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Introduction

Rapid Prototyping Board of laboratory GOLDI

View of the Rapid Prototyping (RP) board is shown in Fig. 1. Operation Modes:
1) Web-based rapid prototyping of digital systems:

e design (text based, PCB, automaton graph);

e program the CPLD via the remote lab infrasrtructure;

e test the design via RIA and Web-based RP board.

2) Web-based validation of digital systems:

identify the function of a given design (black box);

find malfunctions of a well-known design;

by manipulating the inputs or upload the truth table or test vectors;
CPLD not programmable by students.

Main Components of Rapid Prototyping Board are: MAX V — 5M1270Z (CPLD from Altera); Input
buttons (8 slide switches, 8 push buttons, 2 rotary hex encoder); LED outputs (4 7-segment displays, 1 LED bar
display); Other components (10 MHz crystal oscillator, Frequenzy synthesizer, Piezoelectric oscillator, Incremental
encoder, UART (via USB), 25-pin SUB-D connector).

Interaction scheme RP board with the RL infrastructure is shown in Fig.2:

e communication with the remote lab infrastructure via an Interconnection FPGA;
all inputs of the board are removed from the PCB;
replaced by a direct connection to the outputs of the ,,Interconnection* FPGA:
sets inputs according user‘s input via the user interface;
reads outputs directly;
e  Interconnection” FPGA is connected to the BPU within the remote lab infrastructure.
Web-based User Interface realization as HTMLS5 RIA (Rich Internet Application) is shown in Fig. 3.
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Figure 1 Rapid Prototyping Board
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Figure 2 Interaction scheme of RP board with the laboratory infrastructure

Figure 3 Web-based User Interface — RIA

Main interface components are:
e upload the synthesized CPLD code of the design to program the CPLD automatically in the remote
lab;
e visual model of the RP Board, to manipulate all the inputs virtually and watch the outputs of the
RP board;
e webcam observation in the remote lab to watch the results of the user‘s action directly.
Design Flow for Digital Systems is shown in Fig. 4. The diagram shows the basic blocks:
e common design tools: implement the control tasks e.g. with Altera‘s IDE; students can use ,,self-
made* IP core libraries;
upload the synthesized design to the RP board,;
programming the stand-alone RP board;
web-based programming of the RP board via the remote lab infrastructure.



Altera‘s Integrated Development Environment
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Figure 4 Design Flow for Digital Systems

Text based design methods enter the design by means of logical equations, truth tables or hardware
description languages (AHDL, VHDL or Verilog) (Fig. 5).

Graphically based design methods enter the design by using block diagrams and/or schematic diagrams
(Fig. 6).

Integrated FSM editor enter the design by using automata graphs (FSM) (Fig. 7).

Simulation of the design by using different simulation tools (e.g. Qsim or ModelSim) (Fig. 8) [16].
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CASE fstate IS
WHEN Z0 =>
IF ((((({xkz = "7} &
reg fstate <=
ELSIF (((dr = '1'} &

(=

OT ((dr = '1'})) AND NOT((dl = "1"))) OR (((xkl = 'i')

*i')}} AND

T((dl = '1')))) THEN

AND (dlL = '1'))) THEN

NOT ((xkr = '1'}} AND HOT((xkl = '1'})) AND NOT((dr = '1'))) AND NOT{(dl = '1'})} OR ((dl =
reg_fstate <= Z0;

-- Inserting 'else' block to prevent latch inference

ELSE
reg_fstate <= 20;

END IF;

ELSIF

yml <= xlr:

steu2 <= '0';

el = 2Ny
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Figure 5 Text based design method



Figure 3.6 Graphically based design method
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Figure 7 FSM based design method

Figure 8 Simulation of the design



Lab 1 - Introduction to Quartusl||

1 Introduction

This is a small introduction in some features of Quartus II. We will create a 4 bit full adder step by step as
block diagram and an automaton as state machine. Later we will simulate them with ModelSim-Altera.
With a prepared template we will program a complex programmable logic device (CPLD).

2 Preparation
2.1 Download

You can download Quartus IT and ModelSim-Altera here: http://dl.altera.com/?edition=web

We will use the version 13.1. You can download the Combined Files or the Individual Files.

With the Individual Files you only have to download in Device the MAX Il, MAX V device support, store
all in the same directory.

r
Quartus Il Web Edition

Home > Support = Downloads > Quart

Release date: November, 2013
Latest Release: v14.0 &Q
Select release: 131 - .

QUARTUS*H
_ r
Operating System @ # &

Select the operating system on which you will run the Quartus II software.

windows O Linux

Download Method @ Akamai DLM3 Download Manager © Direct Download
Select whether you will use the download manager (WII‘IdDW= only) or |:I|rE|::I:I\-I download the files.

The do =d nag
The do manager 3

v The Quartus II software version 13.1 supports the following device families: all Cyclone 111, Cyclone IV, MAX
11, and MAX V devices; select Arria II and Cyclone V devices. « More

Combined Files Individual Files | Additional Software Updates

Download and install instructions:  ~ More
Read Altera Software v13.1 Installation FAQ
Quick Start Guide

i select All
[#]Quartus IT Web Edition (Free)
.Quartus II Software (includes Nios IT EDS) D
Size: 1.5 GB MD5: 7AD4 IF A1C UPDATE

.ModelSlm Altera Edition (lm:ludes Starter Edltlon]
Size: 3 S56DFFC

[l Devices
You must install device support for at least one device family to use the Quartus II software.

[]Arria II device support
Size: 466.5 MB MD5: 35ESACGD5AC

DCycIone II1, Cyclone IV device support (includes all variations)
Size: 548.4 MB MD5:

6455297027 7FFLFZ716

Size: 4 ME MD5:

.MAX II, MAX V device support
Size: 5.1 MB MD5: 42B7C7CT704AA

| Download Selected Files




2.2 Create a new project

After starting Quartus II you see the following:

€4 Quartus T 64-Bit Lo

Fie  Bdt Vew Pogect  Assgoments  Processng  Tods  Windw  Hep 5 Seanch Jlhera. con @
Udd & 2@ 9o Y - FRR T PPN 00 SR AR

[ropecerievigemar a8 = Hare B | I Catzlog_ H x|
a X amiy | MAx -

Start Designi
4 Complation Herarday Rl e gning =N x

. Web vs Subscripton

;1 Edisan

Tew Project Wizard &) by software

£y Docwmentation

| ”
AvHerzchy [ E[Fies |7 Desen 4)p

[Tasks i ﬁ L, Training

Flow: |Wauw = In.smm...l

Open Project Supaort
ek - o

4 P Compie Dzsgn

. What's Naw
@@ Hatdication Center

e

MOED W T v
:

NTvpe ID  Heasage

0% 000000

Select ”Create a New Project” and “Next”. Now you are asked to name your project. Here it is
important that the name of the "top-level design entity” is the same. This name is for the final document, do not name
one of the other documents like this.

Here we will name the project “FourBitFullAdder”. Click twice on "Next”.

(s

Directory, Name, Top-Level Entity [page 1 of 5]

What is the warking directory for this project?

c (o]
What is the name of this project?

FourBitFulladder]| =
What is the name of the topJevel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
FourBitFullAdder E]

[Use Existing Project Settings...

On the following page you select the CPLD you want to use. We need here the MAX V SM570ZT100CS5.
But this selection can later be changed. Afterwards you select twice ”Next” and ”Finish”.
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—
A )
Family & Device Settings [page 3 of 3]
Select the family and device you want to target for compilation,
‘You can install additional device support with the Install Devices command on the Tools menu.
Device family Show in "Available devices' list
Family: [MA)( W '] Package: [M\( ']
Devices: |AII - | Fin count: [1.00 - ]
Target device Speed grade: [MV T ]
@) Auto device selected by the Fitter Name filter:
@ Spedfic device selected in "Available devices' list Show advanced devices || HardCopy compatible only &
Other: nfa
Available devices:
Name Core Voltage LEs UFM blocks o
i SMB5/ULMIOUAS | 1V 5/ 1
SM570ZM100C4 1.8V 570 1
SM570ZM100C5 1.8V 570 1
SM570ZM 10005 | 1.8V 570 1
I SMS7OZT100AS 1.8V 570 1
SM570ZT100C4 1.8V 570 1
5M570ZT 100C5 @
SM570ZT100I5 1.8V 570 1 -
Companion device (5}
HardCopy: | - |
[] Limit DSP & RAM to HardCopy device resources
<Back | [ Mext> |[ Fnmsh |[ cancel |[ hHep |
LS

3 Design Files
For creating new design files select ”File — New”. In the list you chose the design files.
r@ Mew oo M

Mew Quartus II Project
4 Design Files
AHDL File
|Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Td Script File
Verilog HOL File
VHOL File
4 Memoary Files
Hexadedmal (Intel-Format) File
Memory Initialization File
4 Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File '
SignalTap II Logic Analyzer File
University Program YWF
4 Other Files
AHDL Indude File
Blodk Symbol File
Chain Description File
Synopsys Design Constraints File
Text File

In the following we will create the 4 bit full adder. So select the Block Diagram File.

3.1 Block Diagram
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At first save your file. If it is not the top-level design entity, name it not like your project.
Because we want to create a 4 bit full adder, we will compose it of 1 bit full adders and these of half adders.
So save your file under the name “HalfAdder”.

3.1.1 Symbols
On the tool-bar you find the icon for the insertion of symbols, the Symbol Tool. (On the right side of the A
- symbol.) Here you can insert one XOR and one AND gate. (Libraries: — primitives — logic)

Project Navigator e x | ﬁ HalfAdder bdf* [x] ‘
Eny FragA@E-0133N\N00 B
Libraries:
Ef nors -
£ not
£ oriz
£F or2
E£f or3
EF ors
Ef ors
£ org
£l sanor EI
xor L
< nr | »
K1
&. Name:
= (o]
[Tasks Repeat-insert mode
Flow: [] tnsert symbol as block
[[] Launch MegaWizard Plug-In
( MegaWizard Plug-In Manager. ..

Analysis & Elaboration

3.1.2 Pins

Next to the Symbol Tool is the icon for the Pin Tool. Insert two Input-Pins and two Output-Pins. Connect
the elements like shown here.

Project Navigator e x | ] Halfadderbdf a |

Entity FBREATAYEJO T I IANNSOONYFR a2 4 Hd B 4 a@B 9o
&CydﬂneIVGx:AuTD o o o o o .
e e 2 Clniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiios S

Save this file again.

3.1.3 Symbol File
In order to use the half adder for building a 1 bit full adder, we will create a Symbol File for the half adder.
With this file we can later insert the full logic of the half adder in an other Block Diagram only with one symbol. To
do this, select ”File — Create/Update — Create Symbol Files for Current File”.

3.1.4 4 bitfull adder

At first we create a 1 bit full adder. Generate a new Block Diagram file with the name ”OneBitFullAdder”.
With the Symbol Tool under Libraries: Project — HalfAdder” you can insert the half adder. Now you
complete the one bit full adder.
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| 8 HalfAdder.bdf B | OneBitFullAdder bdf

e |
BRQOGADE-O11INANNOONYFE WS &)/ HdE % 2R 9o

HalfAdder

Create again a Symbol File for the 1 bit full adder.
Now complete the 4 bit full adder with four 1 bit full adders in one more Block Diagram file. This is the
top-level design entity, so name it like the project ”FourBitFullAdder” and save it.

[ HalfAdder,bdf ERE OneBitFullAdder,bdf D FourgitFullAdder,bdf [x] |

BEACACE-O1 1 ANNNOON M 2/ d 8 % 2l 9o

Bredifuiiadder | oo

. | OneBitf ullAdder

OneBitFulldder

3.2 State MachineFiles

With Quartus II you can although design your project with state machines. Later this files can be used to
generate HDL-Files.

For the state machine select ”State Machine File” in the design file list. As an example we will create this
finite state machine:
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x0 (~x1 & x0) | (x1 & ~x0)
~x0
~x1 & ~x0 x1 & x0
x0
(x1 & ~x0) | (~x1 & X0) g

3.2.1 State Machine Wizard
You can assemble your automaton with the tools or use the State Machine Wizard. For a large and
complex automaton it is easier to use the State Machine Wizard.
In the tool-bar you find the State Machine Wizard:

| &b SM1.smf x| |
u T — g 3 o
> o 0 WEEER 5 @Hadve (&)
Input Table REx||- T T ‘Z . -
Input Port . . - — .
1 - reset | &b State Machine Wizard lﬂ R
2 & dock
State Machine Wizard helps you create or modify a state
machine design
Which action do you want to perform?
@ Create a new state machine design
() Edit an existing state machine design
QK ] [ Cancel ] [ Help
4 [ | »
Output Tahle 18 x
Output Port

Select the action you want to do. Here of course ”Create a new state machine file”. Later you can edit the
finite state automaton.

At first you have the following options:
r@ State Machine Wizard &Jw

General \{ Inputs \f Outputs '_hf States \f Transitions \f Actions \

Which reset mode do you want to use?

@ Synchronous
) Asynchronous

Reset is active-high

Transition to source state if not &ll transition conditions are specified




14

Then under ”Inputs” and ”Outputs” we insert all needed inputs and outputs. Now name all states and one of
them with "Reset = Yes”, at a reset the automaton returns in this state.

Inputs /" Outputs Y
Input Port Controlled Signal
dodk Clock

reset Reset

[ General \/ Inputs \/ Outputs \/ States \

General \/ Inputs \/ Outputs States Transitions Actions State  Reset
Output Port Registered Cutput State zZ0 Yes
y0 No Current dock cyde 71 No
y1 No Current dock cyde 72 No

i3 No
< MNew >

After that define the transitions. Write the bit operations like that:

[ General Y/ Inputs /" Outputs
Source State Destination State
0 0

Z0 Z1

Z1 0

Z1 1

Z1 3

2 0

2 2

2 3

Z3 iz

Z3 3

States Transitions \,‘_' Actions }
Transition (In Verilog or VHDL 'OTHERS")

L]

x0

ol & roxl)

(o1 Bx0) | (1 & ~x0)
*1&x0

gl & rox)

(o1 Bx0) | (1 & ~x0)
*1&x0

~H0

0

&AND | ODER

[ General \/ Inputs \{ Outputs \/ States \/ Transitions '}/ Actions '\_
| OutputPort Outputvaue InState Addtional Condtons
y0 0
y0 2
y0 1
y0 i3
y1 0
¥yl 1
y1 2
y1 i3

e =T =T =R =]

~NOT

At last we define in ”Actions” the value of each output variable in each state. This definition must be
complete, otherwise the value of one output variable in one state is undefined.
Now when you select ”OK”, you can see the ready finite state automaton.

3.2.2 HDL File Generation

23 AT

With the symbol on the right side of the State Machine Wizard Tool, you can generate HDL files out of
your finite state automaton. Select here "VHDL”.

4 Pin Planner

For the Pinout of you design you use the Pin Planner: Assignments — Pin Planner



W Pin Planner -
File Edit View Processing Tools Window Help =
o oo | e S B Ty A
ey = i *BRDOE EEVRADREEROCAVERC
@ Mode Name Direction 5 8
<< = B30
@ NEW Group: i 8
@ B Top View
) 5 Wire Bond
T i
)
¥ |« i 3 ‘:g
«0
® |[Tasis 2a x| ‘;8
-
P Run Analysis and Elaboration £ D MAX W
E'H 4 [ Early Pin Planning Dl ::‘8
||
&)} [ Early Pin Planning. .. :8 BM570ZT100CS
‘_ﬁ B Run I/O Assignment Analysis :8
3 ] Export Pin Assignments... mg
4 [ Change View
e o = - BT HBN I ERNTMTEBO NG L LG &S
I % < T ] » =
w |[%|Named: * ~ () it 3¢ ][] | Fiter:{pins: all -
L]
5‘3 g Mode Name Direction Location IO Bank Fitter Location 1/0 Standard Reserved Current Strength Differential Pair
i <<new node>>"
<
|| &
| &
i
i
[
|
I
| 2
&
| =] « [ ||| ] v
|| Early Pin Planning 0%  00:00:00
b

If you have never done the compilation before, the Pin Planner is empty. Then you have to define all In-
and Outputs from your top-level entity yourself (Node Name, Direction). With compilation this is already done:

W Pin Planner -
Fle Edt View Processing Tools Window Help &)
..... = 1a x| ==
2 KT WG MEKT NG R BB
|- Named: = = = DREEREVAVELDVOADBORRDOOATVEDO
=) Mode Mame Direction . % I
<<new group>> & g
b ;@
Top View
| B o0
: Wire Bond
O :
X ;
€ |« [ 3 ;E
Pin|
* | [esks T5 x| -8
P Run Analysis and Elaboration = + [
D MAX W
2 4[5 Early Pin Planning 9
|| b
&l ] Early Pin Planning... = g SM570ZT100CS
‘_ﬁ B Run 1/0 Assignment Analysis :8
3 ] Export Pin Assignments. .. ”8
=
4 [ change View DEBDOAVREDEVRARDE
S - BT HBK I RBKEATABOAC AL BT EER
I e [l 1 | =
2 x| Named: = [ it 3¢ [ |Fiter:[pins: all -
ﬁ% g Node Name Direction Location If0 Bank Fitter Location 1/0 Standard Reserved Current Strength Differential Pair
| L %0 Input PIN_73 3.3V LV...default) 16maA (default)
(=] e xl Input PIN_74 3.3V LV...default) 16maA (default)
g o Output PIN_33 3.3V LV...default) 16maA (default)
59
il

Now you have only to select the Pins (Location):
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@ Pin Planner - - -' EI@M
Fle Edit View Processing Tools Window Hep 5 Search altera.com @
l_-=D :|Groups 18 x | S

| Named: = =, » DREREVAVERVRADRREROOATERO
@ Mode Name Direction B 8 g ]

<<new group’ > B o-

© i B

Y 8 Top View B-
B M
@ s Wire Bond 8_
3 . g,
“ -
e | . :
4 M
L AK " G - A 6.
. @ «
™ |[rasks 1A x| =B 0o
[ w3 .

g 9 -~ . /

[EE # Run Analysis and Elaboration _.3 MAX Y :
= 4 [ Early Pin Planning [ P! s
i
i) ] Early Pin Planning... :g SM570ZT100CS g:
iﬁ P Run I/O Assignment Analysis :8 gi
= 1 Export Pin Assignments. . Mg 8*

= a
4 [ change view EEDE0AVARDBVEABLEOOAVEE00
i RN - xrmmes HEMTMBEN s s L BT e
i | ) | 1 ]
&= —_— —
o |[%|Named: = (] edit [ 3¢ | [ PN_33 | Fiter:[pins: all -
]
) g Node Name Direction Location If0 Bank Fitter Location 1/0 Standard Reserved Current Strength Differential Pair
0 %0 Input PIN_73 2 PIN_73 3.3V V.. default) 16mA (default)
& B xl Input PIN_74 2 PIN_74 3.3V LV...default) 16mA (default)
g 2 0 Output ...default) 16mA (default) 1
<<new node>> PIN_30 IOBANK_1 Column 1/0 -
EQ PIN_33 IOBANK_1 Column IO DIFFIC_B: |
PIN_34 IOBANK_1 Column 1f0 DIFFIO_B3n
PIN_35 IOBANK_1 Column 1f0 DIFFIO_B4p
PIN_36 IOBANK_1 Column I/ DIFFIO_B4n D
PIN_33 IOBANK_1 Column 1f0 DIFFIO_BSp
PIN_40 I0BANK_1 Column 1f0 DIFFIO_BSn ‘
PIN_41 IOBANK_1 Column I/0 DIFFIO_BGp
| PIN_42 IOBANK_1 Column 1f0 DIFFIO_B6n
£ PIN_43 IOBANK_1 Column 1/0 DIFFIO_B7p, DEV OE =
L=l « " I v
100% 00:00:11

5 Compilation

To compile your project select the top-level design entity and start the compilation.

File FEdit View Project Assignments Processing Tools Window Help 5/

DS H@ % D@ 9 o [FissAmeen R ¢S o)v HD ER R A0
ProjactNEV|gamr Bax | 4@ FinitStateAutomaton. vhd B8 |

: : _ -

s | BasT = o0 BaR 08 Tme T2 EEE

If there are some errors, look them up in the Compilation Report. The errors and warnings are listed in the
red folders under Messages.

6 Simulation

We will use ModelSim-Altera. If you have installed ModelSim-Altera not with Quartus II, you have to set the path to
the executable from ModelSim-Altera:
Tools — Options... and here: General — EDA Tool Options at ModelSim-Altera:

C :\altera\14.1\modelsim ase\win32aloem

You can only simulate the top-level entity. When you want to simulate an other file, you have to set this file as top-level
entity. (In the Project Navigator or ”Project — Set as Top-Level Entity””) After changing the top-level entity you have to compile
your project again.

So you can simulate the ”HalfAdder”, the “OneBitFullAdder” and the state machines too.

6.1 Simulation Waveform Editor

Now we will create the input file for the simulation. With this file we define the behavior of the inputs over the time.
Select “’File — New”. Now we need here the ’University Program VWF” in Verifica-tion/Debugging Files.
In the new window select ”Edit — Insert — Insert Node or Bus...”.
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’ p &) Search altera.com @
£ X 0 1 Z YT W I
@4’ Reoll J_L—X:X: i @Inser‘tNodeorBus u
Master Time Bar: -Ops E - CEnd:
0 ps .0ns 800.0ns 960.0 nsl‘
e e [P e e 7 ' ' '
0ps ps
I || value type: [Q-Level VI .
=
Radix: [Binar\-I - ]
Bus width: 1 )
Start index: .0
Display gray code count as binary count
T ————
4 [ 4 | n | -
0% 00:00:00
. =

Here click ”Node Finder...”. Now ”List” all Nodes and select them all:

I
&4 Node Finder

===

Nodes Found:

Named: = Filter: |Pins: all V” OK. ]
e [

Selected Nodes:

Name Type Name Type
2, dock Input In_ clock Input
% reset Input ' reset Input
in in

B X0 Input - 5 %0 Input
o x1 Input n Input
2L yo Cutput ] Cutput
2 y1 Output Myl Output

Click twice ”OK”.

In this file you can now define the behavior of the inputs. For the clock-signal it is easier to use the ”Count
Value” in the toolbox. Set the values from the other inputs like the behavior you want to test. (You can not change
the output values.)

For example like this:

7 B
@ Simulation Waveform Editor - [siminputwwi] E‘Eu
Fie Edit View Hep 5 Search altera,com (]

@2 2 )z 0 wE)e 2 v @
Master Time Bar: 0 ps E] E] Pointer: 292,45 ns Interval: 292.45ns Start: End:
Val t ps |80.0ns 160.0ns  240.0ns 320.0ns 400.0ns 480.0ns 560.0ns ©40.0ns 720.0ns 800.0ns 8B80.0ns 960.0ns | o
MName OED:E al o ‘( 1 [} ] [} [} [} [} ] [} [ [ [}
t
o dock BO
o reset B1l
o B0 1 [ EREREERREEN [ 1
5o B0 | | | |
M v BY
M oy BX
q | 1 L
0% 00:00:00
— =

Save the file.
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6.2 Start Simulation

You can start the simulation with ”’Simulation — Run Functional Simulation”
You get a read-only file with the result of the simulation. It is like the input file, but with the simulated
output. You can check here that everything works right.

&3 Simulation Waveform Editor - [FinitStateAutomaton.simwvwf] (Read-Only) =NR=N X A
Fie Edit view Help 5 Search altera,com @
B2 z e 52 )E)E R EE )6 ([E)HK

Master Time Bar: 0 ps E] E Pointer: 66,47 ns Interval: ©6.47 ns Start: End:

Ops B80.0ns 160.0ns 240.0ns 320.0ns 400.0ns 4380.0ns 560.0ns &40.0ns 720.0ns 800.0ns 330.0ns 960.0ns
Name Value at ' ' i ' ' ' ' i \ ' \ \

Ops ps
o dod‘ — .
in_ reset Bl
n_x B0 ]
LS | B0

2
[s

RN 1
N

y0 B0 1
o

¥l BO

2
Qs

0% 00:00:00

When you want to simulate this file later again, open the vwf-file and start the simulation again.

7 CLPD Programming
7.1 Template

For our CLPD board is a template with all In- and Outputs given. You have only to insert the logic and connect it with
the In- and Outputs.

Open the template and add the files you want to use. Therefor select ”Project — Add/Remove Files in
Project...”. Open and add all files you want to use, also the lower layers. (For the FourBitFullAdder the
OneBitFullAdder and the HalfAdder too.)

If this was successful, the files are listed in the Project Navigator (on the left side) under “Files”. Now, if
not done before, create the Symbol-Files. With the symbols assemble the logic in the template.

7.2 Example: 4 bit full adder

Here the 4 bit full adder is used to add the two hex rotary switches. Because the hex rotary switches are low active you
have to negate the signals.
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For the output is used the bargraph display.

7.3 Programmer
To program the CLPD we will use the IUT RemoteLab CPLD Programmer. Guarantee that the board is

connected with the computer. After starting the Programmer open the POF-File of your project and select
”Program”. This will take a few seconds.

8 Questions

1. What are the main components of rapid prototyping board?
2. Which types of the rapid prototyping board exist?

3. Which ways we can create design?

4. What is Adder?

5. Which type of Adder exist?

6. Where Adder is used?

7.

How to make pinout in Quartus and why to do it?
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Lab 2
Design of a 7-segment decoder

® In this work we will design 7-segment decoder and program CPLD board.

1. First steps with the system Quartus 11

The first steps are to be familiar with the design system Quartus II.
This introduction is for another CPLD - but it doesn't matter for this step.
For all other designs, please use the CPLD type SM1270ZT144CS5 - selectable via “assignment-> device”

Select the family and device you want to target for compilation.
You can install additional device suppart with the Install Devices command on the Tools menu.

Device family Show in 'Available devices' list

Family: [Max v Package:  |TQFP

Devices: |All Pin count: [144

Speed grade: [5

Target device
B Mame filter:
(71 Auto device selected by the Fitter

7| Show advanced devi HardC tible only £
@ Spedfic device selected in "Available devices' list oW advanced devices ardLopy compatice onty

Gther: n/a [Device and Pin Options...

Available devices:

Name Core Voltage UFM blocks
SM2407T144C5 | 1.8V
SM240ZT14415 1.8V
SMS70ZT144C5 1.8V
SM570ZT 14415 1.8V
SM1270ZT144C5 1.8V
SM1270ZT14415 1.8V

Migration compatibility Companion device =)

Migration Devices. .. HardCopy:

0 migration devices selected Limit DSP & RAM to HardCopy device resources

i"W Buy Soﬂ:warei [ CK ] [ Cancel ] [ Help

I've preconfigured nearly everything in your individual design directories - you can use it.

2. The first project: template

In the folder “template” I prepared a complete design, that you can
e open via the project file CPLDLab_Template v1_00.qpf,
e compile,
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e and also program our CPLD board.

It contains all pinout information, as well as the used CPLD type. It is the basis for all other designs in
other directories.
This design only serves to turn off all display elements - to save power.

You can “play” with this design - but please create a separate folder to do this. In this “template” directory
please do no modifications.

In the following are the steps for the first really design task: 7-segment decoder ...

3. Design of a 7-segment decoder
For almost all the designs we want to display something via 7-segment displays
(http://en.wikipedia.org/wiki/7_segment or http://de.wikipedia.org/wiki/Segmentanzeige). To do this your first design
task is the design of a 7-segment decoder.

Please note: our segments are low active, i.e. they are switched on by logically 0! Hereby we want to use
different specification techniques, e.g.

e the design of a schematic by using different gates (e.g. NOT, AND, OR, ...)

e the design in AHDL description language (see some materials about AHDL in Theory directory),

e the design in VHDL (see some materials about VHDL in Theory directory).

I have prepared a folder "hex2seg" to do this. Via the project file hex2seg_test.qpf you can start your work.
The single decoders please interconnect with the hex encoder switches (I inserted already NOT gates,
because they are also low active) as input, and one of the four 7-segment displays as output.

a) Design of the 7-segment decoder as PCB schematic

Please create a file hex2seg_sch.bdf (as indicated in the introduction).

Insert the design of the 7-segment decoder by using gates as schematic.

The inputs please label with x 3, x 2, x 1 and x_0 and the outputs a, b,..., ¢ for the 7 segments.

Compile the design.

You can test the design by using the simulation file hex2seg sch.vwf (analogue of the introduction).

After you have created a symbol, you can include this into the project file hex2seg_test.bdf and connect to
one of the four 7-segment displays and compile.

b) Design of the 7-segment decoder in AHDL-notation
e AHDL: Altera hardware description language
e This description language provides a simple syntax.

e  You should enter the design by using equations (with the prepared template file hex2seg ahdl equ.tdf) and
by using truth table (with the prepared template file hex2seg_ahdl tab.tdf) for this.

e Please compile the designs and simulate it (by using the same simulation files) and generate a symbol.
e After you have created a symbol, you can include this into the project file hex2seg_test.bdf and connect it to
one of the four 7-segment displays, and compile as described above.

c) Design of VHDL-notation, a 7-segment decoder
e VHDL: Very high speed integrated circuit hardware description language (sounds pretty exciting - but it
is the world's most used language for hardware designs).

e You should develop for this design also a notation with equations (with the prepared template file
hex2seg vhdl equ.tdf) and with a kind of truth table (with the prepared template file hex2seg_tvhdl tab.tdf).

e Please compile the design and simulate it (by using the same simulation files) and generate a symbol.

e After you have created a symbol, you can include this into the project file hex2seg_test.bdf and connect to
one of the four 7-segment displays, and compile as described above.
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When you finally have connect all 7-segment-displays to the decoders (which are connected to the two hex
coding switches on the input side), you can compile the overall design and test it on the stand- alone board or in our
GOLDi remote lab in IImenau.

Please "zip" now to the results of your first task (the hex2seg folder) and send it back to me - to check it ;-).

In the same manner we want to do it in all other designs.

A note to the folder ip_cores

A widely usable, pre-built function block is known as IP-core (English: intellectual property core).

This includes "intellectual properties” of the developer or manufacturer and is typically licensed or bought,
to integrate it into the own design.

We want to use this folder to save often used designs inside (finally to save time), such as

® neg: a device, which generate a signal normal (high-active) and negated (low-active)
® not4: 4 NOT gates as a block
®  mux2x1, mux4x1: 2-to-1 or 4-to-1 multiplexer

® prescaler: a frequency divider, which divided the crystal clock (10 MHz) to the desired
frequency.

These modules could be used for designs whenever it is necessary.

4. Questions:

How much segment has 7-segment display in RP board?

To draw the position and index of each segment in a 7-segment display.
To write ASCII Table from 0 to F (using 10 and 16 number systems)
What is truth table?

What kinds of logic gates you know?

How the “not4” block works in the design?

How the decoder works?

What you Know about AHDL and VHDL? What is the difference?

P NN R LD =
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Lab 3 - Modular Combinational Logic

Part: Binary Arithmetic Elements

® Read the file “Modular Combinational Logic” on the Theory directory
e  Complete the truth tables, Karnaugh maps and derive all the equations from this.

Preliminary

®  Select the folder adder inside quartus2work directory for this task.

(1) Basic Binary Adder Circuits

®  Open the adder_test project (adder_test.gpf)
® Design a Half-Adder:

O make a new BDF file with the name ha.bdf

O enter your design as schematic

O set as top-level-entity

O compile and create a new symbol with the same name ha.bsf

O simulate your design with the prepared ha.vwf file or with your own

EF v

Lg
LS

MName

c_out

0 ps 80.0 ns 160.0 ns 240.0 ns 320.0 ns 400.0 ns
Value at 1 | | \

Ops 0ps

-

BO | | | |
B0 BEEE BEEE
0 | | RN

® Based on your equations, please design a 1 bit Full-Adder (based on two half-adders):

O make a new BDF file add1.bdf
O enter your design (use only your half-adder and OR symbols)

O set as top-level-entity
O compile and create a new symbol with the same name add1.bsf
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0 simulate your design with the prepared add1.vwf file or with your own

BT ETS S
V= (95 (97| % | Y

0ps 40.0ns 80.0ns 120.0 ns 160.0 ns 200.0ns 240.0 ns 280.0ns
Name Value at 1 ' i i i i |
Ops 0 ps
BO

b B0 | | | I | | | | | | | | | |
c_in EO
c_out EOQ

(2) Parallel Binary Adder Circuits

® Based on the full-adder design, please create a 4-bit parallel (ripple carry) adder:
O make a new BDF file add4x1.bdf
O enter your design (using the addl symbols, a full-adder at LSB)
O set as top-level-entity
O compile and create a new symbol with the same name add4x1.bsf

s adddx]
"— c_in =0 —"
— al 21 —
“—{ bl 52
a1 23 —"
— b1 c_out —
+—az '
b2
- a3
— b3

O simulate your design with the prepared add4x1.vwf file or with your own
O check the simulation results

UL

Abdiababab dhabaibs

UE U5

o o o e
Us U5 s

2
s

Value & Ops 150.‘0 ns 320}0 ns 430.‘0 ns 640}0 ns BUU.‘U ns 960.‘0 ns 1‘1I2us 1.2? us l.ﬂus I.SI us L?IG us I.Q‘Zus Z‘UIB us 2.2‘4us 2.4Ius Z‘EIS us

Name Ops e
c_in BO
4 a HO
a3 HO
a2 HO
al HO
al HO
4 b HO
b3 HO
b2 HO
b1 HO
bo HO
cout )
a5 HO
s3 HO
s2 HO
s1 HO
s0 HO
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yvihah @b @b bbbl dha

R TR
Uz Us Us We U2

52
"=

Name

c_in

4 a

2.56 us 2.72us 2.88us 3.04us 3.2us 3.36us 3.52us 3.68us 3.84us 4.0us 4.16us 4.32us 4.48 us

4.64us

48us 4.96 us 5.12
Walue a ' ' v

0ps

BO

HO

HO

HO

HO

HO

HO

HO

HO

HO

HO

BO

HO

HO

HO

HO

HO

Now test the whole adder design with the given file adder_test.bdf:
O place the symbol add4x1 to the adder_test.bdf file

O connect the symbol to the hex-coding switches and one of the 7 segment displays (using one of
your 7-segment-decoder circuits)

O set as top-level-entity
O compile and program the result to the board (web-based or stand-alone)
O test your design

(3) BCD Adder Circuits

Open the bed_adder_test project (bed_adder_test.gpf)
Based on the 4-bit adder design, please create a 1-digit BCD adder for the addition of two BCD numbers
(one digit):

O make a new BDF file bcd_add_4bit.bdf

O add the files you need to the project (e.g. the add4x1.bdf)

O enter your design (using two 4-bit adders and a simple additional logic for

invalid BCD correction)
O set as top-level-entity

bed add dbit

O compile and create a new symbol with the same name bcd_add_4bit.bsf | T
_ sl :
-'— 0 st—
"_ al sl _
—m 52 —'—
-'— a2 53—
"_ b2 c_out _
_ a3 :
"_ b3

O simulate your design with the prepared bcd_add_4bit.vwf file or with your own
O check the simulation results



LAl b A Al ALk ah Ak

IR
s U5 s

)
s

vEGE LR B B EEEE

)
s

4b
b3
b2
bi

0]

HO

HO

HO

HO

HO

HO

HO

HO

HO

HO

BO

BO

BEO

BO

BO

BO

0ps 20.0ns
Value at PP '
Ops Ops
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40.0ns 60.0ns 80.0ns 100.0 ns 120.0ns 140.0 ns 160.0 ns
' ' : i ' ' v

180.0ns
v

200.0 ns
i

220.0ns
i

Value at
Ops

440.0 ns

460.0 ns

A O A R AR N AR ARRE
I A 1 S S N
A S S N I S Y 5 6 A

260.0 ns 280.0 ns 300.0ns 320.0ns 340.0ns 360.0 ns 380.0ns 400.0 ns 420.0ns

480.0 ns

Now test the whole BCD adder design with the given file bcd_adder_test.bdf:
O place the symbol bcd_add_4bit to the bed_adder_test.bdf file

O connect the symbol to the hex-coding switches and one of the 7 segment displays (using one of
your 7-segment-decoder circuits)

O set as top-level-entity

O compile and program the result to the board (web-based or stand-alone)

O test your design

Now we are able to cascade 1-digit BCD adders to Multiple-Digit BCD adders.

Based on the 1-digit BCD adder design, please create a 2-digit BCD adder for the
addition of two BCD numbers with 2 digits:

O create a new BDF file bcd_add_2x4.bdf
O enter your design (using two 1-digit BCD adders)

O note: please label your inputs and outputs as follows:

a[03..00] for the LSD of a
a[13..10] for the MSD of a
b[03..00] for the LSD of b
b[13..10] for the MSD of b
s[03..00] for the LSD of s

s[13..10] for the MSD of's

O set as top-level-entity

| bod_add_Z2x4

—c_in
- ald
1 b0
-— alM
-1 b1
——alb2
b2
- alb3
—— b03
-1 ald
1 b10
“—all
—b11
—al2
—bl12
—1al3
——b13

s00
sl
s02
s03
cl_out
s10
s11
512
513
c_out
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O compile and create a new symbol with the same name (bcd_add_2x4.bsf)
O simulate your design

®  Now test the whole 2-digit BCD adder design with the given file bcd_adder_test.bdf:
O delete the old bcd_add_4bit symbol
O place the symbols bcd_add_2x4 to the bed_adder_test.bdf file
O connect the symbols to the hex-coding switches (for the 2-digit BCD number

O a) and the 8§ slide switches (for the 2-digit BCD number b) as well as to the three 7 segment
displays (using one of your 7-segment-decoder circuits). The third 7 segment display is only
used to display a “1”, if we have a carry out.

O set as top-level-entity
O compile and program the result to the board (web-based or stand-alone)
O test your design

(4) Parallel Binary Adder/Subtractor Circuits

®  Open the add_sub_test project (add_sub_test.qpf)

® Based on the 4-bit adder design and the 2’s complement arithmetic, please create an 8- bit
adder/subtractor circuit, that will perform the addition (if the selection signal sel =
0) or the subtraction (sel = 1) and will generate the carry (c_out) and overflow (overflow)

flags. )
Vadd_sub_3xd
O create a new BDF file add_sub_2x4.bdf g i i
O add the files you need to the project (e.g. the add4x1.bdf) T sel s0
O enter your design — based on the 4-bit adder (add4x1) i :5 :12 :
O set as top-level-entity a2 53 —
O compile and create a new symbol with the same name a2 sd
S bl 25—
b1 s6 [—
b2 s7T
(b3 c_out T—F
a4 overfow —
T as :
— ab
+—1a7
b4
. . . . — b5
O simulate your design with the prepared add_sub_2x4.vwf file or with N e
your own b7
O check the simulation results st
0ps 10.0ns 20.0ns 30.0ns 40.0ns 50.0ns 60.0ns 70.0ns 80.01
Name Value at v ! ' 0 ' ' 0 '
Ops ps
o e 1
e - oa H70 70 F FF 73 82 02 7E
B b b Ho03 03 FF 03 FF
M a5 HT3 73 82 0z FE 7 7F 03 7F
) 7 Ho A N O
3" s6 H1 —| | l—,—L
g 55 1 1 | I I
oy 4 H1 |
“ 3 HO
3 2 o . 1 [ 1
o3 s H1 L
GUE, 0 H1 | [ L
% cout B0 I |
u overflow B0
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(5) Parallel Binary Adder/Subtractor with 2K-Decoder

Before we will test the adder/subtractor design and show the result via the 7-segment
display, we will design a decoder for 2’complemet results. This decoder will produce

- asign-bit sign that signalises positive and negative numbers
- 0. 7 if the hex input value is 0 .. 7 (positive numbers, sigh = 0) and
- -1..-8 if the hex input value is F .. 8 (negative numbers, sign = 1)

®  Openthe add_sub_2K_test.qpf project
® Based on the 1-bit full adder design and the 2’s complement arithmetic, please create a 8-bit 2’s
complement decoder: EK_ dee BT
O create a new BDF file dec_2K_8bit.bdf '
O add the files you need to the project (e.g. the add1.bdf) xf :’rs
. . x yvir—
O enter your design — based on the 1-bit full adders (addl) S y2 —
O sect as top-level-entity — %3 y3 —
O compile and create a new symbol with the same name — x4 yd _"
— x5 ¥5 —
=5 vE —"
T T VT —"
sign 7
n=ts
O simulate your design with the prepared dec_2K_8bit.vwf file or with your own
O check the simulation results
| ops 160.0 ns 320.0ns 480.0ns 640.0 ns 800.0ns 960.0ns 1.12us 1.28us 1.44us Lbus 1.76us 1.92us 2.08us 2.249us 2.4us 2.56us *
Name BSLIDES: 0 ps ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !
LS x H 00 | A A
in_ %7 HO | L
L X6 HO \ \ | L
n x5 HO
L x4 HO \ | \ | \ \ \ \ | \ | \
L x3 HO
L X2 HO
L X1 HO
L x0 HO
8y oo | A s A
“u y7 HO
out ¥6 HO J I \
u ¥5 HO | \—I \—
T3 y4 HO \ | \ | | | \ | \ |
u y3 HO
o ¥y2 HO _Iu|_||_||_||J|_|L||_|U|_|U|_||_
“w yi HO UUUUUUUUUUUUUUUUUUUUH
u y0 HO
ELY sign B0 | L

®  Finally we can test the whole 8-bit adder/subtractor design with the file
add_sub_2K_test.bdf:
O add the files you need to the project (e.g. the add_sub_8x1.bdf)
O place the symbols add_sub_8x1 and 2K_dec_8bit to the add_sub_2K_test.bdf file
O connect the 1-byte input signals a and b to the two hex-coding switches as well as the 8 slide
switches

O connect the output signals of the adder/subtractor with the 2’s complement decoder
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O for the select signal sel, please use one of the push buttons (to choose either addition or
subtraction), because all of the slide switches are in use
for the 1-byte result use two 7-segment displays

connect the sign-bit sign to the third 7-segment display to display a minus if the result is
negative

connect the carry and overflow flags to two LEDs of the LED bar display
set as top-level-entity

oo

compile and program the result to the board

O O0O0O0

test your design

Questions:

How the Half-adder works?

How look like the half-adder truth table and Boolean function of the half-adder two outputs?
What is Karnaugh Map Methods and how it works?

What is Parallel Binary Subtraction, what logic components include?

What you know about Overflow and Carry bits?
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Lab4 - Modular Combinational Logic

Part: Comparator

® Read the file “Modular Combinational Logic”
®  Complete the truth tables, Karnaugh maps and derive all the equations from this.

Preliminary

®  Select the folder comparator inside the max2work root directory for this task.

(1) 2-bit Comparator

®  Open the comparator_test project (comparator_test.qpf)
®  Design a 2-bit Comparator:

O create a new BDF file comparator_2bit.bdf

O enter your design (it is so simple — so a schematic would be the best solution)
O set as top-level-entity

O compile and create a new symbol with the same name

=t o

#aﬂ 3.-'._;_

— = o
— B0 ¥

e simulate your design with the prepared comparator_2bit.vwf file or with your own

® check the simulation results

Value at
Ops

B 4 a HO
o al  Ho
i a0 HO
B a4 b HO
fm,_ bl HO
o b0 HO
ELY ¥l BO
o yi B1
o y2 BO

()

0 ps 80.0 ns 160.0 ns 240.0ns 320.0 ns 400.0 ns 430.0 ns 560.0 ns 640.0 ns 720.0 ns 800.0 ns 830.0ns 960.0 ns
' ' ' ' ' ' ' ' ' ' ' '
0ps

8-bit Comparator

® Based on the 2-bit comparator and following the comparison technique (shown in section VI.3), please

create an 8-bit comparator:

O create a new BDF file comparator_8bit.bdf
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O enter your design (using the comparator_2bit symbols)
O set as top-level-entity
O compile and create a new symbol with the same name comparator_8bit.bsf

: comparator_&bit

ar s —'-
ad U
b7 vy —'-
b6 i
as
ad
b5
b4
a3
a2
b3
b2
ail
al
b
b0

5

® simulate your design with the prepared comparator_8bit.vwf file or with your own

®  check the simulation results

¥Q
¥yl

y2

b7
b&
bs
b4
b3
b2
b1
bo

Value at
Ops

H oo
H 00
HO
HO
HO
HO
HO
HO
HO
HO
BEO
B1

EO

0ps 20,0 ns 40.0 ns 60.0 ns 80.0ns 100.0 ns 120.0ns 140.0 ns 150.0n *
' v ' ' | \ v
ps

FF

00 b4 47 b4 5

1] 47 Cc5 FF 1] 47 C5 c7 1] 47 C5 FF 1] 47 C5 FF

s

I L L] L
1 1 l—
] ] l_
] ] r

I L L] L

| | | | | | | | | | | |

I L] L L

I L 1

] 1 1 r

1 ]

®  Now test the whole adder design with the file comparator_test.bdf:

O place the symbol comparator_8bit to the comparator_test.bdf file

connect the input a to the hex-coding switches and the input b to the 8 slide switches
connect the three output signals y to three LEDs of the LED bar display

set as top-level-entity

compile and program the result to the board

OO0 O0OO0Oo

test your design

® Close the project

(3) 4-bit iterative comparator




32

®  Open the comparator _iterative test project (comparator_iterative_test.qpf)
e  Design a 1-bit comparator cell:
O create a new BDF file comparator_iterative_cell.bdf
O enter your design
O set as top-level-entity
O compile and create a new symbol with the same name
 comparator_iterative. call
T in_1 out_1
in_fout 0 T
s s
T |b N
B
O simulate your design with the prepared comparator_iterative_cell.vwf file or with your own
O check the simulation results
0 ps 20,0 ns 40,0 ns 60,0 ns 80,0 ns 100.0 ns 120.0 ns 140.0ns  160.0ns
Name Value at ' ' i i | | |
Ops 0 ps
N T |
n ino BO [ | |
n|l a BO
s e oo L L L L 0 LI L
24 out0  BO I L |
G out_1 BO | | | | |
® Now design the boundary cell to determine the result of the MSB comparator cell.
O create a new BDF file comparator_iterative_boundary.bdf
O enter your design
O set as top-level-entity
O compile and create a new symbol with the same name
| comparator_jterative.boundary
i v
pn LU A B e
n=td
O simulate your design with the prepared comparator_iterative_boundary.vwf
O file or with your own
O check the simulation results
0ps 80.0ns 160.0ns 240.0 ns 320.0 ns 400.0ns 480.0 ns 560.0 ns 640.0 ns 720.0ns 800.0 ns 880.0ns 960.0 ns
Name \n'aolussat = ' ' i ' ' ' ' ' ' ' | |
m_ éing BO
n in_0 BO
M ¥0 BO
o y1 B1 _H_H_H_H_H_H_H_H_
LIS y2 BO |_| I_l I_l I_l I_l I_l

Based on these components create an 4-bit iterative comparator:

0}

create a new BDF file comparator _iterative_4bit.bdf
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O enter your design (using the 1-bit comparator and boundary cells)
O set as top-level-entity
O compile and create a new symbol with the same name

S
| bo vi
— a i ————

'i_tﬂ

it
S P

O simulate your design with the prepared comparator_iterative_4bit.vwf file or with your own
O check the simulation results

s

VFEEE

s

e F ¥ EE

2
Qs

MName

aia

4 b

yo
y1

y2

a2
al

al

b3
b2
b1

bo

Value at
Ops

HO
HO
HO
HO
HO
HO
HO
HO
HO
HO
BO
B1

BO

PO

0ps 160.0 ns 320.0ns 4380.0 ns 640.0 ns 800.0 ns 960.0ns 1.12us 1.28us 1.44us 1.6us 1.76us 1.92us 2.08us 2.29us 2.4us 2.56us
' ' ' i f ' b ' f \ ' f f ' i
ps

r..n..n. M r e e e ey

Now test the whole adder design with the file comparator_iterative_test.bdf:
O place the symbol comparator_iterative_4bit to the
comparator_iterative_test.bdf file
connect the input a to the hex-coding switch 0 and the input b to the hex- coding switch 1
connect the three output signals y to three LEDs of the LED bar display
set as top-level-entity
compile and program the result to the board

OO0 O0OO0Oo

test your design

Questions:
What is comparator and how it is works?
What kinds of comparator were created?
How is work 1-bit Comparator? To draw truth table, and write Boolean function?
What components the 8-bit comparator includes?
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Lab5 - Modular Combinational Logic
Part: ALU

® Read the file “Modular Combinational Logic”
e  Complete the truth tables, Karnaugh maps and derive all the equations from this.

Preliminary

e  Select the folder alu inside the max2work root directory for this task.
®  Open the project alu_test.qpf

We will develop the whole 4-bit ALU design in a hierarchical, top-down fashion. For the 1- bit ALU slice we
have to develop the logic unit (LU), the arithmetic unit (AU) and the flag generator as separate modules.
Finally we have to cascade 4 of the 1-bit ALU slices to create our 4-bit ALU.

(1) LU - Logic Unit

e Design a 1-bit logic unit based on single primitive logic and a multiplexer:

(0]

o
o
o

create a new BDF file lu.bdf

enter your design (you can use the mux4x1 from ip_cores)
set as top-level-entity

compile and create a new symbol with the same name lu.bsf

simulate your design with the prepared lu.vwf file or with your own
check the simulation results

5

o s0 BO
o a BO
m_ b B0
ECS y BO

Value at

0 ps 20.0ns 40.0ns 80.0ns 80.0ns 100.0 ns 120.0 ns 140.0 ns 160.0ns *
i i i i \ \ \
0ps

e Design a 1-bit logic unit based on a two-level gate logic as an alternative design:

0}
o
0}
0}

create a new BDF file lu_kv.bdf (KV for a Karnaugh-Veitch map based design)
enter your design

set as top-level-entity

compile and create a new symbol with the same name



O simulate your design with the prepared lu_kv.vwf file or with your own
O check the simulation results

0 ps 80.0ns 160.0 ns 240.0ns 320.0ns 400.0 ns 480.0 ns 560.0ns 540.0 ns 720.0ns 800.0ns 880.0 ns 960.0 ns
Name value at ' ' ' i f ' ' ' \ ' ' |
Ops |9Ops

n_ st BO \

S -L:JS | ) I O O O
o a BO

B b BO

M.y BO

For further designs you can choose one of these two designs.

(2) ALU — Arithmetic Unit

®  Design the circuit B-GEN that will generate the bf input for the full-adder according the selection bits s1
and sO:
O create a new BDF file b_gen.bdf i :

b_gen
O enter your design 5 .
O set as top-level-entity L bf [
O compile and create a new symbol with the same name : 2; ;
nst
O simulate your design with the prepared b_gen.vwf file or with your own
O check the simulation results
Name \"aéussat DU;: IU.IEI ns ZUIEI ns BU.IEIns 4UFI ns EU.IEI ns SU.IElnS ?'U.P ns 80.0ns *
5 b ‘
in,_ :50 B0 | ‘ |
L b B0 [ e O A A A
W bf BO |
®  Design a 1-bit arithmetic unit:
O based on the b_gen and the add1 circuits create a new BDF file au.bdf
O enter your design (add the files you need to the project: add1, ha)
O setastop-level-entity
O compile and create a new symbol with the same name a
—cin i
—|a c_out
O simulate your design with the prepared au.vwf file or with your own — &
O check the simulation results : 2;
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¥ FFEE e

MName

BO

50 B0

c_in BO
a B0
b BO
¥ BO

_out BO

Ops ps

Ops 40.0 ns 80.0ns 120.0 ns 160.0 ns 200.0 ns 240.0 ns 280.0ns
Value at ' ' ' ' ' i |

320.0ms *

(3) 1-bit ALU slice

Design
(0]

an 1-bit ALU slice:
create a new BDF file alul.bdf, based on the lu and the au circuits as well as a

2-to-1 multiplexer circuit _. ............................... :

enter your design
set as top-level-entity

—a
—b
— 51
— =0
simulate your design with the prepared alul.vwf file or with your own — 52

compile and create a new symbol with the same name

check the simulation results

—cinc_out —

Y I

LHAahalhalbalbdiha

o 1o
(9=

MName

52

51

50

c_out

0 ps 80.0ns 160.0 ns 240.0 ns 320.0ns 400.0ns 480.0ns
Value at i ' ' ' ' '

Ops 0ps

560.0 ns 640.0ns *
\

BO |

B0 | | |

80 L e ke T e T

B0 | \ | | | | | | | | | |

80 e e e e e e e e e e e
50 Uy ey L
80 e sy e ey e e L
80 - nr-ennres e e nre e e e

(4) 4-bit ALU

Now we are ready to design the whole 4-bit ALU.

Design
(0]
(0]

a4-bit ALU:

create a new BDF file alu4x1.bdf, based on the alul circuits

don’t forget to connect the LSB carry-input c-1 with the selection-code signal

s0 to generate the initial carry-inpnt

. aludx i
enter your design
set as top-level-entity - 2; 5‘5
. . ] ¥

compile and create a new symbol with the same name e 2
—{al c_out
— b0 y3
—1al
— b
a2

simulate your design with the prepared aludx1.vwf file or with your own |-

check the simulation results a3
— b3
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(5) Flag Generator

® Design a flag generator circuit that determines C, O, Z and S conditions:
O create a new BDF file flag_gen.bdf I
O enter your design ; flag_gen
O set as top-level-entity —cout ©1—
O compile and create a new symbol with the same name i 5
T2 Zr
v o
v :
— a3
O simulate your design with the prepared flag_gen.vwf file — b3
or with your own ! inst
O check the simulation results
talue al 0ps ED.FI ns IED‘.D ns 24D.‘D ns SZD.ID ns 4EIIJ.‘EI ns 4BEI.IEI ns SSD.‘D ns 64D.IIJ ns FZEI.‘EI ns SIJEI.IIJ ns EED.‘D ns QSD.IIJ ns
Name Ops s
i§ \f HO ] 1 2 3 4 5 6 7 8 9 A B C
i“} c_out -]
n_ a3 BO
b S nnnpnnnnnnnpnnnnnhnnnnnnipniEEnnEhiginnhpniinhiini
o z B1
o g BO |
e 0 BO
e C BO
®  Now test the whole alu and flag design with the file alu_test.bdf:
O place the symbols alu4xl and flag_gen to the alu_test.bdf file
O connect the flag generator to the 4-bit ALU module
O connect the inputs a and b to the two hex-coding switches and the selection code signals s to three
of the 8 slide switches to select the different operations
O connect the output signals y to one of the 7-segment displays
O connect the four flag outputs to four LEDs of the LED bar display
O set as top-level-entity
O compile and program the result to the board
O test your design
® Close the project

(6) 4-bit ALU designin VHDL
®  Open the alu_vhdl_test project (alu_vhdl_test.qpf)
Design the same 4-bit ALU functionality using VHDL specification:
O open the VHDL file alu_vhdl.vhd
O enter your design
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-- 4-bit Arithmetic Logic Unit

—-- Capable of implementing 4 arithmetic and 4 logic functions
-- Input : operands a and b, selection code s

—= Dutput: result y

LIBRARY ieee;

USE ieee.std_logic_1164.ALL;
USE ieee.std_logic_signed.ALL;
USE ieee.std_logic_arith.ALL;

ENTITY alu_uhdl IS

PORT(
a : IN STD_LOGIC_VEGTOR(3 downto 8);
s : IN STD_LOGIC_UECTOR{2 downto 8);
b : IN STD_LOGIC_VEGTOR(3 downto 8);
y : DUT STD_LOGIC_UECTOR({3 downto 8);
CFlag,0Flag,2Flag,SFlag =  OUT STD_LOGIC);

END alu_vuhdl;
ARCHITECTURE arch OF alu_vhdl IS

INSERT YOUR CODE HERE

EHD arch;

O set as top-level-entity

O compile and create a new symbol with the same name ZFizg |—

SFlag —

O simulate your design with the prepared alu_vhdl.vwf file or with your own
O check the simulation results

®  Now test the whole ALU design with the file alu_vhdl_test.bdf:
O place the symbols alu_vhdl to the alu_vhdl_test.bdf file
O connect the inputs a and b to the two hex-coding switches and the selection code signals s to three
of the 8 slide switches to select the different operations

O connect the output signals y to one of the 7-segment displays
O connect the four flag outputs to four LEDs of the LED bar display
O set as top-level-entity
O compile and program the result to the board
O test your design
Questions:

1. What is ALU, where it is used?

2. To draw ALU inputs and outputs.

3. What is flag register in ALU and what the each kind of the flags means?
4. What modules include the ALU? To tell about each of them.
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