Lab 7: Implementation of Digital Stop Watch on Altera DE1 Board

Objective:

* To implement Digital Stop Watch design on Altera DE1 board

Open Stop Watch Project - stopwatch

1. Open counter0to9 circuit and include a clr pin as shown in Figure 7.1.

Figure 7.1 counter0to9 circuit with clr pin

Input pin name: clk and clr

Output pins names: g3, g2, q1 and g0
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Create a new symbol for counter0to9 as shown in Figure 7.2. Overwrite the old symbol.

Libraries:

El & Project
+EF counterloS

@l counter(od
S decoderdtos
+E decodertod
LI |pm_counter

22 /Toolsfdlerayd1 Aquartuz/librg

1| | >

MHame:

||:|:uunterD|:|E| J

[+ BEepeat-inzert mode

[T Inzert symbol as block
21} Laureh Megawizand Elia

Megawizard Plug-ln Manager... |

ak LCancel |

Symbol E

lcourterdod |
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Figure 7.2 counter0Oto9 symbol with clr
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3. Open counter0to5 circuit and include a clr pin as shown in Figure 7.3.

" PuUTHIT — — : ____ gRF="= =i == r

e e e e e

Figure 7.3 counter0to5 circuit with clr pin

Input pin name: clk and clr

Output pins names: g2, g1 and q0
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4. Create a new symbol for counter0Oto5 as shown in Figure 7.4. Overwrite the old symbol.

s

Libraries:
= & Project
Al counter(o5
£} counterdod
£} decoderiob
+EF decoderQtod
LE} Ipm_counterd
52 /Toolsfdlerayd.1 Aquartus/librg

4| | »

Marmne:

|u:|:uunterD|:|5 J

[+ Eepeat-inzert mode

[ Inzert symbol as block
[0} Laureh Megsiizan Fligm

Megatwizard Plugdn Manager. . |

kK LCancel |

L B = 1 1)

Figure 7.4 counterOto5 symbol with clr
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5. Select and delete the lpm_counter symbol (modulus count = 50,000,000) on the
stopwatch circuit.

lpm countedd

I )
: Up caunter :
— clockmodulus 50000000
| ]
]
I Q26 .01] e
P
: Cout o
: insts :

Figure 7.5 Delete Ipm_counter symbol with modulus count = 50,000,000
6. Recreate the Ipm_counter symbol with modulus count = 5,000,000.

Double-click on the blank space in the Graphic Editor window, or Click on the Symbol Tool

icon " in the toolbar. A pop-up box in Figure 7.6 will appear. Type Ipm_counter in the search
bar to locate the symbol and Click OK.

s S P . | |t EATEe-es=sm—pm——ss
Bl Symbol L_
- Libraries:

%5‘:{ altmult_accurn -

g altmult_add

lpm_compare

=5 Ipm_divide
L Iprn_mult
L parallel_add
FED gates

J e stloraue LI_‘

k Hame:

|Ipm_c:0unler|

¥ Bepeat-insett mode
™ Insert symbal as block
¥ Launch Meaawizard Plug-n

Megawizard Plug-ln kanager |

0K I LCancel |

|._\

Figure 7.6 Choose Ipm_counter from the library
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egawizard Plug-In Manager[page 2c] E |-

Selected Megafunctions:  “Which twpe of output file do you want to create? L

|LPM_COUNTER i+ AHDL
¢ WHDL

i Yerlog HDL

What name do you want far the autput file? Browse... |

I.‘DIPLDM.&Near2HEI321 E3/05_1 Adigital/stopwatchdpm_counter|

Mate: To compile a project successfully in the Guartus |1 software, pour
dezign filez muszt be in the project directory, in the global user libraries
zpecified in the Optiong dialog bos [Tools menu), or a usger ibrary specified
in the User Libranes page of the Settings dialog box [Szsignments mern).

“Your current uzer library directonies are:;

¢ [ Don' ask me for an output file name or the output fils format again.
|1 future, name output files automatically and use the current output file format,

[Mote: You zan tum the Block Editor's auto naming and auto format selection :
on and off with the Options cammand in the Tools menw.] L

| Cancel | < Back | Ment » I ek |.

Figure 7.7 Change output file name from Ipm_counterl to I[pm_counter0

e 5

MegaWizard Plug-ln Managei[page 2c] E
Selected Megafunchions:  which tupe of output file do wou want to create’? L

ILPM_EDUNTEH & AHDL

i YHOL
i Werilog HDL

YWhat name do pou want for the output file? Browse. .. |

IHDIPLDMﬂNeaIZ’EGZ E3./95_1 /digital/stopwatch/lpm_counterl

dezign files must be in the project directory, in the global user libraries
armmmibimd i Hem Cebmee dislaa ke ITmmls mremasa il mr = mmr ke = ameomd) Ied

Megawizard Plug-In Manager E3|m

4 & File /DIPLOMA Y ear2/EG2163/98_1/digital/stopwatch,/lprm_counterD, tdf

\ Mate: To compile a project successfully in the Quartus | software, your

already exiztz. OK to avenwrite it?

Eanceq

t
| |
¢ [ Dot ask me for an output file name or the output file format again,

In future, name output fles automatically and use the curment output file format.

[Mate: You can turn the Block Editar's auta naming and auto format selection E
on and off with the Options command in the Tools menw.) -

E Cancel | ¢ Back | Hewt » | sty |-

Figure 7.8 Click OK to overwrite
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Megawizard Plug-In Manager -

LPM_COUNTER

| lpm_counterd
up counte
clock
g[26..0]
A
£
Tl
!
3
§ Resource Usage
= 27 it + 27 req

LPM_COUNTER [page 3 of 7]

Currently selected device family:

How wide should the 'q' output bus be? B |~ bits

vt should the counter direction be?

= Up only
Do only

Creste an 'updown' input port to allovy me to do both

[1 counts wp; O counts down)

Sbout Cocument: I

== B3
atian

ICycIDne Il j

M Match projectidefautt

| Cancel || = Back || Next > || Finish |

Figure 7.9 2726 = 67,108,864 => Wide of ‘q’ output bus: 27 bits Click Next

izard Plug-In Manager - LPM_COUNTER [page 4 of 7]

LPM_COUNTER

Iprm_counterd

clk_en

Up counte
clock moduluz S000000

al26..0]

Flain binary

# ) Moculus, with & count modulus of | S0000C

7]
About Cocumentation I

—wWhich type of counter do yau weant?

| cout
4

£

[l

X

3

k Resaurce Usage

- 27 It + 27 reg

— Do you weant any optional additional ports?

ML I Carry-in
Count Enable W Carry-out
| Cancel ” = Back || et = || Einizh | L

Figure 7.10 Modulus with count 5,000,000 with Clock Enable and Carry-out ports Click Next
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Megawizard Plug-In Manage PM_COUNTER [page 5 of 7]

I == B
: LPM_COUNTER
About Documentation

Ipm counterl — Do yiow weant any optional inputs?
Up Counte
clock modulus S000000 Synchronous inputs Asynchronous inputs
clk_en 4l26.0] Clear
cout Load Load

| Set Set
: ® Settoall1's ®) Settoall's
i Osetto [0 ] O Setta
p|
€
|
s
|
k Rezource Usage i
- 27 It + 27 reg
1 | Cancel || = Back || Mext = || Finizh | L

Figure 7.11 Click Next

=]

Megawizard Plug-In Manager - LPM_COUMTER [page 6 of 7] -- EDA

: ‘a LPM_COUNTER

T |

[z]ED2

— Simulation Libraries

Ipm_counterd

To propetly simulate the genersted design files, the following simulstion madel
files) are nesded

up counte
clock modulus S000000
clk_en

F..I Description
Ipm |LPM megafunction simulation library

a[2g..0]
cout

i — Timing and resource estimation

| Generates a netlist for timing and resource estimation for this megafunction. 1f
you are synthesizing your design with a third-party synthesis tool, using a
tirming and resource estimation netlist can allow for better design optimization.

Mot all third-party syrthesis tools support this festure - check with the tool
vendor for complete support information.

Mote: Metlist generstion can be a time-intensive process. The size of the
design and the speed of your system affect the time it takes for netlist
generstion to complete.

Generate netlist

]

Resource Usage
= 27 It + 27 reg

| camcel || <Back || mext= | Finisn |

Figure 7.12 Click Next
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ﬂ Megawizard Plug-ln Manager - LPM_COUMTER [page 7 of 7] -- Summary M= B3

a LPM_COUNTER

| Abont ” Documentation

[T

Turn on the files you wish to generste. & gray checkmark indicates a file that is
automatically generated, and a red checkmark indicates an optional file. Click
Finizh to generste the selected files. The state of each checkhox iz maintained in
subseguent MegaWizard Plug-in Manager sessions.

Iprn_counterd

Up Golnte,
clock modulus SO0000CY

clk_en o[26.0]

cout

The Megatizard Plug-In Manager crestes the selected files in the folloving
directory:

DIPLOMA N ear HEG 21 B3igS_1 fdiotalistopwatchl

File | D egcription
[ Iprn_counter.bdf Wariation file
[ Ipm_counterl.inc AHDL Include file
i O Ipm_counterl.cmp WHOL component declaration file
[ Ipm_counter(. bsf Quartus Il symbol file
O lpr_counterd_inst tdf Instantiation template file

B Iprm_counter0_warveforms.htrl | Sample waveforms in summary
i Ipm_counterd_wave® jpg | Sample waveform file[s)

s

Rezource Usage
27 It + 27 reg

| cancel || = Back || Blesd = || Finizh |

Figure 7.13 Click Finish

NN 8] -5 | it i S o Sl e it S 1 | F | T
Megawizard Plug-In Manager Ed |:

x The Megatwizard Plug-In Manager will overarite the
fallowing existing file(z]:

)|
ﬂ ADIPLOMA M ear2/EG2163/08 1 digital/ stopwatchdpm_counterl.ing
W fDIPLOMA S ear/EG2163/03_1 Adigital/stopwatchdlprm_counterd. bef

Figure 7.14 Click OK
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7. Complete the stopwatch circuit as shown in Figure 7.15. Click File > Save.

0z i i
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Figure 7.15 Complete stopwatch circuit

Input pin name: clk clk_en and clr

Output pins names: tenmina, tenminb, tenminc, tenmind, tenmine, tenminf and tenming
mina, minb, minc, mind, mine, minf and ming
tenseca, tensech, tensecc, tensecd, tensece, tensecf and tensecg
seca, secb, secc, secd, sece, secf and secg
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8. Pin Assignment

You can import pin assignments by choosing Assignments > Import Assignments. This opens
the dialogue in Figure 7.16 to select the file to import.

Pe{8e

&’ Quartus Il - /DIPLOMA Y ear2/EG2163/g8_1/digital/stopwatch/stopwatch - stopws
ﬁ File Edit “iew Proect L Proceszsing Tool: ‘Window Help

e |

]

Pinz
F'rD_lEl:‘t Mavigator —————— @ [ «][%]
& Files "2-6’ Timing Analpsiz Settings... = @ stopwal
> : T
- B stopwatch. b i ED’}.‘ Tool Settings... _ “ = | = |
....Bt; counterlod bdi & Seftings... Chil+5hift+E —r

.
eor  decoderltod b Clazsic Timing Analyzer wizard...

-2 counterlob bdf
-2 decoderltob bdf @ Azsighment Editar Ctrl+5hift-+8, IE A
~B stopwatchayw | &2 Pin Planner Ctrl+5 hift+M o0
~B  stopwatch cew Bemove Assignments... ]
Iprm_counterll.qip ; r [emete Sesianments... BT 'lié
z Hlerarch_l,ll B Files I ot De i"i Back-Annotate Assignmets... |'—.|. @
Tasks e [<]=] _M
Flaw: IE b Timing Esf Expaort .-’-‘«smgnments... j
g ar Imin STImE ik
s d Azzighment [Time] Groups... Ak ﬁ
Task &y = *
B P Analsis & % Timina Closure Eloorplan — =
s &4 LogicLock Regions Window Al ]
- Paitiar
B> EarIyT .5.5'@ DES|gn Fartjtiohs Window  Alt+D — B Ty
1] | 5 i
=] Type Hessage
Gl Tape |pes I
Figure 7.16 Importing the pin assignments
Browse to select the desired file stopwatch.csv. Click Open.
! | R e [ OUTRUT __ ——— zeca y L.
; T e 33! RSN . ric S
. Lok [ 23 sopvach ESEE] :
- Specify the source and categories of assignments to import. db
incremental_db -
File name: I _I [Eategones:.. | stopwatch, cay o
[+ Copy existing assignments into stapwatch. qsf.bak befare imparting Advanced... | stopwatch.qsf
[f I Cancel | ;
| i —
File name: |stopwatch Dpen I I
pwatch -c stopwatch --timing analysis_only Files of bype: ||l'ﬂ|3'0ft Files [“-qu;“-BSf;”.aCf;"-CSV;".tHL‘"-SdC]j Cancel |

Figure 7.17 Select stopwatch.csv
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Click OK to confirm pins assignments file stopwatch.csv.

i o e e e et e o o et e ol ! M| Ye |
Import Assignments

Specify the source and categaories of assignments to impaort,

File name: Ia"DIF‘LEI M eard/EG2163/98_1 /digital/ stopwate

[+ Copy existing assignments inta stopwatch.qsf.bak befare imparting

=i
E3
[Eategones... |

Advanced... )
r
ok | Cancel | ~
c =
Figure 7.18 Confirm pin assignments file stopwatch.csv
9. Compile the circuit with pin assignments as shown in Figure 7.19 and ensure no error
(Ignore warning/s).
%@Q@ ’ . Applications Places System

4, Quartus Il - /DIPLOMA/Y ear2/EG2163/g8_1/digital/stopwatch/stopwatch - stopwatch - [stopwatch.bdf*]

@Eile Edit “iew Project Assignments [

Tl Toolz “window Help

”D BHG S| =@ |®nroes Ch{sBhiftes Eg@@o T n|@®|ale ‘
Project Navigstor ———————— ﬂ Start Compilation kch.hdf’ |
4 Files @ Analyze Current File =
L2 stopwatch bof Start » & ® | G2l oo ‘

-3 counterDod bf Update Mernory Initizlization File

gy decoderltod.baf & Compilation Report Chil+R

-2 counter0of bdf

-2 decodertol bdf Start Compilation and Simulation Chl+S hift+k

3 stopwatch Generate Functional Simulation Metlist

‘B stopwatch.csv E‘_‘_ Start Simulation Chrl+l

""" Iprm_counterl.gip Simulation Debug »
Hierarchyl Filesl & Design Units] ‘E‘E Simulation Feport Chrl+Shift+F
Tazk=s ﬁ Compiler Tool
Flaw: IEarIy Timing Estimate with Synt| S Simulator Tool
@ Clazzic Timing &nalyzer Tool
ﬂ PBowerPlay Power Analyzer Tool
i e ]
b Parition Merge W S5M Analyzer Tool E:_:_g_:_:_: - ! ‘::‘;:‘_.:::M ;
P Early Timing Estimate with Synthesis J ® H :________,' K -;:;:li- " =
Y @T::'_'_EE%— : I ;

Figure 7.19 Compile the complete stopwatch circuit with pin assignments
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10.  Programming and Configuring the FPGA Device

Select Tools > Programmer as shown in Figure 7.20.

alfs

Eile Edit “iew Project  Asszignmentz  Processing Kl Window  Help

{eyHierarchy | B Files | 87 Design Units | (=] Logic Analyzer Interface Editor
9\ In-System Sources and Probes Editar

Tazks

SignalFrobe Pinz....

Programmer

Flow: IEarIyTiming Estimate with Synthesis @

|

JJD = & & ‘% ‘ ANEEN 1 ‘ ) ”E Run EDA Simulation Taoal 4
Eiaoe (e Run ED& Timing Analyziz Tool —
&3 Filas Launch ED.-’-‘? Simulation Library Compiler |
-2 stopwatch hdf ‘ Launch Design Space Explarer B2

- counterlof.hdf {I} TimelQuest Timing Analyzer :

-2 decoderlto.hdf )

-2 counterlof hdf fdvizars B

.. .

= ClEe LUK 1 @ Chip Planner [Floomplan and Chip Editar) :

~B  stopwatch : ” :

] @ Degign Fartition Planner i

- B lpm_counterl.gip fe :

- B stopwatch.csv Netlist Yiewers ¢ :

@ SignalT ap |l Logic Analyzer :

s n-Syztem Memory Content E ditor ;
M

TaskE
v E P Analysis & Synthesis
------- P Partition Merge

""'{ teqawizard Plug-ln Manager...
+5) SOPC Builder

3!

T : : Tel Scrjpts...
Bl Early Timing Estimate with Syr
W P Fitter (Flace & Route) Customize. .
v P Classic Timing Analysis Options...

Licenze Setup...

Customize Block Editor...
Options for Black Editar...

d | o

Figure 7.20 Programmer tools
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It is necessary to specify the programming hardware (USB Blaster) and the mode (JTAG) that
should be used. If it is not automatically detected, Click the Hardware Setup button and select

the USB-Blaster in the pop-up window and select JTAG in the Mode box as shown in Figure
7.21 and Figure 7.22.

eagss

m Quartus Il - /DIPLOMASY ear2/EG2163/98_1 /digital/stopwatch/stopwatch - stopwatch - [stopwalch. cdf]

QQApplications Flaces System

File Edit Processing Toolz “Window

éa Hardware Setup. | |N° Hardwars

Mode [JTAG =
¥ Enable reaktime ISP to allow background programming (for Mas 1| devices)
P G | File Device Checksum Usercade Efﬁ{sﬂ:g Verify E:?:Ek | Examine Seg::nty | Erasze CILSA;P |
[ e stopwatch.sof EP2C20F484 001BEE36 FFFFFFFF [m] O O
A S etect
Hardware Setup [x]

4 Uelete
% fdd File...

Hardware Settings IJTAG Semngsl

Select & programming hardware setup to use when programming devices. This programming

Y Change Fie
| Save File..
2 fdd Device..
ilp
o

hardware setup applies only to the curent programmer windaw.

Currently selected hardware;

Luwailable hardware items:

Hardyare
USE-Blaster

| Port
UsB 51.2

| Server
Local

| Add Hardware. .
Bemae H ardiare

Cloze

Figure 7.21 If Hardware Setup not detected automatically

dalds

m Quartus Il - /DIPLOMASYear2/EG2163/98_1/digital/stopwatch/stopwatch - stopwatch - [stopwatch. cdf]

QQApplicatioms Places System

File Edit Processing Tools Window

éa Hardware Setup... |USB—B\aster [USE 51.2] Mode: IJTAG 'l
[* Enable realtime ISP to allow background programming [for MK [ devices]

W Start | File: |Dewca |Ehecksum |Usercoda E:jor?f:gam; Werify EI}?:EK Examine Segiuinty | Erasze EILSAaP |

B Siop stopwatch. sof EP2ZC20F484 001BEEIE FFFFFFFF O O O O

m Auto Detect
A Delete

(2 Add File...
L5 [Ehamae Fie.
H Save File..
2 Add Device..
1

’ [Ewm

Figure 7.22 Correct Hardware Setup window

Click Start. Having downloaded the configuration data into the FPGA device, you can now test
the implemented circuit. If you need to make change/s to the design, first close the Programmer
window. Then make the desired change/s, compile and reprogram the board. Repeat the process
until you obtain the desired results.
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