Digital design [aboratory 6




Preparations

e Launch the ISE Design Suite

ISE Design
Suite 14.6

" ISE Project Navigator {P.68d) - C:\Documents and Settings®,
| File Edit Yiew Project Source Process Tools  Window  Lay

* Create new project:

. . J_| Mew Project. ., b4 | 5 | ¥ JJ T
File -> New Project... 8 .. —— =
L Cpen Example. .. Simulation 20
Project Browser, .. ll S 1
":EI Copy Project. .. 22
H Close Project g 23
- 24
n f 25
o Few Ckr|4+M
- g Fov) 2 26




Preparations

* Name: DiglLab6
* Location: D:\DiglLab6

* Working directory:
D:\DiglLab6

* Press Next

™ New Project Wizard

Create New Project
Specify project location and tvpe.

—Enter a name, locations, and comment For the project

Mame: I DigLabé

Location: I D:\DigLaba

Wiorking Directarsy: ID:'I,DigLaI::E.

e

Descripkion:

—Select the type of top-level source for the project

Top-level source type:

[HDL

=

tore Info |

Mext = I

Zancel




Preparations

* Check FPGA settings
* If OK, press Next
* Then press Finish

Project Settings

Specify device and project properties,

™ New Project Wizard

—3elect the device and design flow For the project

Property Mame Walue
Evaluation Development Board Mone Specified LI
Produck Cakeqaory all ;l
Farnily Spartan3E LI
Device HCAS2Z50E |
Package TO144 |
Speed -4 |
Top-Level Source Type HOL ;I
Synthesis Tool #3T (WHOL verilog) LI
Simulator I5im (YHOL Merilog) |
Preferred Language Werilog LI
Property Specification in Project File Store all values LI
Manual Compile Order —
YHOL Source Analysis Standard YHDL-93 |
Enable Message Filtering —

MDLIHFDI < Back Mexk = Cancel




Add module to the project

* In the top left corner,
right click on the project
(DiglLab6)

* Select New Source...

ISE Project Navigator {P.68d) - C:'\Documents and Settings' Administrak

File Edit Y%iew Project Source Process Tools Window  Lavout Help

“D:EH{H| : J_|m;, B X|EJG‘| »

I.2 -85

Design —+ [ 5 x

L||;i§ﬁ|i|§m|@@|:|

view: & J8F Implementation ¢ Ff simulation

& Diglabs
£ wc3s2S0e-4tqldd

Empty Yie [5| Add Source...
Ej‘-'i'| add Copy of Source. ..

The wigw currently con
files, You can add files
project using the toolb.
commands Fram the Pro
and by using the Desig
Libraries panels,

Manual Compile Order

P Implement Top Module

File/Path Display 3

=g
Expand All

#Mew Source: T

new source File

* Add Source: To m Find. .. Chrl+F
existing file to
* add Copy of 5 Design Properties. .,

copy an exiski
praojeck direckary and add it LI

Collapse &ll

3 Mo Processes Running



Add module to the project

 Select Verilog module Select Source Type

Select source bvpe, File name and its location.

o N a m e : TO p m O d u I e 4 P (CORE Generatar & Architecture Wizard)

4] Schematic

2] User Document
Yerilag Madule

] Werilog Test Fixture
'] WHOL Madule

[T wHOL Library

* Press Next button

File name:

[P WHOL Package IT:::pmu:uduIe
iy WHOL Test Bench

Location:
Embedded Processor acakion

| D:1pigLabs

v add ko project

Mare Info | Mext =

Zancel




Add module to the project

4 inputs: clk, rst, bt, sw

e 1 output: Id

* bt, sw and Id: bus!
* Set the MSB values!
* Press Next

* Then press Finish

x
Define Module
Specify ports Far module,
Module name | Topmodule
Part Name Direckion Bus MSE LSE ;I
clk. input ~|d
rst inpuk ;I ]
bt input ~| 3
S impLt | 7
Id oukpuk | 7|
input |
input ~|Od
input ~|d
input ;l ]
inpuk ~|Od
input ;I ]
inpuk ;I ] ;I
More Info | < Back, | Mexk = Cancel |




Task 1: Full adder implementation

 Add another module to the project using the previous steps.

* Right click on DigLab6 in the top left corner, then select New Source...
* Verilog module, File Name: Full_Adder

* Press Next



Task 1: Full adder implementation

* Outputs: s, co
* Press Next
e Press Finish

+ Inputs: a, b, ci x
* V4 V4
Define Module
Specify ports For module,
Maodule name | Full_Adder
Part MName Direction Bus MSE LSE ;I
a input ~|Od
b input >
i input =10
5 oukput |0
o O
input >
input >
imput |0
input ~|Od
input ~|O
input >
imput |0 lI
Mare Info | < Back. | Mext = Cancel |




Task 1: Full adder implementation

1 “timescale lns S lps

L N RN NN NN
. 3 /) Company:
* You should see this: | 2 // soineer
& /¢ Create Date: 0z:24:37 10/11/2018
=2 /) Design Name:
g // Module Name: Full Adder
g // Project Name:
10 /¢ Target Devices:
11 /4 Tool wersiona:
12 // Description:

13 //
14 // Dependencies:
15 //

16 [/ Revision:

17 /4 Rewvision 0.01 - File Created

15 /¢ bhdditional Cowments:

ia S/

20 SASASASE SSRGS R AR A AR
21 twwodule Full Aidder|

22 input a,
23 input b,
24 input oi,
25 output =,
26 output oo
27 )i

28

2o |

30 endmodule




Task 1: Full adder implementation

e Reminder: fu

| adder truth table and equations

Outputs co =a’bc +ab’c +abe’ + abe
co — a’be +abe +ab’c +abe +abe’ +abc

Inputs
a b ci o S
O O O 0 0
O 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0O O 0 1
1 o 1 1 0
1 1 0 1 0
1 1 1 1 1

co = (a’+a)bc + (b’+b)ac + (¢’+c¢)ab
co=bc +ac+ab

s=a’b’c+a’bc’+ab’c’ + abc
s=a’(b’c+bc’) +a(b’c’+ bc)
s=a’(b xor ¢)’ + a(b xor ¢)

s =a Xor b xor ¢



Task 1: Full adder implementation

* Implement the above equations in Verilog.

* None of the outputs are registers, so their values have to be set by
the assign statement.

z0 SSAASSSASRAN A
21 module Full Adder |

2o input a,

3 input I,

>4 input ci,

5 output =,

25 output oo

27 1:

o =

20 assign co = h&cl | askcli | acgh:
a0 Af HOR operator: *
31 assign 8 = a*b*ci;
Ja

33 endmodule
34



Task 1: Full adder simulation

 First of all: Press Save All button

e Switch to Simulation mode

"B ISE Project Navigator (P.68d) - C:',Documents and

Design

File Edit e Project  Source Process Tools
02 ‘; I'a [
S

f'{|ﬂ u”-"|

+08 x

[ | View: {5 Implementation ¢ FE Simulation

"B ISE Project Navigator (P.68d) - C:\Documents and Settings' Administrator’,D
File Edit Wew Project Source Process Tools Window  Lawouk  Help

IaEa| -l

ﬁ-;_|.:j C.|I| »

JJ T O W - R
¥ S

Design

0] | Yiew: i ﬁi} Implermentatif

F I=1

EEl Behavioral

HEJ Hierarchy
—| - 15| DigLabs

1
2
3
4
5
f

"timescale
AP AAEES
/f Company
4 Enginee
A

ff Create

h

1w



Task 1: Full adder simulation

"™ ISE Project Navigator (P.68d) - C:Documents and Settings' Administrator’d

o Ri ht CliCk On Di I_a b6 File Edit Wiew Project Source Process Tools Window Lawout  Help
)

IOD2Ea .|l & X oo =0 080X
select New Source ~D8x —
B Yiew: ﬁl} Implementation {+ Simulation b z SAAAAAA
 Select Verilog Test Fixture g [peharrs Eil B oo
nginee
HEJ Hietarchy: - : Y 4
. = ................................................................. - S
* File Name: Full Adder TF | B £ xc3s250e-atq1ed B tew Seuree Design
— — = > Full_adder {Full_add: E[EJ Add Source. .. Module
i Toprmodule {Topmodu HI:J add Copy of Source... Froject
o P N - Target
re S S EXt . Marnual Campile Crder Tool we
Descrig
C— FilefPath Display b
- Depende
Expand All
Collapse Al Eevi=ir
RBewvi=sic
(MY Find... Chrl+F | hdditic
Design Properties. .. FLEESEE
1 module Fu!
22 input




Task 1: Full adder simulation

* On the next screen, select the Full _Adder module

* If selected, press Next
* Then press Finish

B New Source Wizard

Associate Source
Select a source with which to associate the new source,

Tupfhudule

Mare Info |

< Back

Mexk =

Zancel




Task 1: Full adder simulation

* Now we are going to test the Full _Adder for every possible input
combination

* A possible way is to type in all combinations:

e #100 a=1"b0; b=1"b0; ci=1"b0;
#100 a=1'b0; b=1"b0; ci=1"b1;

* This would be quite annoying. Instead, we are going to use a for loop



Task 1: Full adder simulation

* Add an integer i variable to the Test Fixture file ABOVE the initial
begin part:

35 /7 Instantiste the Unit Under Test [(UUT)
37 Full idder uut |

38 -ala),

39 bk,

40 -cifci),

4] -2 (3],

42 Lo (C0)

43 1:

g4

;

46

47 initial bhegin

45 // Initialize Inputs
49 a = 0;

50 b = 0;

51 ol = 0;



Task 1: Full adder simulation

* Add the for loop after the Add stimulus here part:

45 integer i

46

47 initial hegin

45 /¢ Initialize Inputs
49 a = 0;

50 b = 0;

=N i o= 0;

S2

53 J4 WMait 100 n= for global reset to f£inish
54 #100;

55

56 // Add stimulus here
57 for [(i=0; i<g; i=i+1)
L= begin

=] ia,b,cir=1i;

a0 g100;

Bl end

B2

&3 end

B4

g5 endmodule

L, E=



Task 1: Full adder simulation

* Press the Save All button

* The {a,b,ci} concatenates the three 1-bit variables (a, b and ci) into
one 3-bit variable.

* The i variable is a 32-bit integer. The {a,b,ci}=i; command copies the
last 3 bits of the i variable into the concatenated {a,b,ci}.

* In other words: in every iteration of the for loop, the value of a is set
to the value of the third bit of i, the value of b is set to the value of
the second bit of i, and finally the value of ci is set to the first bit of i:

* a=i[2], b=i[1], ci=i[0].



Task 1: Full adder simulation

* Check if every modification is saved
* If so, select the test fixture file (left click on it):

k=]

— > '-LE"'] DigLabi& 25 wodule Full idder 1
to | B £F xc3s2Sle-dtqlad 25

= B+ iFull_Adder_TF (Ful_Adder_TF.w a7 S Inpucs

Q; L[] Topmodule (Topmodule,w) S o0 req &

A = reg kb

. e a0 reg ci:

* Then press the plus button on the left of the ISim Simulator on the
middle-left part of the screen =

| #2 MNoProcesses Running

r es: Ful_adder_TF
[+}- I5im Simulakor

A



Task 1: Full adder simulation

* Then run (by double left click) Simulate Behavioral Model

#J Ma Processes Running 43 ]
44

F'.r sssssss i Full_Adder_TF 45 i

=3 1Sim Simulator 46

SEPIEE

> f2  Behavioral Check Syntax 47 i
ﬂ {Simulate Behavioral Model a5

49

=10

51

* The simulator application launches



* Press the Zoom to full view button:

e Right click on i[31:0],
select Radix ->
Unsigned decimal

1 Copy Chrl4+C

Celete Cel
4

Rename

{¥y Find... Ctrl+F
Select Al ChrlH-A
Expand

& v Defaul
Signal Colar * Binary

Hexadecimal
Reverse Bit Order Unsigned Decimal

j,-| @0 To Source Code Hmizd el



Task 1: Full adder simulation

* Verify the correct behavior of the full adder module (s and co).
* Also, check the connection between a, b, ci and the bits of i.

* When you have finished, close the simulator. A popup window will
appear asking whether save the changes or not. Select No.



Task 1: Full adder implementation

* Now you are going to implement a 4 bit adder in the Topmodule.
* Switch back to implementation mode:

Design «08x L
;I Yigll {+ ﬁi}lmplementatinn ] @Simulatinn ) 24
o T — 25 module Full Adder TF
ﬂ ierarc o

A - 5] DigLabé . 27 // Inputs

L T TP

* Select Topmodule.v

| -l pigtabs “ 27 /{ Inputs
—— | = £ #c3s250e-4tgl4d 25 reqg a:

A Full_Adder (Full_Adder.v) 29 reqg b:

e ’ 3 30 reg ci:

Q; —_— 31

A 332 Jf Dutputs




Task 1: Full adder implementation

* In this implementation, we are going to add two 4-bit numbers using
the 1-bit full adder modules.

* The values of the four bit inputs (A and B) will be set on the switches.
* The result will be displayed on the leds (in a binary form).
* Add the following wires to the Topmodule:

20 SASASTSAAA SRS RE
21 module Topmodule(

22 input clk,

23 input rst,

24 input [3:0] bt,
z5 input [7:0] =sw,
Z6 output [V:0] 1ld
27 1z

28

29

30

31

32

33

34 endmoduls
3



Task 1: Full adder implementation

* Now we are going to connect the A, B and S variables to the switches
and the leds:

21 module Topmodule |

22 input clk,

23 input rst,

24 input [3:0] bt,

25 input [7:0] sw,

26 output [7:0] 1ld

27 ):

28

29 wire [3:0] A, B, 3; // 3 = L + B;

30 wire [4:0] C; // C: carry

31

32 assign 4 sw[3:0]: // first operand
33 assign B sw[7:4); // second operand
34 assign 1ld[3:0] =

35 assign 1ld[4] = C[4); // Carry out of the last full adder
36 assign 1ld[7:5] = 3'dD; // Unused bits
37

38

39 endmodule
40



Task 1: Full adder implementation

* Note: you can set the value of Id with 1 command using
concatenation {}:

J1

32 assign A = sw[3:0]; // first operand

313 a=2ign B = sw[7:4]: /) =econd operand

54 Jiassign 1dA[3:0] = 3:

I 5 dfassign 1d[4] = C[4]: /F Carrvy out of the last full adder

16 Slasaign 1d[7:5] = 3'do; // Unused bhits

37

I8 a==ign 1d = {3'd0, C[4], Z}: /) Concatenation
L]

39

41



Task 1: Full adder implementation

* The next step is the instantiation of the full adder modules:
* Don’t forget to set the first carry in input (C[0]) to O.

J1

g asgign L = sw[3:0]: // first operand

T3 assign B = sw[7:4]; // second operand

34 dlassign 1d[3:0] = 5:

5 dfassign 1d4[4] = C[4]: // Carry out of the last full adder

16 dlassign 1d[7:5] = 3'dOo; f/ Unused hits

37

I8 assign 1d = {3'4d0, C[4], 3y /S Concatenation

39

40 assign C[0] = 1'b0O; // Setting the first carry in to constant O

41 Full Adder FO{.a(A[0]), .b(B[O]), .ci(C[O]), .=(3[01), .coiC[1])):
47 Full idder Fil{.a{A[1]), .b(B[1]), .ci{C[11), .S(S[11), .col(C[2]1)):
473 Full Adder Fz(.a(k[2]), .b(B[2]), .ci(C[2]), .=(3[2]), .co(C[31)):
g4 Full idder F3(.a(A[3]), .BI(E[3]), .ci(C[3]), .3(5[3]), .colC[4]));
45

46

47

45 endmodule
Faa]



Task 1: Full adder implementation

* Before generating the programming file, you have to add the .UCF file
to the project.

e Download it from this link.

* Unzip it into your working directory.

* Your working directory appears in the title bar of the project
navigator.

° EX am p | e " ISE Project Mavigator {P.68d) - C:\Documents and Settinas' Administrator' Desktoo'. DiaLab5. DigLab5.xise - [Topmodule.¥]
’ File Edit Mew Project Source Process Tools  Window  Lawout | Help

IDFEHP| L)l a DR X | wa| =228 XK '§]||:JJT=;T.'-JJJ5'P¢?JJH*E
Design 08 X = 1 “timescale 1ns / 1ps

5] Wiew: (# Eﬂ}lmplementatinnf" Simulatinn = 2 SAASASEASES SRS AR

- L R TP e e L



http://logsys.mit.bme.hu/sites/default/files/page/2009/09/SP3E_UCF.zip

Task 1: Full adder implementation

e Save All changes
* Right click on the project and select Add Copy of Source...

"™ JSE Project Navigator {P.68d) - C:Documents and Settings', Administrator’Desktop’,
File Edit “iew Project Source Process Tools  Window  Layout  Help

INDSE&| - |l & £ X

ﬂhﬂ|}}“__;::f‘:'§]||:

Liesign +08x = // Design Hame:
[ | View: v I!':& Implermentation Sirnulakion - g // Module MName:
Hi H — o /7 Project Nate:
:|erar|: i 10 // Target Dewvice
| - e i1 // Tool wversions
S - £l x|:35! L =0 SEUEE. 12 // Description:
£H [t ﬁ E[EJ &dd Source. .. 13 /S
| HIEJ #dd Copy of Source. ., |= 1: :::: Dependencies:
Manual Compile Order A 1 A/ Rev?s ?n:un :

- o 17 /f/ Revision 0.01
_ = Implement Top Madule % 18 // Additional Cc
- 19 A/

- File/Path Display (O 20 AAASASAAAAR AN

— 21 module Topmodule
Expand all O 22 input olk,
Collapse All S 23 input rst,
24 input [3:0]
{4y Find... Chrl+F 25 input [7:0]
26 output [7:0]
Design Properties. .. 27 Iz
2a




Task 1: Full adder implementation

* Select the .ucf file, then press Open

ﬁ _nigo

b ] _XmMsgs

ky Recent ipcore_dir

Documents iseconfig
isirn

Desktop

¥Inx_auto_0_xdb

L

ky Documentz

Wi
-

by Computer

.

-

EI Topmodule_pad
Toprmodule_TF.v

by Metwark File name: LOGSYS_SP3E

[

Open

Files af bupe: sources] "kt S vhd S vhdl v Th Cvh Ckea ".scj

Cancel




Task 1: Full adder implementation

* The following window appears. Press OK.
x

The following allows wou to see the status of the source files being added to the project, It
also allows wou bo specify the Design Wiew association, and For YHOL sources the library, For
sources which are successfully added to the project,

File Mame Association Library
1| LoGSYS_SP3E uck {Implementation ¥ | [work [

Adding files to project: |IIIIIIIIIIIIIIIIIIIIIIIIII 1 af 1 Files {0 errors)

(0] 4 Cancel | Help

&




Task 1: Full adder implementation

* Open the ucf file in the editor
 Uncomment the following lines: clk, rst, bt, sw, |d
* Then Save All -

14 MNET "r=t™ Lo = "p119™ | PULLDOWI;
15

16 # 4 darab aktiv magss nyomdgomb, balrdl jobbra szdmosva
17 MNET "hro<iz" Loz = "plz';

1§ MNET "ht<ziz" Loz = "pzgr;

ig MNET "ht-<lx" L = "P3a";

z0 MNET "ho<os'™ L = "pP38";

21

zz # 8 kapcsold, balrdl jobbra szamozwva
23 MNET "swd7='" Lz = "p4yr:

24 MNET "swio='" Lo = "p4gt:

25 MNET "sw<S5=" Lo = "Rpaot:

26 MNET "swod='" Lo = "RpIEY:

27 MNET "swiz" LoZ = "RE4r:

zg MNET "swi='" Loz = "p3or;

29 MNET "zw<l=" Loz = "posty

30 MNET "sw<lx'" Lo = "plol™;

31

3z # & LED, balrdl jokbra szamosva

33 MNET "la<7=" Lz = "p4s5t:

34 MNET "ld<o='" Lz = "psO":

35 MNET "lc<&5='" Lz = "p51v;

35 NET "lcd<4='" Lo = "RS:EU:

37 MNET "ld<i=" Lo = "REEM:

38 NET "ld<z=" Lo = "p54U:

39 MNET "ld<l=" Loz = "pEET;

40 MNET "ld<o='™ Lz = "psor:

41



Task 1: Full adder implementation

. HIE| - \g] Diglabé w i1 /¢ Tool wersions:
* Select the Topmodule.v file —|° 2y 12 // veseription:
1Y EE i
— > v | FO - Ful_adder (Full_adder.w) " 11 // Dependencies:
& V] FL-Fulladder (Ful_addersy | ye 4y

o [w] F2 - Full_adder (Full_adder.) A e /F Rewimian:

e Under Pocesses: Topmodule (middle-left of the screen), run Generate
Programming File

* You will see warnings, that’s because we did not use every input. Its
not a problem.

* If generated successfully, you can upload the .bit file, and try the 4 bit
adder.



Task | — Generate programming file

* If the program file was generated
successfully, you can connect the FPGA
board to the PC

* Mind the orientation of the JTAG
connector!




Task | — Generate programming file

* Launch the Logsys GUI application

* Press the +5V button to turn the board on

Power
Yoltage Current
_I Macimurm Yalue: i
[ ]Logta file...
Measurement

+EYauk: u Mairurn Walue: (500 5 mi
Ijcref: w Critical Yalue: |90 [2|es
ITaGref: 'u' Samples/Second: 10 =



Task | — Generate programming file

* On the right side of the screen, select JTAG download:

Loz o

Info Configur ation

LOESYS development cable 1TAG Download
([ Tgetel

* Press the ,,Query JTAG chain” button

JTAG .. .
Devices in the JTAG chain:

Cuerny JTAG chain HCISZE0E [iline) e

Clear Log

* Then press ,,Configure the Selected Device”

Devices in the JTAG chain:
WCASZR0E [ilire) ~ | Configure the selected device. . |




Task | — Generate programming file

* Browse the generated file in your working directory

* Press Open

* The circuit needs a system clock input and a reset input
* First set the value of the clock frequency to 1000

* Press the Set button

LOC2a o x
. . Info Configuration
* Click into the CLK checkbox LOGSYS develpnert 5. 1145 Do
Conkrol Zommmun ication
* Note: on Windows 10 the tick might Cessngiio
. . @ [JUaRT
not appear, but it should be fine g Juser

* You can reset the circuit by pressing the
RST checkbox



Task 2: Multifunction register

* We are going to implement a register with the following functionality:
 Shift to the left, shift to the right, load, set

e bt[0]: shift to the left

* bt[1]: shift to the right

* bt[2]: load content from switches

* bt[3]: set every bitto 1

* If no button is pressed, just maintain the present value

* The clear operation is done by the reset input



Task 2: Multifunction register

* Go back to the ISE Project Navigator, select Topmodule.v

 Comment of delete the previously added lines, except for the module
declaration and endmodule

21 module Topmodule |

2z input clk,

23 input rst,

z24 input [3:0] bt,
25 input [7:0] =w,
26 output [7:0] 1d
a7 )

25

29 // wire [3:01 &, B, 5; // 5 = L + B;

a0 /4 wire [4:0] C; S/ C@ carry, ¥ = L + E;

31 /S

3z // assign L = sw[3:0]; // first operand

33 // assign B = sw[7:4]; // second operand

34 // assign ld[3:0] = S

35 /4 assign 1ld[4] = <[4]: // Carry out of the last full adder
3 // assign 1d4[7:5] = 3'd0; // Unused bits

37
38 /¢ assign 1d = {3'd0, C[4], S; // Concatenation
39/

40 4/ assign C[0] = 1'b0; // Setting the first carry in to conﬁtant u]
41 // Full idder FO{.a(L[0]}, .b{B[O]}, .ci(C[01}, .={3[0]), .co(C[il]}:
4z // Full ddder Fi{.a(L[1]}, .b{B[1]}, .ci(C[1]l}, .s{3[1]), .co(C[21)}:
45 S/ Full Adder Fz{.a{i[2]1), .bI(E[2]), .ci{C[21), .=i(3[2]1), .col(C[31));:
44 S/ Full Adder F3{.a(A[31), .bI(E[3]), .ci(C[31), .=0(5[31), .col(C[41)):
45

46

47 endmodule




Task 2: Multifunction register

* Add the following register variables: rey [7:0] state, next_state:
* Implement the state register:

G PUMLL RAUEL Fa LS LALS] ), HIDLa] ), SLLLwLE] ),

44 // Full idder F3(.a(A[3]), .bI(B[3]), .ci(C[3]),

45

46 reg [V:0] state, next state;
47

45 always [ [(posedge clk)

49 if [r=t) =state = &'d0;

c0 Else state = next state;

Sl

gz endmodule
53



Task 2: Multifunction register

* Next we implement the next_state logic.

e Add an always (*) block to the code with begin and end

15
16
17
15
19
20
21
Ja
23
24
35

=<

reg [7:0] state, next state;

always [ [(posedge colk)
if (rst) state = &§'d0;
else state = next state;




Task 2: Multifunction register

* Add the following skeleton code to cover each case

45

45 reg [Y:0] state, next state;

37

a5 alwayzs [ (posedge clk)

40 if [(r=st) state = 5'd0;

50 else state = next state:

ol

52 always B (*)

53 begin

54 if (bt[0]) // shift to the left

oo else if (bt[1]) // shift to the right
55 glze if (bt[2]) /) load content

57 glzse if (bt[3]) /) =et every hit to 1
55 glse // maintain valuﬁ

L=

G0

g1 endmodule




Task 2: Multifunction

* Implement the functionality
by adding the following lines
to the skeleton:

register

always @ (*)
begin
if (bt[0]) // shift to the left
next state <= {state[6:0], 1'b0}:

else 1f (bt[l]) // shift to the right

next state <= {1'b0, state [7:1]};

else 1f (bt[2]) // load content
next state <= sw;

else 1f (bt[3]) // set every bit to 1
next state <= 8'dZ255;

else // malntain wvalue
next state <= state;

end

* Notice that bt[0] has priority over the other buttons, bt[1] has priority
over bt[2] and bt[3], and bt[2] has priority over bt[3].

* So the priorities (in descending order): bt[0], bt[1], bt[2], bt[3].



Task 2: Multifunction register

* Don’t forget to connect the state register to the leds:

always @ (*)
begin
if (bt[0]y // shift to the left
next state <= {state[7:1], 1'b0O};
else 1f (bt[l]) // shift to the right
next state <= {1'b0, statel[c:0]};
elze 1f (bt[2]) // load content
next state <= sw;
else 1f (bt[3]) // set every bit to 1
next state «<= 87dib5;
elze // maintain value
next state <= state;
end

assign 1d = =tate;



Task 2: Multifunction register

e Save all changes, and generate the programming file.
* Download it to the FPGA.

* Check functionality:
e Add clock (5 Hz)
* Reset
Load a value
Shift to the left/right
Set every bitto 1
Reset again
Etc.



Task 3: Multifunction register

* Try to modify the code on your own:

* Instead of simply shifting to the left and to the right, rotate the value
of the state register in both directions.

 When no button is pressed, invert every bit of the register content
instead of maintaining its value.



