Digital Circuits — Lab #3

ECED2200 - Lab #3

STUDENT NAME(s):

STUDENT NUMBER(s): B00O

Pre-Lab Information
It is recommended that you read this entire lab ahead of time. Doing so will save you considerable time
during the lab.

There is also several videos showing the use of the software tools — you will save considerable time by
watching those now. See http://colinoflynn.com/teaching/eced2200-intro-to-digital-circuits/ and look

at the ‘lab 3’ information.

Overall Objective

This lab has four main objectives: implementing a design with the 7-segment display, using a K-map to
realize a simple design, realizing the design with a mux, and realizing the design with a decoder. All parts
will be completed on the physical board.

Deliverables
There is a fill-in-the-blanks lab report due. It will be handed out in class and also available on the
website.

Part #1: Using 7-Segment Displays on Digital Explorer Boards

Objective
e Learn about 7-segment displays
e Familiarize yourself with downloading design to Digital Explorer boards

Required Materials
e Computer with Xilinx ISE 13.2 Webpack installed.
0 All computers in the lab have this installed.
0 This is free software so you can install on your own computer if you wish, you can
download it from http://www.xilinx.com/support/download/index.htm - select ’13.2’

on the side. The file is very large so you may wish to download at school, and you are
required to register to license it.
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e Example project file DigitalTrainer_Simple.ZIP
0 This file contains an environment which is already setup for your lab.

Background
The 7-segment display is a simple display which can be used for displaying different numbers. Each of
the ‘segments’ shown below is a LED:

The datasheet for example shows how these are connected as LEDs:

. .. .

AAXA XX Aaa

By driving a ‘1’ into each LED, it will turn on the associated segment. Note on our board there are TWO
7-segment displays. You can select which one to turn on by driving the ‘common’ pin LOW to enable
that display.

In order to use the display it would be convenient to have some logic which maps from normal binary
numbers (e.g.: 0110 = 6) to the corresponding segments which must be illuminated.

We will call this part a BCD-to-7-segment decoder. Remember BCD is Binary Coded Decimal, in which 4
bits are used to represent the values from 0-9. For example ‘0010 1001’ would be 41 in normal decimal,
but 29 in BCD. BCD is convenient because we can feed each nibble (group of 4 bits) into a BCD-to-7-
segment decoder to directly display a number.
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Procedure

NOTE: There is a video version of this procedure at http://colinoflynn.com/teaching/eced2200-intro-to-
digital-circuits/ which will be much easier to follow along.

1. Unpack the given ZIP file somewhere (Right-Click on the .ZIP, hit “Extract All”):
IRWD02258578271 ;

DimitalTesiner Simplezip
Open zipped) Folder

Open in new window
Extract All...
2. Open the resulting folder (it may open automatically), double-click on

“DigitalTrainer_Simple.xise” which will open the Xilinx Project Navigator
3. From the top left menu select “Implementation” instead of “Simulation” as the view:

Design —+O&
0] | View: i@ Eﬂ}lmplemenmﬁon ) 4 simulation

EEl Hierarchy

HE ':Eﬂ DigitalTrainer_Simple

| = B xc®536ul-5Y 044

ke io_connections (io_connecticns.sch)
—— "] DigitalTrainer_ConstraintsFile.ucf
=l

4. Double-click on the ‘io_connections’ file.
5. Go to the ‘symbols’ tab in the window that opens, select the first category, then place a

BCD2SevenSeg part in the middle of the schematic:
Symbaols ++ O/ x

Categories
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6. Hit ‘ESC’ to cancel, go back to ‘General’ category and place a ‘GND’ part:

oYMDoIS - A *
Categories =
<--All Symbols--> ~ i e | S =
<Ch\Usershcolin\Desktop\DigitalTrainer_Sim... = .
Arithmetic o e
Buffer = - [: 2,
Comparator b— " .
Counter = e
Dgcoder ; T S
Flip_Flop = .
General 8
10 —
Latch - = HCE:‘ZSEJEI‘IIS'EQ
@] —t ‘-
Symbols // T - Tsspment Dmiery
constant D :
gnd - :
title A .
wee R .
L4
=y s
T == =
i ,
Symbol Name Filter -~ ) _I_
= -
- =
Orientation | = = [0

7. Connect the “Common1” and “Common2” of the 7-Segment display to ground. Connect the four
inputs of the BCD2SevenSeg to the first four switches. Connect the seven output segments of
the BCD2SevenSeg to the segments A through G. The following image shows the circuit you
should have:
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8. Save the schematic. Close that file:

r_SimpleYjo_connections.sch D

- =
9. Ensure the ‘Implementation’ view is selected, and select file io_connections. Then double-click

on ‘Implement Design’:
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The implementation phase should run. Afterwards your view will look like this, you must have a
Green checkmark beside ‘Generate Programming File’:

Design +05F X o
View: @) ﬁl}lmplemenmﬁon ) [ simulation e
Hierarchy 3]

[ 'Ccﬂ DigitalTrainer_Simple §]
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— XL¥1 61 - BCD25evenSeg () >~
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“«©

P2 No Processes Running

Processes: io_connections

= Design Summary,/Reports
Design Utilities
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= t}_ﬁ Implement Design
2.1\ Synthesize - XST
P2E) Translate
2 Fit
P2E) Generate Programming File
,';‘g Configure Target Device
‘g‘ Optional Implementation Tools

H 88|28 5 | v

10. Plug in the Digital Explorer board. The power LED should light briefly and the Activity LED should
blink on then off. If the activity LED stays on unplug & replug the board.

11. Open the folder you created in step 2, the same one with the .xise file in it. Find the file called
either program or program.bat and double-click it:
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s —
@uv| » DigitalTrainer_Simple » DigitalTrainer_Simple » -

Organize « [=) Open Share with + Print Burn MNew folder

-

Enn *  MName —
T Favorites
| jed2svf.bat
J Libraries £ |[E] program.bat
| Documents || sch2HdIBatchFile

12. This will open a command line window, and take a little bit (~30-60 seconds) to finish:

BN C\Windows\system32\cmd.exe | —|pl=l ﬂh

*1*: Erasing device...
*1’: Erasure completed successfully.
Elapsed time = B sec.

: Programming device...

: Putting device in ISP mode...done.
: Putting device in ISP mode...done.
: Programming completed successfully.
Elapsed time = B sec.
[Could Hot Find C:sUsersscolinsDesktopsDigitalTrainer_SimplesDigitalTrainer_Simpl|
OPENDOUS reading command BxB1 failed <(—116>
OPENDOUS reading command BxB2 failed {-116>
IR length: 8
[Chain length:
Device Id 31311331311BBBBBBBiBEBBEiBBiBBii {BxAPABBBAAS 602093 >
Manufacturer: Hilinx
Part<{@>: RCP5364L_Ug44
Stepping:
Filename: datarsxilinx/xc?536x1_vg44/xc?536x]1_vgdd

4 1 3

p

At the end it will say “press any key to continue...”. If this happens immediately something is

wrong, probably drivers were not loaded for the Digital Explorer board.

Hanufacturer: Xilinx

Part{(@>: HC?5368L_UGg44

Stepping: a

Filename: datasxilinx-xc?536x]1 vgdd »xc?536x]1_ugdd
Parsing 195819258 (188:x>

Scanned device output matched expected TDO values.

*#Pause’ iz not recognized as an internal or external command.
operahble program or hatch file.
Press any k to continue . . .

During this time your ‘activity’ LED should be on as well.

13. Once it is downloaded, ensure the ‘CPLD Reset’ switch is set to ‘0’ (down towards bottom).

14. By varying the inputs, you should be able to make the 7-segment display show various numbers.
Fill out the truth table in the observations section for all possible 16 inputs. | have shown you
one line of the truth table to get you started.

Observations
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BCD2SevenSegment Truth Table.
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Part #2: Three Ways to Implement

Objective
e Learn about different ways of implementing a design with various components
e Familiarize yourself with downloading design to Digital Explorer boards

Required Materials
e Computer with Xilinx ISE 13.2 Webpack installed.
0 All computers in the lab have this installed.
0 This is free software so you can install on your own computer if you wish, you can
download it from http://www.xilinx.com/support/download/index.htm - select ’13.2’

on the side. The file is very large so you may wish to download at school, and you are
required to register to license it.
e Example project file DigitalTrainer_Simple.ZIP
0 This file contains an environment which is already setup for your lab.

Background
As shown in class (see slide-set: Mux and Demux) we can use both the Mux and Demux (Decoder) parts
to design a logic block.

Procedure

1. The following is a truth table for the desired logic function, Y(A,B,C) =

A B C Y
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
1 0 1 1
1 1 0 0
1 1 1 1

Part 2-A
2. Fillin the K-map in the ‘observation’ section, and form the simplified logic statements.
3. You will now implement those logic expressions. In the following examples | will be

implementing the function Y=A*B+A+C+BeC . This is not the correct logic expression you
should be implementing. Instead determine the correct expression from the K-Map.
4. Steps 5-9 are as in the previous Part (Part I).
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5. Unpack the given ZIP file somewhere (Right-Click on the .ZIP, hit “Extract All”):
IRWD02258578271 ;

niﬂi+:||Tr:|innr_SimFllE,IiFl
Open zipped) Folder

Open in new window
Extract All...
6. Open the resulting folder (it may open automatically), double-click on

“DigitalTrainer_Simple.xise” which will open the Xilinx Project Navigator
7. From the top left menu select “Implementation” instead of “Simulation” as the view:

Design ~+[O4A
Ei View: @ Eﬂ}lmplemenmﬁnn & Simulatic:n
CEEJ Hierarchy

Eﬂ 'L‘ﬂ DigitalTrainer_Simple

| = B xc9536x]-5VQ44

s =8 ... io_connections (io_connections.sch)
—— "] DigitalTrainer_ConstraintsFile.ucf

8. Double-click on the ‘io_connections’ file.

9. Draw your implemented schematic. You should use the gates such as ‘and2’, ‘and2b1’, ‘and2b?2’.
These gates contain zero, one, or two inputs which are complemented respectively, and are
faster than placing ‘inv’ parts everywhere. Connect the output to LED1.

Again the following schematic is implementing Y=A*B+A+C+BeC and not the correct
equation which you found, so your schematic will differ slightly.
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r_Simple\io_connections.sch Q|

- —
11. Ensure the ‘Implementation’ view is selected, and select file io_connections. Then double-click

on ‘Implement Design’, just as in Part 1. The implementation phase should run. Afterwards your
view will look like this, you must have a Green checkmark beside ‘Generate Programming File’:

View: @) ]:l':é;lmplememaﬁon Simulaﬁon

Hierarchy
f‘ﬂ DigitalTrainer_Simple
-| B EF %c9536u-5V044
= @ﬁ% io_connections (io_connections.sch)
E DigitalTrainer_ConstraintsFile.ucf

P2 Mo Processes Running

Processes: io_connections

= Design Summary/Reports
Design Utilities
User Constraints
€.t Implement Design
2.1\ Synthesize - XST
P20 Translate
T2t Fit

-

7 Configure Target Device
o Optional Implementation Tools

12. In the resulting view, copy the ‘Pterms Used’ output to the observations. In this example I've
used 20/180 available (12%):

¥ MNo Processes Running

Software Version 0.6lxd

Processes: io_connections

Device Used XC9536X%
= Design Summary/Reports
- Design Utilities Date 7-18-201
User Constraints
| 2 824\ Implement Design

RESOURCES SUM

P21 Synthesize - X5T
P2E) Translate

Equation l\I:f[l:Ergze]ls Pterms Used Ret?ls::‘;ars
Configure Target Device Display Style § §
g Optional Implementation Tools VHDL ~ 18736 (50%)20/180 (12%) 0/36 (0%)

PIN RESOURC

Signal Type| Required | Mapped | Pin'

T . T

13. Open the folder you created in step 2, the same one with the .xise file in it. Find the file called
either program or program.bat and double-click it:
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®u=| » DigitalTrainer_Simple » DigitalTrainer_Simple » -

Organize « [=) Open Share with + Print Burn MNew folder

-

: *  MName —

¢ Favorites
| jed2svf.bat 17707/
~ Libraries = |2 program.bat 17,07/
< Documents || sch2HdIBatchFile /07,

14. This will open a command-line window, and take a little bit (~30-60 seconds) to finish:
B¥ C\Windows\system32\cmd.exe - | PR

‘1‘: Erasing dev
E

sure cnmplecéd successfully.
Elap«ed time =

"1’z Programning device...
done -
"1z Putting device in
‘1’z Putting device in
:1': Programning completed s
Elapsed time —
Could Not Find C:\UserswcolinDesktopsDigitallrainer_SinpleDigitalTrainer_ Sinpl)
HOPENDOUS reading command Bx@1 failed (-116>
OPENDOUS reading command BxB2 failed <—116>
11 length:
Chain leng
Hewioe 145 0i011001011000000710000010010011 <Cx00BARDDSI6E2A93)
Hanufacturcrs Rilinx
a>: KCISI6RL_UG44
Stepplng

Filename : data/xi1inx/xc953Bxl,uq44/x|:9536xl,uq44

At the end it will say “press any key to continue...”. If this happens immediately something is
wrong, probably drivers were not loaded for the Digital Explorer board.

Manufacturer: Xilinx

Part (@) : AC9536XL_UQ44

Stepping:=

Filename:= datasxilinx/xc?536x]1_vgd4/%c?536x1_vgd4d
Parsing 195681958 (188:)>

Scanned device output matched expected TDO values.

' #iPause’ is not recognized as an internal or external command.
operable program or batch file.

Press any k to continue . . .

During this time your ‘activity’ LED should be on as well.

15. Once it is downloaded, ensure the ‘CPLD Reset’ switch is set to ‘0’ (down towards bottom).

16. Vary the 3 input switches (SW1, SW2, SW3) and record the output (LED1 which is Y) in the truth
table.

Part 2-B

17. For this part, we will be using a Multiplexor (MUX) block to implement the same function as
before. As discussed in class, we use the ‘select’ line inputs for the A/B/C, and the inputs to the
MUX are tied either to ‘1’ or ‘0" as required.
You will implement the truth table given earlier Y(A,B,C).

18. Setup your schematic as before. You can delete the logic from Part A if you wish, or reopen a
new file.

19. Under the ‘Mux’ category place the ‘M8_1E’ part.

20. Place a ‘GND’ and ‘VCC’ part from the ‘General’ category.

21. Connect SO/S1/S2 to SW1/SW2/SW3

22. Connect the ‘E’ line of the M8 1E part to ‘1’ (e.g.: VCC).

23. Tie DO/D1/D2/D3...06/D7 high (e.g.: to VCC) or low (e.g.: to GND) as required to implement the
truth table. The following schematic shows the first three lines of the truth table implemented:
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When ABC=000 then Y=0, When ABC=001 then Y=1, When ABC=010 then Y=1. You must decide
on the value of D3/D4.../D6/D7 based on the truth table.

Switches LEDs
: M8 1E
o
o1 -
- s
L — - B—3
R
k] 3
3 T d
o4
o
4 —1
|
E 5
- o =—9p
[
T
—1

24. Repeat steps 10 — 16 of the procedure. Be sure to again record the number of PTerms used in
the summary along with confirming the truth table is as expected.

Part 2-C

25. For this part we will be using the decoder to implement the same function as before. As
discussed in class, we can OR all the outputs that result in a ‘1’ for our required inputs.

26. Setup the schematic as before. You can delete your schematic from part B, or start a new file.

27. Under the ‘decoder’ category place a D3_8E (3:8) decoder.

28. Connect AO/A1/A2 to SW1/SW2/SW3. Connect the E pin to VCC. Use a suitably sized OR gate to
connect up the required outputs. Remember you connect an output that will be ‘1’ for each ‘1’
in the truth table. The example below shows the connection for ABC=001, Y=1.

CSwitches T nn D3.8E oo s LEDs 1
EEEE SEREEREEES S oo S
S EEEEEIEE EESSESEE i e

e C TR I

L s b e

...... Cpd L

S

[ R R RS SO IRy
B SRR o
g s b e

—A——=

29. Repeat steps 10 — 16 of the procedure. Be sure to again record the number of PTerms used in
the summary along with confirming the truth table is as expected.
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Observations

Part 2A
1. K-Map of desired truth table:

A B
cN00 01 11T 160

2. The simplified express from the K-Map is:
Y=

3. The resulting truth table from implementing that design is:

Ll I I = ===
R|R|rRr|O|OR|(R|O|O|®

RP|ROIRIO|IRIO|IR(O|O

PTerms Used =

Part 2-B
Truth Table:

o|lo|o|o|(P>
R|lRr|lO|lO|m
~|lOo|lr|O|O
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1 0 0
1 0 1
1 1 0
1 1 1

PTerms Used =

Part 2-C

Truth Table:
A B C Y
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1

PTerms Used =
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