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Lab 5 Tutorial - Introduction to Counters and CPLDs

Before we begin the tutorial for the digital counter lab, take a moment to ensure that you
are familiar with the following concepts:

1. Utilizing a finite state-machine to design a circuit.
2. Implementing and simulating a design utilizing ISE and ModelSim.
3. Configuring the CPLD using the Xilinx iMPACT device programmer.

In addition to these basic concepts, this lab will introduce you to several new concepts,
including the following:

1. Creating a project that utilizes multiple VHDL files.
2. Routing signals in and out of the device to facilitate I/O.

3. Designing and implementing several different types of counters.

As always, this tutorial will be divided into easy-to-follow steps. Make sure to print the
Laboratory Worksheet and to fill it out as you progress in the Tutorial.

Part 1: Create a New Project

By now this should be familiar to you. Create a new project in Project Navigator and
make sure the settings are exactly like the ones shown below:

New Project

Project Marme: Froject Location:

labd F:ilabd

Project Device Options:

Property Name | Value |
Device Family CoolRunner XPLAJ CPLD=
Device | xcrangax
Package |Pcss -|
Speed Grade -5
Design Flow | XST WHOL

()% | Cancel J Help |

Part 2: Creating Independent VHDL Modules

Once you have created the project, download this VHDL file , save it as XCR7SEG.VHD
and add it to your project as a VHDL Module. This file drives the two seven segment
displays that you see on the XCR board. Read the code and identify the process described
on it. Make sure to answer the questions about it in the laboratory worksheet. In Part 3,
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we will show you how to incorporate this separate VHDL file into your top-level design.
For now, set the XCR7SEG file aside and create another new VHDL file. You will need
to make sure the following standard declarations are at the top:

-- XCR COUNT.VHD -- Lab 5 Tutorial

-- Author: <Your nanme goes here>

-- This is the VHDL file for the Lab 4

-- tutorial counter. The VHDL you will wite for the |ab
-- itself should be simlarly commented. This tells you
-- at a glance what file you're dealing wth.

-- Inputs: <Your inputs go here.>
-- Qutputs: <Your outputs go here>

-- Revision History:

-- <Date>(<Your nane>): Created.
library |EEE;

use | EEE. STD LOG C 1164. ALL;

use | EEE. STD LOd C ARl TH. ALL;
use | EEE. STD LOG C_UNSI GNED. ALL;

Now we need to come up with a suitable entity statement:

entity XCR_COUNT is

PORT
(
sclk_h : in std logic; -- System cl ock.
sw0_h in std logic; -- Switch to control the counter.
swl_h in std logic; -- Another switch to control the counter.

data_out _h : out std_|logic_vector(3 downto 0)

)
end XCR_COUNT;

Now, before we continue, go back to the comment block at the top and fill in all the
information asked for in the < ... > brackets.

Designing the Counter

Before we can develop a counter circuit, we must briefly touch upon how a counter is
supposed to function. As you may recall in the lab lecture, a counter is a registered
circuit. That is, it has some logic that allows it to store information. This also implies that
the counter circuit is a finite state machine. Therefore, it has several discrete states that it
can be in. These states can only change at the rising or the falling-edge of the system
clock. For a simple counter, we may have only two states, a state A, and a state B. In state
A, the counter will continue to increment as long as the value of the count is less than the
maximum value. When the counter reaches its maximum value, it goes into state B,
where it is reset to zero and returns to state A.
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Lo COUNT = Mak

The counter we will be showing you in the tutorial will have three separate states. Take a
moment to study the image below:

RESET = 1 AND PALISE = 0

Now, how might we implement this? Recall that in VHDL there are two potential ways to
implement a FSM. One way is to use case-statements, where each case represents a state.
This was the approach we took in the sequence detector lab. Another way of
implementing a FSM is to use if/else statements. This is the approach we will take in this
lab. Now we will show you how this is done. Copy and paste the following VHDL code
into your file now:

architecture Behavioral of XCR_COUNT is

-- Component Decl arations

signal qtenp: std_|ogic_vector(3 downto 0);
--tenporary variable for output q[3..0]

signal clkdiv: std_|ogic_vector(2 downto 0);
--Clock divider, adjust to suit your needs.
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signal dclk: s
s

t
signal sclk: st

--type state type is (A B, C D);
--signal state, next_state : state_type;

begi n
CLK_ DIV : process (sclk_h)
begi n
if sclk_h ="1" and sclk_h'Event then
clkdiv <= clkdiv + 1
end if;
end process;

-- Decade counter driven by the above clock divider to generate
-- the digits to go out to the seven segnent displ ays.

dcl k <= cl kdiv(2);

Here we have a clock divider. This enables the counter to count slower than the LED
display is refreshing itself. If we ran both the counter and the display at the same speed,
the count would pass by much too quickly for you to see it. Below, you will find the
actual guts of our counter:

COUNT_PRCC : process(sclk_h,sw0_h,swl_h) -- Process definition
begi n
if swO_h="1" and swl_h = "'0" then
gt emp<="0000"; -- Asynchronous reset.
elsif swo_h ='0" and swl_h = "'1" then
gt enp<=qt enp+0; -- Asynchronous count pause.
el se
-- if sclk'event and sclk="1" then -- Counting state for sinulation.

if dclk'event and dcl k="1" then
-- Counting state for inplenentation

Before we give you the rest of the counter, take careful note of the if-statement here. Note
that we have one of them commented out. We've commented out the if-statement that
controls the counter for the ModelSim simulator. If we did not do this, the counter will be
running at the same speed as the system clock, and would count at a speed that is almost
too fast to observe. However, for ModelSim, we will want to run the counter at the same
speed as the system clock. Swap the comment so the if-statement containing sclk'event
and sclk="'1' is uncommented. You will need to change the comments around again
before you actually implement this design on the CPLD. Now, enter in the rest of the
VHDL as shown below:

i f qtenp<l5 then

gt emp<=qt enp+1; -- Counter increase
el se
gt enp<="0000"; -- Return the zero state
end if;
end if;
dat a_out _h<=qtenp; -- CQutput
end if;



ECE 238L — Laboratory 5; Tutorial — University of New Mexico

end process; -- End Process
end Behavioral; -- End nodul e.

Carefully examine our if/else statements. Can you identify the three FSM states here?
Now save this file as XCR_COUNT.VHD and add it to your project as a VHDL Module.
This file now contains the information needed to implement a counting module. And we
have already created a VHDL file that implements a display module. However, we do not
have something we can program onto the CPLD just yet. That will come in Part 3.

Part 3: Multiple-File Designs in VHDL

In this section, we will discuss how to create a VHDL design with multiple components.
However, before we can do this, we should discuss the basic history of digital logic
design.

Early in the days of digital logic design, everything was designed using schematics.
These schematics indicated what logic we were using, and how it was looked up. Other

schematics were then used to indicate how the individual devices were to be laid out.

A Sample Schematic:

In fact, schematics are still in use today. Logic design suites such as the one furnished by
Mentor Graphics have schematic-capture support. In earlier labs, we have asked you to
develop schematics before you implemented your designs in 7400 logic.

The current trend in the industry is VHDL and not schematic capture. This is due to the
ease of scalability. Large scale schematic capture projects are just not reasonable. It is
possible to create HDL designs that incorporate more than one module. For example, if
we were designing a computer system, it might require the following modules:



1.

2.
3.

ECE 238L — Laboratory 5; Tutorial — University of New Mexico

A CPU module, which will have an instruction register, an ALU, and all the
associated data and control lines.

An I/0O module that interfaces the CPU to the outside world.

A memory module that stores the results of what the CPU is doing.

All of these would be incorporated into a top-level VHDL design. This is exactly what
we will be doing with our counter. We will take the counting module, and the display
module, and we will incorporate them into a single top-level VHDL file. This top-level
VHDL file replaces the schematic found in earlier digital logic designs.

Creating the Top-Level Design

When designing in VHDL, ideally, the top-level design should be as simple as possible.
All it should do is route signals between the modules that are incorporated into the
project. In this regard, it is similar to a well-designed C/C++ program, where all the work
takes place inside functions outside of main( ), which is the top-level part of the program.
Create a new VHDL file and add the following lines to it:

-- XCR. TOP.VHD -- Lab 5 Tutori al

-- Aut hor: <Your nanme goes here>

-- This is the top-level VHDL file for the Lab 4
-- tutorial. The VHDL you will wite for the |ab

-- itself should be simlarly comented. This tells you
-- at a glance what file you're dealing wth.

-- I nputs: <Your inputs go here.>
-- Qutputs: <Your outputs go here>

-- Revision History:
-- <Dat e>(<Your nanme>): Created.

[ibrary |EEE;

use | EEE. STD LOd C 1164. ALL;

use | EEE. STD LOd C_ARI TH. ALL;
use | EEE. STD LOQd C_UNSI GNED. ALL;

entity TOP is

PORT
(
sys_clk : in std_logic; -- System clock.
count _clk : in std logic; -- Counter clock.
in_swO_h : in std_logic; -- Input switch 1.
in_swl_h : in std_logic; -- Input switch 2.
anodes_out : out std |logic vector(l dowto 0); -- Anode enabl es.
di sp_out : out std_logic_vector(6 downto 0) -- Display out.

)
end TOP;
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Note here that our top level design has all the inputs necessary to drive the counter
module, and the outputs necessary to drive the display using the display module. Now,
we need to get these modules into the top-level file. Add the following VHDL to your file
now:

archi tecture Behavioral of TOP is

-- Conponent Decl arations

conponent xcr7seg is
Port (
nclk @ in std_|og
dig |l H: in std_
dig uH: instd_

ic;
| ogi c_vector (3 downto 0);
| ogi c_vector (3 downto 0);

anode : out std_|logic_vector(l downto 0);
ssg out _H: out std |ogic_vector(6 downto 0)

end component ;

conponent XCR COUNT is

PORT
(
sclk_h : in std_logic; -- System clock.
swO_h : in std logic; -- Switch to control the counter.
swl h: in std logic; -- Another switch to control the counter.

data out _h : out std_|logic_vector(3 downto 0)
-- For Model Si m si nul at or.

end component ;

If you inspect these component declarations closely, you will notice that we have simply
taken the entity declarations from the our previous VHDL files, XCR_COUNT.VHD and
XCR7SEG.VHD and dropped them in as components of this top-level file. All the
component declarations do is tell the top-level design that we will be using these
components at some point in our design. That is what you will do when you design your
own counter. Now, we need the internal signals that will connect our modules together
and to the outside world.

signal intclk : std logic; -- Cock signal driving counter.

signal dispclk : std_logic; -- Cock signal driving display.

signal reset : std logic; -- Input signal driving reset.

signal freeze : std logic; -- Input signal driving counter pause.
signal data bus : std |ogic _vector(7 dowmto 0); -- Self-explanatory.

signal output_busl h : std logic_vector(6 downto 0);
signal anode_output : std |ogic_vector(l downto 0);

In a minute, we will use these signals to connect our included modules together, but first,
we have to actually use the included modules in our design. That is, we need to declare
instances of each module. This is done in the code below:
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-- Conponent instantiations

C 7SEG : xcr7seg
port nmap (

nmcl k => di spcl k,

dig | _H => data_bus(7 downto 4),
dig u H => data_bus(3 downto 0),
anode => anode_out put,

ssg_out _H => out put_busl h

)
C COUNT : XCR_COUNT
port map (
sclk_h => intclk,
sw0_h => reset,
swl_h => freeze,
data out _h => data_bus(3 downto 0)
)

Note how we declared a single instance of each component. We took the inputs and
outputs of both components, and tied them to the internal signals we declared earlier.
Note that now the components C_7SEG and C_COUNT are tied together on the same
internal bus, called data bus. Finally, we need to connect our final design to the outside
world:

di spcl k <= sys_clk; -- Both the display and internal clocks
intclk <= sys clk; -- are tied to the system cl ock.

reset <= in_sw0_h; -- Reset gets the first switch.

freeze <= in_swl_h; -- Qur pause gets the second switch.

anodes_out <= anode_out put;
-- Drives the anodes for the 7 segnment displays.
di sp_out <= out put_busl_h;
-- Drives the output to the 7 segnent displays.

end Behavi oral ;

Save this file as XCR_TOP.VHD and import it into your project as a VHDL Module. As
this file is your top-level design, this will be the file that you synthesize and

syntax errors, it will be time to simulate the project in ModelSim.

Part 4: Simulating the Project

Recall that in the previous labs, if you wanted to simulate something in ModelSim, you
had to write a VHDL test bench. In that regard, this project is no different from the other
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projects. Except in this instance, we will show you how to test both the top-level design,
and one of the components which makes up the top level design. For now, download the
entire test bench here. Now save it as TOP_TB.VHD and import it into your project as a
VHDL Test bench. Now to simulate the top-level design, merely highlight the test bench
file, and double-click on Simulate Behavioral VHDL Mode.

If you are successful, you should have the waveform screen available. Maximize it and
tell ModelSim to Zoom Full. Then, zoom in several times until you get something that
looks like the following:

I Mesibenchycourte
7 Aestbenchiindl b
© | fesiberchdril _h

- Mestbench/and_h 01 110 i o] o :I'l 1] .:-:I1
b Mestbench/dip_h ' ' '

At this point, print out your ModelSim waveform so you can attach them to your final
report. At the end of the tutorial, you will be given an opportunity to modify the VHDL
test bench so you can simulate the counter itself. However, we need to prepare our design
to be downloaded onto the device.

Before we can do that, however, remember some time back when we changed the
following two lines in the XCR_COUNT.VHD file from this:

-- if sclk'event and sclk="1" then -- Counting state for simulation.

if dclk'event and dcl k='"1" then -- Counting state for inplenentation
To this:

if sclk'event and sclk="1" then -- Counting state for sinulation.

-- if dclk'event and dclk="1" then -- Counting state for inplenentation

Before you can map your design out to the device, you need to change those two lines
back to their original state.

Part 5: Mapping Your Design into the Device

Once you have successfully simulated the design in ModelSim, it is time to map it to
your target device. To do this, make sure you have your top-level VHDL file highlighted
in the Sources In Project window. Next, expand the Design Entry Ultilities portion of the
Processes for Current Source window. Once there, you should see something called User
Constraints. Expand that to reveal three potential ways of mapping your design out to the
target device.
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In Lab 3, we showed you how to assign pins using the Constraints Editor. Here, we are
going to show you a more basic way of doing it. That is, you will actually edit the UCF
file itself. Create a new file and paste the following lines into it.

NET anodes_ out <0> LOC=P18;
NET anodes_ out <1> LOC=P19;
NET di sp_out <6> LOC=P21;
NET di sp_out <5> LOC=P24;
NET di sp_out <4> LOC=P25;
NET di sp_out <3> LOC=P26;
NET di sp_out <2> LOC=P27;
NET di sp_out <1> LOC=P28;
NET di sp_out <0> LOC=P29;
NET in_sw0_h LOC=P43;

NET in_swl_h LOC=P44;

NET sys_cl k LOC=P2;

Save the file as “top.ucf”’. Then go to Project, Add Source. The following dialog box
will appear.

Associate with Source

fﬁssuciate top.ucf with the source that it affects.

' top 4
el - | |_|
wor_count Eoreel ]
Help

Choose top and click OK. Now, we want e =
to look at what the pin assignments as B\HJ 2% alajajal gjo) @
they would look on the chip. To do this g e Pt far XCRI0SAN, £ G0 12
we want to open Chipviewer. In the ?---:é"frfur athe oot
Processes for Current Source expand e 2 M vefe
User Constraints. Double click Assign
Package Pins. This will bring up the - -
. . E 10T
following window.
(disp_out<0z) 23 Mo 10 Ts
10 [Te
(aisp_our<1s) 23 MU0 103 (amodes_ont
(8irp_ourssr) 24 B0 T
(in ool b 4 Bl e 1ric B tin_ewd B

Even though we did not do it here, you could have used Chipviewer to assign your pins.
If you had not yet assign your pins when you opened Chipviewer you would find all of

10
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the variables on the right under Signals. You could then drag and drop each variable onto
the pin you wanted to assign to it. You are now ready to implement the design.

Part 6: Implementing Your Design

At this point, we are ready to implement our design. To do this, simply double-click on
the Generate Programming File option in the Processes for Current Source window.
This will run, (or re-run) all the synthesis steps, all the implementation steps, and finally,
it will generate a file that will be used to program the actual device. If everything is
successful, the Synthesize option, the Implement Design option, and the Generate
Programming File option will show either green checkmarks, or yellow exclamation
points. The yellow exclamation points indicate that there were non-fatal warnings that
have come up while ISE was processing your design. Usually, they can be ignored, but if
a design is not functioning the way you would expect it to, or the way it worked in
simulation, then you will want to take a closer look at the warnings. If you have red Xs at
any point, these signify fatal errors. If you get those, you will have to correct your design
before you can try to implement it again.

Part 7: Programming the Device

Once you have successfully implemented your design, expand the Generate
Programming File option in the Processes for Current Source window. This will give
you the option to configure the device using iMPACT. Before you launch iMPACT
however, make sure that the XCR board is turned on, and that you have made sure that
the switchbox on top of your computer is set to CPLD. Once you have done this, go
ahead double click Configure Device (iMPACT).

An Operation Mode Selection dialog box will come up. Choose Configure Devices and
click Next. Then a Configure Devices dialog box will pop up. Choose Boundary-Scan
Mode and click NVext. Then a Boundary-Scan Mode Selection dialog box will come up.
Choose Automatically connect to cable and identify Boundary-Scan chain and click
Finish. Click Ok.

A new window like below will pop up. Browse to the directory of your project and open
top.jed.

11
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Assign New Configuration File

| i}
Look in: | =3 lab4 =] + & ct BB
File name: Itop.|ed Dpen
Files of type:  [JEDEC Diesign Files(* jed] =l Cancel
| Cancel Al I y

Move your mouse cursor over the chip icon and right-click once. You should be able to

select Program in the menu that appears. Select it, by clicking on it once. Accept all the
default options in the Program Options dialogue box and click Ok.

S unrmriens [ConFiGuRATION MODE] - IMPACT

= =10l x
R RNt Mo Unomisey CEgmaen CpOowy Gheeet bae e :
[DEd Ee(g e gE o 5w
Boundary Scan |8Im Seﬁnll Select Map | Deskiop Cnuﬁgumihn]

Right chick device 1o salect operatione
ol |g=._§
sera0hded
gt
TOH
tme= s =l
17 Losding flls top jed .

o,

== -

i v

Fer Help, prass F1 ConfgeahionMeds  [BoundayScan Parallel/PCY  [lpll P

Immediately your device should go blank. After a few seconds, you should see the
following:

e

[

The left digit will remain zero the whole time, while the right digit will count from Oxh to

Fxh (which is 0 to 15 in decimal.) The display will flicker slightly. If you press and hold
down the second button from the left, as shown below:

12
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You should notice that the counter stops counting and remains stopped as long as you
hold down that button. Once you release the button, the counter will pick up where it left
off. On the other hand, if you press the second button from the right as shown below:

You should notice that things are different when you release the button. This time, the
counter starts counting again from zero. That button is the reset button. At this point, you
have completed all the steps in the tutorial.

Checkpoint

Make sure you have the following items ready to turn in with your report:

1. Copies of your VHDL top-level file, and your VHDL counter file.
2. A printout of your ModelSim waveforms.
3. Worksheet with tutorial section filled out

Next, recall how you added a set of predefined locations into your UCF file? Now you
will find out what those pins do. Open up the following Acrobat file: dxcr RM.pdf

This is the manual for the XCR board. Find Table 3 on the sixth page and draw up a table

in your report listing what each pin in your UCF file does, and where it goes to. Keep this
file handy, as you will need to use it in the lab itself.

13
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Appendix — VHDL files for download

-- XCR7SEG VHD -- Digilab XCR Seven-Segnent Driver

-- Author: Janes Hansen

-- This file provided for educational purposes only.

-- This nodule is a circuit to drive the nultiplexed seven-segnent
-- display found on the Digilab XCR boards.

-- I nputs:

-- ntl k- system cl ock

-- dig | H Least significant digit.
-- dig uH Mst significant digit.

-- Qutputs:
-- an- anode lines for the 7-seg displays on D OL
-- ssg_out_H cathodes (segnment lines) for display on D OL

-- Revision History:

-- 07/03/2002(JanesH): created

-- 03/21/2004(Al onzo Vera): comments and update | SE 5.2
library | EEE

use | EEE. STD LOd C 1164. ALL;

use | EEE. STD LOd C ARI TH. ALL;

use | EEE. STD LOd C_UNSI GNED. ALL;

entity xcr7seg is

Por t
-- Inputs :
nclk : in std_|ogic;
-- clock signa
dig !l H: in std |logic_vector(3 dowmto 0);
dig uH: in std logic vector(3 dowmto 0);
-- CQutputs:

anode : out std logic vector(1l dowto 0);
ssg_out _H: out std_|ogic vector(6 downto 0)

end Xcr7seg
architecture Behavioral of xcr7seg is
-- Component Decl arations

signal clkdiv : std_|ogic vector(7 downto 0);
signal cntr std_| ogi c_vector(3 downto 0);
signal cclk : std_|ogic;

signal an_sel std | ogic_vector(1l downto 0);
signal an_next : std _logic _vector(1l dowto 0);
signal dig : std_|ogic vector(6 downto 0);

signal divclk : std_|ogic;

14
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signal intclk : std_logic;

signal in_low: std_|logic vector(3 downto 0);
signal in_high : std logic vector(3 dowto 0);

si gnal anode_out std_l ogic_vector(1l downto 0);
si gnal displ ay_out std_l ogi c_vector(6 downto 0);

type state type is (A B, O
signal state, next_state : state_type;

begi n

-- Divide the master clock (25.175Mhz) down to a |ower frequency.
-- Though with nost of the boards, the oscillator has already been
-- dialed down to a very low frequency. As a result, we wll

-- just be using the raw system clock for our work.

process (ntl k)
begi n
if nclk ='1" and ntl k' Event then
clkdiv <= clkdiv + 1
end if;
end process;

-- Decade counter driven by the above cl ock divider to generate
-- the digits to go out to the seven segnent displ ays.

divcl k <= clkdiv(7);

inlow<=dig |l H
in_high <= dig uH,
-- Next we drive output of the seven-segnent display.

di spl ay_sel ect : process (ntlk)
begi n
if nmclk ='1" and ntl k' Event then
an_sel <= an_next;
end if;
end process;

-- The previous process and the next case-statenent detern ne
-- which seven-segnent display is enabled in any given clock
-- cycle.

whi ch_di splay : process (an_sel)
begi n

case an_sel is
when "01" => an_next <= "10";
when "10" => an_next <= "01";
when ot hers => an_next <= "01"
end case
end process;
drive _display : process (an_sel, in_low, in_high)
begi n

case an_sel is

15



end ca

end process;

-- Now we can di spl ay.

when "01" => cntr <= in_

when

"10"

=> cntr <=

when ot hers => cntr

Se;

anode <= an_sel;
ssg_out _H <= dig;

dig <=

"0111111"
"0000110"
"1011011"
"1001111"
"1100110"
"1101101"
"1111101"
"0000111"
"1111111"
"1101111"
“1110111"
"1111100"
"0111001"
"1011110"
"1111001"
"1110001"

"0000000";

end Behavi or al

when
when
when
when
when
when
when
when
when
when
when
when
when
when
when
when

lo
i n_hi
<=in_

cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
cntr
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W,
gh;
hi gh;

" 0000"
"0001"
"0010"
"0011"
“0100"
"0101"
"0110"
"“0111"
"1000"
"1001"
"1010"
"1011"
"1100"
“1101"
"1110"
"1111"

el se
el se
el se
el se
el se
el se
el se
el se
el se
el se
el se
el se
el se
el se
el se
el se

16
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-- TOP_TB.VHD -- Lab 4 Tutorial Model Sim Testbench.

-- Author: <Your nanme goes here>

-- This is the simulation testbench file for the Lab 4
-- tutorial. The VHDL you will wite for the |ab

-- itself should be simlarly comented. This tells you
-- at a glance what file you're dealing wth.

-- I nputs: <Your inputs go here.>
-- Qutputs: <Your outputs go here>

-- Revision History:

-- <Dat e>(<Your nanme>): Created.
LI BRARY | EEE;

USE | EEE. std_|l ogic_1164. al | ;

USE | EEE. std_logic_arith.all;
USE | EEE. std_I| ogi c_unsi gned. al | ;

LI BRARY UNI SI M
LI BRARY Xl LI NXCORELI B;

LI BRARY i eeeg;
USE | EEE. STD LCd C TEXTI O. ALL;
USE STD. TEXTI O. ALL;

ENTITY testbench IS
END t est bench;

ARCHI TECTURE t est bench_arch OF testbench IS
COVPONENT TOP

PORT (
sys clk : in std_logic; -- System clock.
count _clk : in std logic; -- Counter clock.
inswO h: instdlogic; -- Input switch 1.
in_swl_h : in std_logic; -- Input switch 2.
anodes_out : out std |logic vector(1l dowto 0); -- Anode enabl es.
di sp_out : out std logic vector(6 downto 0) -- Display out.

),
END COVPONENT:

-- This is the counter itself. If you want to test this
-- then unconmment all the XCR COUNT lines in the VHDL file.
- - COVPONENT XCR_COUNT

-- PORT (

-- sclk_h : in std logic; -- System clock.

-- swO_h : in std logic; -- Switch to control the counter.

-- swl_h in std logic; -- Another switch to control the counter.
-- data out h : out std logic vector(3 downto 0) -- For Model Sim
si mul at or .

-- END COVPONENT;

SIGNAL sysc : std logic; -- Cock signal.

SIGNAL countc : std_logic; -- Secondary clock signal.

SIGNAL inO_h : std logic; -- An input signal.

SIGNAL inl h : std logic; -- A second input signal.

SIGNAL anO_h : std logic_vector(1l downto 0); -- CQutput signal.
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SIGNAL disp h : std_logic_vector(6 dowto 0); -- Qutput signal
-- SIGNAL out_h : std logic vector(3 downto 0); -- If testing just the
counter,

-- unconment this signal and comrent out disp_h.
constant CLK PERIOD : tinme:= 20 ns;
BEG N

-- If you wish to test the counter itself, nmerely comrent out this
bl ock,

-- and un-conment the XCR _COUNT bl ock. No ot her changes need

-- to be nade to the testbench

UJT : TOP -- This is the top-Ilevel design.

PORT MAP (
sys_cl k => sysc,
count _cl k => countc,
in_swl0 _h => in0_h,
in swl h =>inl h,
anodes_out => an0_h,
di sp_out => disp_h

)

-- This is the counter itself. If you want to test this
-- then uncoment all the XCR_COUNT lines in the VHDL file.
-- UUT : XCR _COUNT

-- PORT MAP (

-- scl k_h => sysc,

- - count _cl k => countc,

-- sw0_h => in0_h,

-- swl h =>inl h,

- - anodes_out => an0_h,

-- data out _h => out_h

)

--Clock for A

CLOCK: process
begi n
sysc <= '0';
wait for CLK PERI O 2;
sysc <= '1";
wait for CLK PERI OD 2;
end process;

-- Secondary count clock. Not always used though

CLOCK2: process
begi n
countc <= '0';
wait for CLK PERI OD
countc <= "'1';
wait for CLK PERI OD;
end process;

-- Tests the counter pause state.
CLOCK3: process
begi n

in0_h <="'1";
wai t for CLK PERI OD* 16;
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in0_h <="'0";
wait for CLK PERI OD*16;
end process;

-- Tests the counter reset state.

CLOCK4: process

begi n
inl h<="'0";
wait for CLK PERI OD*32;
inl h<="'1;

wait for CLK PERI OD*32;
end process;

END t est bench_arch
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