_LOGIC_VECTOR (¢ downto 0)): -- Seg(6) = cathode a

[ end BCD to 7Tsegment; -— Seg(0) = cathode g

oy - -k
11 architecture BCD to 7segment of BCD to Tsegment is

12 begin

13 DisplayEncodeProc : process (BCD) -- run process whenever input BCD changes

14 begin

15 case BCD is

16 —— Cathode value (active-Low)

17 -— abcdefg

18 when 0 Seg <= "0 "; -- display digit 0

19 when Seg -- display digit 1

20 when Seg -- display digit 2

21 when Seg -- display digit 3

22 when Seg -- display digit 4

23 when Seg -- display digit 5

24 when Seg -- display digit 6

25 when Seg -- display digit 7

26 when Seg -- display digit 8

27 when Seg -- display digit 9

28 when Seg -- display unique pattern used by 7447 for input 10
29 when Seg -- display unique pattern used by 7447 for input 11
30 when Seg -- display unique pattern used by 7447 for input 12
31 when Seg -- display unique pattern used by 7447 for input 13
32 when "1110" => Seg -- display unique pattern used by 7447 for input 14
33 when others => Seg -- all digits turned off for input 15 (or X's, U's)
34 end case;

35 end process;

36 end BCD to T7segment;
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—-— File: Counter with Clock.vhd

-- Structural file for Lab 7 that uses 3 components

lllilgri;:E:.[gifiilogic_llG‘l .all; Cou nte rWith C I OC k.Vh d

use IEEE.std logic arith.all;

use IEEE.std logic unsigned.all;

entity counter with Clock is

port |
CLK100M, UPLDOCWN, reset i in STD LOGIC; -- 100 MHz clock input from BASYS3 (pin W5)
An : out STD LOGIC VECTOR (2 downto 0); -— Enable linss to four 7-s=gment displays on BASYS3
Seg : out STD LOGIC VECTOR (& downto U)):; -- S=g(&) = catheds &, ..., 5=2g(0) = cathods g

end counter with Clock;

architecture counter with Clock arch of counter with Clock is

—- component declarations

component ClockDivider -- use component defined in file ClocklHz.vhd to create 1Hz clock
port |
clkin i in STD LOGIC; -— 100 MHz clock available con BASYSZ FPGA board
reset : in STD_LOGIC: —- used to reset the clock divide counter to 0
clkout : out STD LOGIC): -- 1 Hz clock output ussd to clock 7-s=g displays
end component;
component counterdbit -- use component defined in file counterd3bit.vhd (or student file name)
port |
CLE, X t in STD LOGIC; —-- 1 Hz clock input —-- X = 1 to count UP, X = 0 to count DOWRN
B, B, C i out STD LOGIC); -- countsr output (& = MSE)

end component;

component BCD to 7segment -- nss component defined in file BCD teo 7ssgment
poxrt | o
BCD : in STD_LOGIC VECTOR(: downto 0} -— BCD(3) = MSB
Seg : out STD _LOGIC VECTOR (6 downto 0)): —-- S=g(&) = cathods =2, ..., S=g(0) = cathods g

end component;

—— Define intermediate signals

signal CLEl : std logic; —- define intermediate signal betwesn components
signal B : std logic vector(: downto 0); -- intermsdiats signals bstwesn countsr and BCD te 7ssgment
kegin
B(3) <= '0"; ——- Only 3 bits used for 3-bit counter, so set 4th bit (MSB) to 0
AN <= "1110"; —- Turn OFF first three 7-segment displays and turn on the 4th display
-- lnstantiate components
Ul: ClockDivider —- define an instance of ClockDividsr
poxrt map (clkin => CLEKl00M, reset => reset, clkout =»> CLKl):
U2: counter3bit —- define an instance of counter3bit
port map (CLK => CLEl, X => UPDCWN, A => B(Z), B => B(l), C == B(J)):
TU3: BCD to Tsegment -— defins an instance of BCD to Vsegment

port map (BCD => B, S5eg => 5eqg):
end counter with Clock arch;
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e Download the following files from the course Bb site. They can be stored anywhere, but a good place is
to store them in the source (src) folder of the project. (Note that the file Type may not have the correct
description and the extension may not be shown, but they will appear correctly within Aldec.)

o ClockDivider.vhd
o BCD-to-7Segment.vhd
o CounterWithClock.vhd

|ﬁ| -
Home

SrC

Share WView
<« v 4 [ This PC » 0SDisk (C:) » My_Designs » Counter3Bit * Counter3Bit » src ]
" Mame Date modified Type Size
7 Quick access
wave.asdbw File folder

[ Desktop ) ) i

== BCD_to_7segment Hard Disk Image File 2KB
¥ Downloads — ClockDivider Hard Disk Image File 2KB
= Documents - Counter_with_Clock Hard Disk Image File 3KB
=| Pictures % Counter3Bit Active-HDL State Diagram KB
J‘s Music | | Counter3Bit.prc PRC File 1KB
m Videos = wave Active-HDL Accelerated ... 4 KB

e Add the files to the Aldec Project.
o Select Design — Add Files to Design

File Edit Search View Workspace M Simulation Waveform Tools Window
E‘ > ﬁ E % [} ? ‘_'_:I N Add Files to Design...

- | T

ol
(]

Eefresh contents...

|Iﬂ counterdbit canunimibit_j E

0| Unsarted o B Compile All
[ ' i ith Fi
Workspace "Counter3 adD Compile All with File Reorder
-If Counter3Bit o

e Locate the files in the project src directory (or wherever you stored them) and select Open.

&) Add Files to Design X
Look in: | El= j £ B2
% MName Date modified Type
. wave.asdbw 11/5/2018 1:03 PM File folder
Quick access =
= BCD_to_Tsegment 4/5/2010 10:50 PM Hard Disk
[Vl = ClockDivider 10/28/2018 6:20PM  Hard Disk
Desktop | s Counter_with_Clock 10/29/2018 2:42 PM  Hard Disk
- % Counter3Bit 11/1/2018 1:02 PM Active-HLC
m | | Counter3Bit.prc 11/1/2018 1:08 PM PRC File
Libraries = wave 11/5/2018 1:01 PM - Active-HL
This PC
Netwark
£ >
File name: |"C0urﬂer_w'rth_CIock.vhd " "BCD_to_7segment j Open |
Files of type: | Al Files (") =l Cancel
Open as: | Auto j
v take local copy
¥ Ahways open in the design src fder
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Compile all of the VHDL files. After adding the files to the project, you should see the files listed in the
Design Browser as shown below (Pick the Files tab). Question marks (?) indicate that the files have not
yet been compiled.
o Select Compile All to compile the files. Each VHDL file should have a check mark next to it if
it compiled successfully. If any files did not compile successfully, you must correct the errors
before proceeding.

B Active-HDL 10.2 (Counter3Bit ,Counter3Bit) - untit B Active-HDL 10.2 (Counter3Bit ,Counter3Bit) - untif
File Edit Search View Workspace Design 5 File Edit Search View Workspace Design 3
B-2 =9 B §F¥ 805 BE-Eed B 5% B0
x =
|a counter3bit (counter3bit_arch) j |H counter3bit (counter3bit_arch) ﬂ
O|Un5|:urted G|Unsn:|rted
[B] Workspace "Counter3Bit': 1 design(s) Workspace 'Counter3Bit': 1 design(s)
-l Counter3Bit Before - Counter3Bit After
g% Add New File compiling g% Add New File compiling
1 —1%F J Counter3Bit.asf 1 - %" ./ Counter3Bit.asf
+ ./ Counter3Bit.vhd + &/ Counter3Bit.vhd
() SregD () SregD
2 7 BCD_to_Tsegment.vhd 2 + &/ BCD_te_Tsegment.vhd
& 7 ClockDivider.vhd 3 | # & ClockDividervhd
4 7 Counter_with_Clock.vhd 4 + (B f Counter_with_Clock.vhd
@< Add New Library #< Add New Library
+fffi counter3bit library +fffl counter3bit library
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Using Xilinx Vivado to synthesize the design into the Artix-7 FPGA
The steps involved here are nearly identical to those used in Lab 5, so refer to the tutorial:
e Tutorial 1 - Combinational Logic Circuits using Aldec Active-HDL and Xilinx Vivado
Some important differences:
e When we add sources to our design using the Xilinx software, we need to add all four VHDL files, as
shown below.
e Ignore any warnings in Xilinx about excessive delay due to our ClockDivider circuit.
e The final bit file (or bin file) produced should have the name of the overall VHDL file, so when you
generate the bitstream, look for the name (in this example): CounterWithClock.bit or
CounterWithClock.bin

¢ MNew Project >

Add Sources

Specify HOL, netlist, Block Design, and IP files, or directories containing those files, to add to your project. Create a new source '
file on disk and add it to your project. You can also add and create sources later.

+,
Index MName Library HDL Source For Location
[ ] 1 BCD_to_7segmentvhd ¥il_defaultlib  Synthesis & Simulation ~  LJ/BASYS3 - Vivado/Lab7iCou
[ ] 2 ClockDivider.vhd ¥il_defaultlib  Synthesis & Simulation ~  LJ/BASYS3 - Vivado/Lab7iCou
[ ] 3 Counter_with_Clockvhd  xil_defaultlib  Synthesis & Simulation  ~  LJ/BASYS33 - Vivado/Lab7i/Cou
[ ] 4 Counter3Bit vhd ¥il_defaultlip  Synthesis & Simulation ~  LJ/BASYS3 - Vivado/Lab7iCou
1 »
Add Files | | Add Directories | ‘ Create File

Scan and add RTL include files into project

v Copy sources into project

Target language:  VHDL A Simulator language: = Mixed w
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# MNew Project

Add Constraints (optional)

Specify or create constraint files for physical and timing constraints.

+

F

Constraint File Location

Basys3_Master_Lab7xdc L\BASYS3 - Vivado\Lab7

<+ Copy constraints files into project

Add Files | | Create File

Cancel
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