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LAB 2. Qsys Introduction Lab

LAB 2. QSYS INTRODUCTION LAB

Overview: In this lab, you will build your first Qsys design to implement a simple bus master used to peek and
poke the Qsys peripheral registers.

This lab takes you through a design from the ground up. Steps include:

Creating a Quartus Il project

Use Qsys to add peripherals to a design

Add pin and timing constraints

Compile and program the device

Launching System Console, and

Interacting with TCL scripts to adjust register values

The lab will build up a Qsys system that will look like this:

clk_50m_clk_in|

reset [

led_pio_out8_external_connectior

avalon_jtag_slave

pb_pic_in1_external_connection

temp_Im71cimf_0_conduit_end
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contral_slave
[ | esat
sysid
dk
aternal
| esat
led_pio_out8
[ | eset
51
pb_pio_in
avalon_slawe
clock_sink
conduit_end
reset_sink
TE! 0
test_sys_top_gsys
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LAB 2. Qsys Introduction Lab

2.1 Set Up the Quartus Il Project

In this module, you will create a Quartus Il project for your Qsys design.
2.1.1 Create a new Quartus Il Project

2.1.1.1 Launch Quartus Il 15.0 (64-bit) from the Start menu, if you haven't already

, Altera15.0.0.139

“% Uninstall Quartus I Subscription Edil
ModelSim-Altera Edition 1500139 |
Mios TEDS 1500139 1
Quartus 0115.0.0.139
&3 Quartus 1150 (64-bit)
& QuartusT15.0 Design Space Expl
|| Quartus T15.0 Device Installer
- Quartus 1150 EDA Simulation Li
\q["ﬂ-‘ Quartus I15.0 Programmer
=] Quartus 115.0 TalkBack Install

2.1.1.2 Create a new project using the New Project Wizard. Click File & New Project Wizard

2.1.1.3 Configure the New Project Wizard directory, name, and top-level entity information.

2.1.1.4 Click on the l_l button and browse to the directory where you extracted the lab files (for example
c: \ DECA\ wor kshop_| abs\2_Qsys_Intro_Lab)

2.1.1.5 Specify the name of the project: t op_I evel

2.1.1.6  Specify the name of the top level entity: t op_| evel

(It is a common naming convention to include the word “top” in the top-level design entity to make it clear and
obvious which entity is at the top of the hierarchy.)
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LAB 2. Qsys Introduction Lab

-

&4 New Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?
C\DECAWworkshop_labs\2_Qsys_Intro_Lab
What is the name of this project?

top_level
What iz the name of the topHevel design entity for this project? This name is case sensitive and must exactly match the entity

top_level

Use Existing Project Settings...

name in the design file.

08 0

Help

| {

J [ Cancel

Click

2.1.1.7
2.1.1.8  On the Project Type page, select "Empty Project" and click
2.1.1.9 Add source files to the project

The Add Files window will appear. For this lab, new design files will be created so no files will be added. For other

designs, files can be added here.

{; Mew Project Wizard

Add Files

Selec: the design fies you want to indude in the project. Clidk Add All to add all design files in the project drectory to the proj=ct.
ote: you can alweys add desigr filzs to the projzct lazer,

Sile nam=: :I Add
FieMame Type Library Design Ertry/Syrhesis Teol HDL version
3peci®y the path names of any non-default ibrarizs. |User Librarizs...
| < Fare | [ Mext = Finish | | Cancel | [ Help
52 Max10 DECA Workshop Manual
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LAB 2. Qsys Introduction Lab

21.1.10 Click

2.1.1.11 Specify Family and Device Settings

Rather than using the pull down menus to select the correct family, enter the part number in the
Name Filter text box.

The part number is 10M60DAF484C6GES.

&, Device ==

Select the family and device you want to target for compilation.
‘fou can install additional device support with the Install Devices command on the Tools menu.,

To determine the version of the Quartus II software in which your target device is supported, refer to the Device Support List webpage,

Device family Show in 'Available devices' list
Eamily: || MAX 10 (DA/DF/DC/SA/SF/SC) || |Package: \FBGA -
Devices: [A.II v] Pin count: [484 v]
Core Speed grade: [Any - ]
Target device
MName filter: 10MS0DAF
Auto device selected by the Fitter

@ Specific device selected in 'Available devices' list 7] Show advanced devices

ther: nyf i i j
Other: nfa [Qewce and Pin Options...

Available devices:

Name Core Voltage LEs Total 1/0s GPIDs Memory Bits Embedded multiplier 9-b‘|"
1OM50DAFFa49L fa LA 476U Sau e [34] 1677312 Zad
10MS0DAF434C3G 1.2 49760 360 360 1677312 288
10MS0DAFS34CEGES 1.2V 49760 360 360 1677312 288
10MS0DAF4341 76 12V 49760 360 360 1677312 288

4 | 1 3

Migration Devices... | 0 migration devices selected

| .

After making your selection, look at your kit and confirm that the part number marked on your

device matches your selection. Click

2.2 Build the Hardware Design

Overview: In this module, you will create and add component to a system, make connections where required,
assign clocks and generate the system.

2.2.1 Launch Qsys
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IW\EW @ L -{E}E‘f'?SUMENTS Five Years Out



LAB 2. Qsys Introduction Lab

Qsys is a high level system integration tool that allows you to quickly build a system using Altera’s IP blocks as well
as custom components. The tool automatically creates interconnect logic between the components and allows for
easy design reuse.

A Qsys system is made up of a number of components and the automatically generated, high performance
interconnect between them. Qsys allows you to connect components on an interface level, rather than a signal by
signal level. Qsys understands the different types of interfaces and will only allow connections between interfaces of
the same type (i.e. a data master connects to a data slave, clock source to clock sink, etc...).

2.2.1.1  From the Tools menu in the main Quartus Il window, select Qsys (Tools = Qsys).

2.2.1.2  After Qsys launches, open the file named: t est _sys_t op_qsys. qsys

&

J+ Open (]
Laook in: 2 Qsys Intro_Lab - e -
: db
e ip
Recent Items L | test_sys top_qgsys.qsys
Desktop
F:
My Documents
A
LF4621
Qﬁ File name: test_sys_top_qgsys.gsys Qpen
Metwork Files of type: | gsys System Files (*.qsys) - Cancel

Select Close once the System is completed successfully.

2.2.2 Build up the rest of the system

54 Max10 DECA Workshop Manual
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LAB 2. Qsys Introduction Lab

2.2.2.1 There will be various components that are already included in the Qsys system, while others will need to
be added and configured. The Qsys system will look like this:

I systemcontents G2 s addessMan SR Frojectsettngs BE | _=o
W e Comelizs Sare estripr i =gl Cha e Fetsie Frul R Tags 0
x| = =1 chk_50m Clock Sorce
[ ] = din Cleck Input relk_50m_clk_in exported
: = de_in_rese: Res=t Input 1eset 0
= — k. Chutk Culiul dk_30u
a — 1o _rrsml Res=l Ol
- | @ ERE ] TTAR 0 Avakr Masler ik
; ik ek Tl olk_Shm
r [ - sl Res=l Tyl
- i’ mRetEr avAnn MeTory Mapp=d Meetsr [rk]
! - mEstsr_esst R.ezat Output
= 2 ocram_lk Cm-Chip Mzmory (RAM or 20K
del iZlock Tnput «clk_50m
—— sl avson Merary Mappad SkEve [dk] OxuOoL_Uuu JuOULY_C¥sz
resatl Hesst Input [dk1]
& =l sysd svesem U kenphara
de Clack _nput clk_b5Um
reget Hesst Input [dk]
1 control_zave Avslon MeTory Mappad slve [dk] 0x000C D440 w00Ca C417
]l 3 jtag_uart JTAS UART
= do Clad Input «clk_50m
react Meact Input |dik)
— avdlen g slave Avdon MeTary Mappzd Skve Iclhe] 0x000C_D440 Du00CO_C43E
+ | m | ]
U Messags= B -Eo
Dzs—ipten Fatr
[ 2 1'Wering
S Tl oy serler jlag_imerb e s vl conne: el o i b= opl r v Syslen.j ag_iwl
=@ 214 Messzges
@ Eyeter I e 7ot ageigned sLtomancaly, bdi tha Syster LD parameter 1o orovde 3 Jriqus 1D syetem.eyad
@ Timc starp #il ke automatizaly updated when tha cotpenctis cenerated. System.ysd
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LAB 2. Qsys Introduction Lab

There are 5 components already connected as seen above.

The Clock Source IP (cl k_50n) is the clock source connected to our 50 MHz clock input coming
into the FPGA (MAX10_CLK1_50).

The JTAG to Avalon Master Bridge (nast er _0) enables you to read and write to memory-mapped
slaves connected to the bridge using your JTAG connection via the USB-Blaster II.

The On-Chip Memory (ocr am _1k) is a memory mapped slave peripheral instantiated with 1KB of
ram (using just one MAX®10 memory block)

The System ID peripheral (sysi d) is an IP that provides the Qsys system with a unique ID. Itis an
important peripheral to include when targeting soft and/or hard processors in the Qsys system
because it allows the software development tools to validate that the software application is built for
the correct hardware system. Basically, it will not allow software to be executed on an incompatible
hardware configuration.

JTAG UART (j t ag_uart)is a JTAG-based UART that processors use to print characters back to
the console

2.2.2.2 Configure and add LED's

In Qsys, under the Library section of the IP Catalog, type: pi 0 such as:

File Edit Systemn Generate View Tools Hi

[#1 1P Catalog  £% - |

¥ X
Project
LD New Componernt...
Library
[E-Processors and Peripherals
-i---PeripheraIs
i @ PIO (Paraliel IjO)

New... | Edit.. = Add...

56 Max10 DECA Workshop Manual
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LAB 2. Qsys Introduction Lab

, =R Add... . '
Double-click the PIO (Parallel I/O) (or use the button). A dialog box to configure the
component will open. There are eight LED’s so set the width to 8 and set the direction to Output

|~ Basic Settings

Width (1-32 bits): k]

Direction: (7 Bidir
() Input
(71 InQut
@ Output

Output Port Reset Value: 0,0000000000000000

|~ Output Register
[] Enable individual bit setting/dearing

[~ Edge capture register

Synchromously capture

Edge Type: RISING

Enable bit-dearing for edge capture register

[~ Interrupt

Generate IRQ

Select Finish. Your newly created PIO component will look like:

B pio_0 P10 (Parallel If0)
1 ck Clock Input uncem,
reset Reset Input [ck]
51 Avalon Memory Mapped Slave [dk]

external_connection Conduit

There will be errors related to the clock and reset, where the signals are not connected. These will
be resolved in the following steps.

Starting with clk, right-click the clk in the pio_0 peripheral:

10 {Faralel o)

i oo

- - Dol oFck fo cxpari  onooancclod
Connections: oio C.clk 5' Bqotan pe_0_clk |

T i
Fiter clk_30m.cle J

2 Edit. Ctil+E
Add.. -ga
Fenzme CrlsR g‘

=] 2ETore
%] best_sys_top_asyspio_
a Eest_sys_top_gsys plo_

Thipli-nte Chlsh
Femcve outt

Tiesnils ¥ 951 53Lre
s b, J'Wanngs

Set Decign Ervircnment X

E Shunar Akl alitn Stiees | k

- mac Cnis
& fllzw Cennection Sciting
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LAB 2. Qsys Introduction Lab

Select clk_50m.clk. The patch panel of the PIO will now be connected to the clock input. To
complete the peripheral connections, repeat the step but this time:

Connect the pio_0.reset to clk50m.clk_reset
Connect the pio_0.reset to the master_0.master_reset

Connecting the reset to both the clk and master reset domains allow this pio to be reset if either
reset occurs.

Connect the pio_0.s1 to master_0_master.

There will be an error that states:

Wg;_'Messages % = et

Type

EQ

Path Message .-:'1
i

1Error

test_sys_top_gsys.master 0/pio_0.s1 (0x0..0xf) overlaps ocram_1k.s1 {(0x0..0x3f)

2 Warnings

test_sys_top_gsys.pio_0 pio_0.external_connection must be exported, or connected to & matching conduit.

test_sys_top_gsys.jtag_uart|Interrupt sender jtag_wart.irg is not connected to an interrupt receiver

3 Info Messages

1 ¥

This error will be removed later on. The next step is to change the name of the component. To
change the name, right click on the pio_0 and select Rename:

=ralal LT

. H dk Cannectinrs G clk 50m
2 reget [ck]
* 3 =1 T Filter v [kl 0x0000_0000 0x100C_000C
| extarnal_conr
=3 Fdir.. CirleF
& Add.
| & Rename Cirl+R
4] Duplicaze cehD | n
R o A Remove f
[' W Momagea ™ :
e } Detcils L3
” Iesnintinn I Kzt

Change the name to be | ed_pi o_out 8.
The next step is to export the led signals to the top-level design so that we can connect these
signals to FPGA pins. To do this, double-click on the export signal. The name of

| ed_pi o_out 8 external _connecti on should now be present.

The completed peripheral should now look like this:

58

= led_pio_out8 PIO (Parallel Ij0)
dk Clock Input clk_50m
reset Reset Input [clk]
51 Avalon Memaory Mapped Slave [iclk]
external_connection Conduit led_pio_outB_external connection

Max10 DECA Workshop Manual
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2.2.2.3 Configure and add push-button IO

LAB 2. Qsys Introduction Lab

Repeating the same procedure, we will add a PIO but this time set it up as an input with a width of

one (1)
A MOPeel V) piod ]
& IO (Perallel 1/0)
[ Block mlagram o
S = BaslcSettings |
|7 shoat zigrac Wik (132 sl 1
Diveili - B
@ Irpuz
L et
pet 7 output
- Oupul Pur. Resel Vehae: [0,2002000007007000
griemel zoncecto
= Owukput Register |
RILA AT A Enablz Indvidudl biz setnafdeart
~ Etlue coplure register |
T Swicncimisy capias
Ldge Type: koo
Eriabde bi-oaic g for ez caplur 2 reyelan
|
e P LIRTRS
Lewvel: Intzrpt &P woen amy unmadied 1F0pn g bk frue
Edge: Inte~upt TP nen znv unracked oitIr the edze-capturz
register ¢ kogk frue. Awalaske #nen scranoe.s cachre s enatlzd
= TeesL bencli miring
T Fardaic2 PIC i puls i ey b
Drve inzuts w00 (e O (L L i)
i@gt Zrfo: plo_0: F10 nzuts arc ~et hardwles 17 teszberon. Undznod wzlacs wl bz read Fem FIC nputs daring smulzden
Canzz | [ e

Select Finish to complete the generation of the new pio peripheral.

Similar to the led pio, you need to connect the pio.clk, pio.reset, and pio.s1 ports.

You will encounter more overlapping memory address errors that will be addressed later.

Right-click and change the pio_0 name to pb_pi o_i n1.

Lastly, we need to export the pio to the top-level design. Double click on the export signal. The
signal of pb_pi o_i nl_export _connecti on should automatically be created. The completed

pb_pio_inl peripheral is sh

B pb_pio_inl

dk

reset
,— 51
external_connection

=
L

Version 15.0
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PIO (Parallel 1/0)

Clock Input

Reset Input

Avalon Memory Mapped Slave
Conduit
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LAB 2. Qsys Introduction Lab

2.2.2.4  Configure and add the temperature sensor

The LM71 temperature sensor is mounted in the 'hot’ area of the board and connects to the FPGA
via a SPI-like interface. Terasic has created a custom component to interface to this temperature

sensor.

In the library section of the Qsys window, expand the Terasic Technologies Inc. > DECA (Delete

any text in the IP Catalog search field to see this IP)

-/

X &

Li_brarv

[+-DSP

;é!---Tn_arasic Technologies Inc.
= DECA
L@ TEMP_LM71CIMF

[-Basic Functions

[-Interface Protocals

m

Select the TEMP_LM71CIMF and select Add... then Finish

The next step, similar to other peripherals, is to connect the clk, reset, and control port. Connect

these signals:

Temp_LM71CIMF_0.clock_sink - clk_50m.clk

Temp_LM71CIMF_0.reset_sink = clk_50m_clk.reset

Temp_LM71CIMF_0.reset_sink > master_0_master_reset

Temp_LM71CIMF_0.avalon_slave - master_0.master

Export the interface to the top-level. Double-click to export the signals and select the default

name

The LM71 peripheral will look like this:

= TEMP_LM71CIMF_0 P_LM71CIMF

| dock_sink Clock Input clk_50m

. reset_sink Reset Input [clock_sink]

> avalon_slave Avalon Memory Mapped Slave [clock_sink]

conduit_end Conduit temp_Im71cimf_0_cond... |[cock_sink]

It 1
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LAB 2. Qsys Introduction Lab

Note that there will be an error about the overlapping peripherals in the memory space. This will be
resolved next.

2.2.2.5 Resets and warnings
There will be errors that the master has peripheral components that overlap. If you inspect the

system closely, you will find that multiple peripherals share the same physical address.

To resolve the errors, select on the base address of the components to manually enter the
addresses required for the lab. Ensure you follow the diagram exactly. You only need to enter the
Base address, the End address is calculated automatically.

1= system Contonts %l - =
= | | & | 000 System: tes:_sys_top_gsys  Path: dk_S0m
WP |Uge  Conmect.. Mame Ceecrption Export Cleck Ease End
X (i ck_n Cloce Input iclk_sum_clk_n exparted
= el ck_n_reset Recet Input reset_0
A — ck Cloce Output ck 5Cm
-~ : ch_ese: Reset Dutput
“ = @ master_n TTAG tn Aualan Master Rridge clk_S0m
¥ | & 1+ ecram_1k un-Chp Memory (XAM or HOM) clk_sum 0x0000_0000 0z00C0_03£E
=z | & B sysid Syetem ID Peripnera
ck Cloce Input clk_50m
y 3 reset Reset [nput [elk]
conTal_slave Avalor Memory Mapped Slave [k 0z0000_0440 0x00C0_0447
[ B Jtag_uart ITAG UART
=13 Clace Input lk_S0m
reset Reset [nput Lk
avaon_jtag_sleve Avalor Menory Mapped Slave [k 020000_0448 0x00C0_D44LC
ira Interrupt Sander [k
| [} E led_plo_outs PIO (Parallel 1/C)
=13 Clace Input clle_S0m
reset Reset [nput Lk,
sl Avalor Memory Mapped Slave [l 0x0000_0420 0x00C0_D42£
es external_comectior  (Condut led_pio_out8_external_...
# B pb_piu_ini PIO (Par dllel 1/5)
=13 Clace Input clle_S0m
reset Reset [nput |k,
sl Avalor Memory Mapped Slave [l 0=0000_0430 0x00C0_D43£
< external commectior  |Condut pb pio inl external co...
& E TEMP_LM71CIMF_0  |TEM?_LMTLCIM=
chre_zirk Claee Tnpot clk_Snm
reset_sink Heset lnput [dozk_snk]
avaen_gave Avalor Memory Mapped Slave [dadk_sink] 0x0000_0400 0x00C0_D40£
=g condut erd Condut ttemp Im71cimi 0 cond...|[dock skl
4| [0 *
e 4t 7 W Lurrentfilter: all interfaces

Qsys has the ability to auto-assign base addresses (via the System menu). The reason we are
manually entering these addresses is to ensure that the system is setup properly to correspond with
our lab files that use these specific memory addresses to interact with the peripherals.

Should you have accidently selected interrupts in the components, you may see warnings that irq
(interrupts) are not connected to interrupt receiver. For this workshop, interrupts are not used.
However, for other designs, interrupts can be implemented.

Double-check that the names of the peripherals match the above diagram and that the addresses
match the diagram too.

2.2.3 Generate RTL for compilation
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LAB 2. Qsys Introduction Lab

This next step converts the Qsys system into code that Quartus can place and route during compilation. The RTL
(register transfer level) can be generated in either VHDL or Verilog. Upon completion, these files are used by
Quartus to place and route the design using the IP created by Qsys.

2.2.3.1 To do this from the Qsys menu, select Generate = Generate HDL as below:

% Qsys - test_sys_top_gsys.gsys™ (C:altera_trn_temp\test_sys top_gsys.

File Edit System [Generate| View Tools Help

_;5 P Catalog Generate HOL... = System Conts
Generate Testbench System... et
i Y i I.i__!
B HDL Exarmple... -
g i 7 |Use Con
.y 3
I wew Conl Example Designs | ma
Library
E}-B@sic Functions Eﬁ
. [Eh-Bridges and Adaptors Bl ..
‘ ’ . IFEL

2.2.3.2 A new window, Generation, will appear. Select Verilog for the Create HDL design files for synthesis.

A Generation @

|~ Synthesis |
Synthesis files are used to compile the system in a Quartus II project.

Create HOL design files for synthesis: 'Verilog o
[] Create timing and resource estimates for third-party EDA synthesis tools.

[¥] Create block symbal file {.bsf)

[* Simulation

The simulation model contains generated HOL files for the simulator, and may indude simulation-only features.

Create simulation model: [Mone. -
Allow mixed-anguage simulation

Enable this if your simulator supports mixedJanguage simulation.

|" Output Directory |
Path: C:/DECA workshop_labs/2_Qsys_Intro_Lab/ftest_sys_top_gsys B

[ Generate ]| Cancel ]

The output files generated by Qsys will default to the path shown in the GUI above. Keep the path the same as
shown. By using a sub-directory, the files are neatly organized for use by Quartus. The directory above will be used
in the next step.

62 Max10 DECA Workshop Manual
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LAB 2. Qsys Introduction Lab

2.2.3.3 Select Generate

After Generation is complete, you should have no errors.

A Generate Completed
e .o

@ Info: emd_demusx: "mm_interconnect_0” instantiated altera_merlin_demultiplexer ™ *
@ Info: cmd_mue: “mm_interconnect_0" instantiated altera_merlin_multiplexer "cmd_
I@ Info: rsp_demux: "mm_interconnect_0" instantiated altera_merlin_demultiplexer r
@ Info: rsp_mux: "mm_interconnect_0" instantiated altera_merlin_multiplexer “rsp_m
@ Info: Reusing file C:/altera_trn_temp/test_sys_top_gsys/synthesis/submodules/al
@ Info: avalon_st_adapter: "mm_interconnect_0" instantiated altera_avalon_st_adap
I@._El Info: error_adapter_0: "avalon_st_adapter” instantiated error_adapter “error_adap
@ Info: test_sys_top_gsys: Done "test_sys_top_qsys with 31 modules, 46 files

@ Info: ip-generate succeeded.

@ Info: Finished: Create HDL design files for synthesis -
PP 3

', Generate: completed with warnings.

Stop Close

If there are errors, they will need to be resolved before proceeding to the next step.
2.2.3.4 Select Close.

2.2.3.5 Close Qsys

2.3 Running Analysis and Synthesis

2.3.1 Adding the Qsys system to the Quartus Il Project

The system created in Qsys now needs to be added to your Quartus project so that it can be instantiated in the top-
level design file. You can think of the Qsys system as a module or component as you would in any other FPGA
design. Qsys generates IP "pointer" files for both synthesis (.qip) and simulation (.sip) that will point Quartus to all the
necessary design files needed to synthesize or simulate the Qsys system.

2.3.1.1  Within Quartus, select Project 2 Add/Remove Files in Project from the Quartus Il menu.

2.3.1.2 Click the browse button L= to the synthesis directory noted above (it should be
c: \ DECA\ wor kshop_| abs\2_Qsys_Intro_Lab\test sys top_gsys\synthesi s\)and select
test _sys_top_gsys. gip.

2.3.1.3 Click "Add" to add the .qip file to the project. Click "Apply" and "OK".

2.4 Timing Constraints

Timing Constraints tell the software of what the timing (eg clock fmax, etc) should be for this design. The timing
constraints have already been created for this design, and they are in the lab file, t op_I| evel . sdc. SDCfile is a
Synopsys design constraint file.
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2.4.1 Adding Timing Constraints

2.4.1.1 Add/Remove SDC file
Within Quartus 11, select Project - Add/Remove files in Project.
* Scttings  top_level l ="TE ﬁ
Files
Lbraries Selzel the desicn fles yoa nan. Windude in e project Clok add Al o add dl desig files in e projecl dreclory o e
4 Operating Settings and Conditions proped
Volag= -
Temperature File neme: C [ Add
4 Compilztion Process Settings y p N - - —
Zary Timing Zstmate File hame Type _ibrary  Design Entrv/Synihesic Too HDL Versior
Incemental Compiltion Lop_level. v vieriloy DL Fie =hores Deflaull -
Zhysical Synthesis Opdmizatons _ FRemove
4 EDATool Setlings
Desigr Ertry/Synthesks Lb
Simulation -
“oma Veritication Bown
Joardievel I o e
4 Analysis &Synthzsis Settings Iopentes: )
VHDL Input
Verilog HOL Input
Jefault Paramezers
Fitter S=ttings
TimeQuest Tining Analvze
Assembler
Cesign Assistant
SignalTap I Logic Analvze
Logic Analvze: Irterface
FowszrPlay Poner Analyzer Settings
5N Analyzer
W Buy Sofwzre ] [ K. I [ Cancel Apply
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Select the TimeQuest Timing Analyzer on the left hand side of the window.

" Settngs - too_level

Categary:

Saneral
ies
TANeS
[P Sedirgs
[P Calalsy Search _uealives
Jzz1g7 lemplates
Opcratfing Settres anc Conditizns
Valaye
I=Tperatre
Corpilation occss Sctinga
[nur = venilal Cornpiclion
=D& |ocl Settngs
Sesign Entry Synthesia
Snulajon
-armal ver foanon
3oard Level
Corpiler Sellrges
VAL Inout
Vzrilog HOL Input
efaull 2zane e s
TmeOuest Timing Analyzer
&3scrblz
Dzsig 1 Ansdslanl
SignaTap 1T Logc Analyzer
_egic Aralyzer Inzcrfacc
=owa-Flay Power Analvzer Setthgs
S5 Anzlvzer

N

=

N

=

[
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Using the Browse button, select the top_level.sdc file. (You may need to scroll up or down a

directory path).

Select Add. Confirm the file was added to the file list.

" Gettings - top_leve

[ B e

Category: Device. ..
Lenera TimeQuest Timing Analyzer
Flez |
Libraries Spedily TimeQuest Ty Arialyczr uoluns,
4 1P Scthings
IP Catalog Search Locations SCC fil23 to indude in the preject
Design Temolates
4 Cperating Settings and Condidons File name: E] Add
Wal.aye
T=mreratie Fle Name Type Remove
4 Conpllztion Prozess S=ttings top_leval sdc Syropsys Design Lonstants Hie
Incremental Compilatian tes:_cys_top_goysfeynthess/test eyve_too_geyz.gip IP Variation Fie (.qip) Up
4 EDJA Tool Settings
Design riry/Synthade Dioary

smulation

Formal veridcaton

Board-Level
Conpiler Settings

VHDL Input

Verilog | IDL Input

[

Nefault Parameters
Tm=QuesL Tirning & ielyeer
Agsenbler Enstle Advancad I/C Tiring
Design Asslstant

SgnaTap I Lagic Anlyzer T Serpt File for cussomizing reporss during compilation

Logc Anayze” Interface Td Scrip- File rame:
PoweHay Pomer Andyzer Settings i
S3M Analvzer [#] Run defauft dming analysis before running custom scrips

Metastability analysis

[7] Raport woret-case paths durirg compilation

Synchronizer identification |OFF

Description:

Megociates 3 Synopoye Desigr Constrairt Silz [ edc) with thie project.

ok |[ cancel [ apoly  |[ e

Select Apply.

Select OK.

2.5 Constrain the device

2.5.1 Pin Assignments

Before the design can be downloaded, pin assignments that match the hardware on the board are needed. There
are different ways to do this, such as using Pin Planner, Assignment Editor, and other methods. In this lab a .tcl
(script) file is used, because there are many pin locations as I/O assignments.
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2.5.1.1 Within Quartus Il, select Tools = TCL Scripts

2.5.1.2 Select assign_pins.tcl

(The other .tcl files are used for other steps in this workshop)

2.5.1.3 Select Run. A message window should appear that states:

s )

gi Cuartus I

'6 Td Script File "C: /DECA jworkshop_labs/2_Qsys_Intro_Lab/assign_pins. td” executed.
|

-

2.5.1.4 Click OK to close this message window

2.5.1.5 Click OK to close the TCL script window.

2.5.2 General Assignments

With the hardware design complete, a few device settings need to be changed and the project can be compiled to
create a configuration file. Specifically, some optional configuration pins need to be disabled to match the DECA
board hardware. If this step is not completed, the VCCIO required by those optional pins will not match the VCCIO of
other pins of the DECA board, and Quartus will generate and error during the Fitter processing.
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2521

25.2.2

Open the Device settings window from Assignments = Device... and click "Device and Pin Options".

Unselect all of the checkboxes in the Options box in the General category so that they match the following.

?g Device and Pin Options - gesture_lab_

| Category:

General
Configuration
Programming Files

i Unused Pins
Dual-Purpose Pins
Capacitive Loading
Board Trace Model
10 Timing

Voltage

Pin Placement

Error Detection CRC
CvP Settings

Partial Reconfiguration

Specify general device options. These options are not dependent on the configuration scheme.

Options:

[7] Auto-restart configuration after error

[7] Release dears before tristates

|| Enable device-wide reset {DEV_CLRA)

[7] Enable device-wide output enable {DEV_OE)

[7] Enable nCONFIG, nSTATUS, and CONF_DONE pins
[~] Enable ITAG pin sharing

|| Enable CONFIG_SEL pin

| Auto usercode

ITAG user code (32-bit hexadedmal): | FFFFFFFF

' In-system programming clamp state: [Tri—smte b
Delay entry to user mode: i - |
Device initialization dock source: - |
Description:
| Directs the device to restart the configuration process automatically if 3 data error is encountered. If
this option is turned off, you must externally direct the device to restart the configuration process if an
Error occurs,
| |
]
Reset
) (i) (e u
~ = — - — |
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2.5.2.3 Under the Configuration category, select "Single Uncompressed Image with Memory Initialization (512Kbits
UFM)" as the Configuration mode and ensure the other settings match as follows.

"

%4 Device and Pin Options - top_level

Category:
Configuration
Programming Files Specify the device configuration scheme and the configuration device.
Unused Pins

Dual-Purpose Pins
Capacitive Loading
Board Trace Model

Configuration scheme: |Interna| Configuration - ]

Configuration mode: [Single Uncompressed Image with Memory Initialization (512Kbits UFM) - ]

1/0 Timing Configuration device

Voltage

Pin Placement Auto v
Error Detection CRC Use configuration device:

CvP Settings Device Oplions ...

Partial Reconfiguration sl ! :
d Configuration device Ij0 voltage:

[¥] Generate compressed bitstreams

Active serial dock source:

Description:

[7] Foree ¥CCIO to be compatible with configuration I/0 voltage

Enable input tri-state on active configuration pins in user mode

Spedifies the configuration mode used with the configuration scheme for configuring the device,

2.5.2.4  Click OK to close the Device and Pin Options window

2.5.2.5 Click OK to close the Device window

2.6 Compiling the Design

oK H Cancel ][ Help l

The next step is to compile the complete design. This step will verify there are no errors, create internal databases,

as well as create a programming file that will be used in the next step.
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2.6.1.1 Start the compilation: Processing = Start Compilation or double-click Compile Design in the Task
window.

[P[o::essing Tools  Window Help £

Stop Processing Cirl+5hift+C

@ Start Compilation Ctrl+.

#4  Analyze Current File

Start 3
Lipdate Memory Initialization File

Compilation Report Cirl+R
Dynamic Synthesis Report

PowerPlay Power Analyzer Toal

€% ¢

55N Analyzer Tool

Receive Compilation Status Motifications

2.6.1.2 After a few minutes, the compilation should complete with no errors

Tasks | LES
Flow: |Compilation VI ICustomizE...
Task i)
e 4 4 [ Compile Design 00:02:53
o’ = B Apalysis & Synthesis 00:01:09
o # Fitter (Place & Route) 00:01:03
o [+ @ Assembler {(Generate programming files) 00:00;09
o ¥ TimeQuest Timing Analysis 00:00: 26
v [ @ EDA MNetist Writer 00:00:06
@ Program Device (Open Programmer)

2.6.2 Download the Configuration File to the DECA board

Now that the hardware design is complete and has been converted into a configuration file, the DECA needs to be
programmed. Before doing so, we need to ensure the switch used to reset the logic is in the inactive state.
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2.6.2.1 Set SWO to low as shown here:

The logic within the FPGA can be reset by sliding the switch (SWO0) up. To release reset, slide SWO0 back down to
the default position
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2.6.2.2 Open the Quartus Il Programmer from Tools = Programmer or double-click on Program Device (Open
Programmer) from the Tasks pane. Since the DECA isn't connected yet, the Programmer should show a
blank configuration.

I ==

@ Programmer - C/DECA/workshop_labs/2_Osys_Intro_Lab/top_level - top_level - [Chain2.cdf] =] “El
File Edit View Processing Tools Window Help 5 Ceariiy albera: oo )
[ﬂ; Hardware Setup...| Mo Hardware Mode: [JT-'"-G = ] Progress: ’ ]
[7] Enable real-time ISP to allow background programming when available

: File Device Checksum Isercode Program) Verify
=1 Start Configure
il Stop
#4 Auto Detect
. Delete
| (% add File
({1 Change File.. ~
e i i 1 r
,jl Save File
| (% Add Device... |
Tuup
1o pown

2.6.2.3 Connect your DECA board to your PC using a USB cable. Be sure to connect it to the mini-USB connector
labeled UB2 J10 (on the bottom right of the board). Since the USB Blaster Il driver software should already
be installed, the Window's Device Manager should display two entries under "JTAG Cables".

4§ JTAG cables
; ----- :. Altera USB-Blaster I (JTAG interface)
S ﬁ Altera USB-Blaster I (Systermn Conscle interface)

You should see a few LEDs light up on your DECA including the blue LED labeled 3. 3V and the green LED labeled
CONF_D.

If the Device Manager shows an unconfigured USB Blaster, if Windows tries to look for drivers,
@ or if the LEDs on the DECA do not light up, ask your workshop trainer for help.

72 Max10 DECA Workshop Manual

N\NOW AGERA. WSS s Five Years Out



LAB 2. Qsys Introduction Lab

In the Programmer window, click Hardware Setup and double-click the Arrow MAX10 DECA entry in the
Hardware pane. The Currently Selected Hardware drop-down should now show Arrow MAX10 DECA [USB-
1]. Depending on your PC, the USB port number may be different. Click Close.

. - —— | &%

2.6.2.4

% Hardware Setup

Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: [.-!u'ruw MAX 10 DECA [USB-1] - ]

Available hardware items

Hardware SErvVer Port Add Hardware...
Arrow MAX 10 DECA Local USE-1

Close

2.6.2.5 The programming window should now have a Hardware Setup such as:
\v FlugEdl['l!'EK:[ = dILErd_LIn_idoLy LUE.FIE\"E! s lUE.'PEVEE = AT |

File Edit WView Processing Tools Window Help &

%, Hardware Setup...| Arrow MAX 10 DECA [USE-1]

[ Enable real-time ISP to allow background programming when available

T File Device Checksum Usercode
bl Start

@ Stop

2.6.2.6  Click "Add File..." and navigate to <pr oj ect _di rect ory>/ out put _fil es/ in your compilation
directory. Open the t op_I evel . sof file.

The window should now look like this:
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o ey

Searcl abera @

S bandmare Selup.. | MTIw MAY 10 DECH [L5B-1] voce: [ITaG - Progrese %
o

[7] Enzble real-trme I2P to alow bacsground programming when svalablz

oy =le Denlz= Zhedeum Leercoce Srog-am( Ve Elank- Examrine Seautty  Erace =P
Confgu-= Chack Et

CLAMP
suput filestop leveloaf  IUMBUCA-$8ealibs  LU3ebaek S 7

—— O
Hz =dit Vew brocecsng ol Wndow  Heb  5)

i 5top

[ Ade File...

o -
3 Azd Davizz... |
i

T Down

2.6.2.7 Make sure the Program/Configure checkbox is checked and click Start to program the DECA. You should

see the CONF_D LED toggle briefly to indicate that the configuration is complete and the Progress bar should
reach 100% (Successful).

Progress: [ 100%6 (Successful)

2.7 Testing your design

2.7.1 Debugging a Qsys Design

After completing an FPGA design, there are a variety of ways to test the functionality. We will be using System
Console to test our design. System Console is a low level hardware debug tool that is built with Tcl and it runs Tcl
scripts and commands. We can communicate to System Console through our JTAG connection.

There are several ways to launch System Console. (either the Tools = System Debug Tools = System
Console..., or via Qsys). For the lab, we will be using Qsys.
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2.7.1.1 Launch Qsys (Tools = Qsys)

LAB 2. Qsys Introduction Lab

2.7.1.2 Openthetest sys top_qgsys. qsys file (you may need to browse to your top-level project folder)

2.7.1.3 Within Qsys, use the menu to select Tools = System Console.

2.7.1.4 A new window will appear as shown:

M Syst=m Console - Toolkizs
_I:lre lock: :’E|_E .
System Explorer o] | Tookks X |

. /| 4 : ADC Toollat [Bota)

2 The ADC Toolkit slowe tor the evalusdon ot ADC eigna path pertormance.

designz
design_instanzes ff | 140 3ssociated hardnars cetacted,

S ruinls

Bus Aualycer (Bela)
The Dus Arzlyzer pravides r=a-ime performance analysis of bus tafficin the sysem,

Launch

Transceivar Configuration Console

The TransrAiver Canficiratnn Corene preudes the ahiity o confoire tansrewer ragirer space and ~ead he TARErelver 17T d ring rontire.

Iranscever loollat

The Transreiver Trolkit | a pawasfid ranerplvs v=rHAration fonl thas ran 7 ickhy analyze the raretele=r 2gna qualty #nd perfarmance.

lanch

Fefesk Cannectiors

@ Aulo lrkry 10M30DAL |ES) [10% SOC{CIF)@ L £ J58- 144 o MAX 10 CECA w Lup_Jevelsul
@ Tinished discavaring L0 correctizs In AfcIt-on, TRE 1 ractory <JIATTLS
() Excauting startus scrist Origltera 25, Dquartus'sope_build=-lsy3zem_corsoc\aeriptsizystem_conzele_retc

'+, The corptcceen tesiet: CriUsers| A4278<\syetem_conzole\gyetem_console_rc.td. You can cuctomize System Conzole by...

acoean the Functionality provided. You
scripts by 13suing Lol scurce commands.

Messages o’ || Td Consolz o
(@ Himizhed nihal zaban * Tn ANIFE Arh =rary 1RATTICTICN TAJISTET and fATA TRJISTET Walies Tn +
@Flnlzhpd daraw=ring TTAS rerrectiang irstenciatec syster level debug [JLD) rodes

cuialaing Tul Liles hal provide miscellapevus ulilities aod exaoplzs of huw Lo

nr/anpr_nil [APTSIPITFM_conan e anrinha

cor inelude thoac mocroa in your
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2.7.1.5 You can close the Toolkits tab as Toolkits will not be used in this design. Your window should now look
like this:

Pt laoh Hep
| swstem bxdarer =
b
B et
[ —

.

Messeyes o' | Tul Consule c’
£ -named medleatan = To ghofT ArbITIArY lnatructlon reglater end daca ragiscar valias oo =
i msmed smeueneg AL Soneecons _oslank_aled svelen Zevel debuy (31D) oodes

5 nsed =meueneg L cennschens

(@ Tosnting stzrap seipt Calmra | 15.0\quarkss soze_buldsrisvster_censols seriphssyshen_sonsse_e = T At tonn, £he d-TRCEOTY STUATERS | PATIA00C B dersaytham onasle/esrisbe
0 Tl sl does 'L sl €2l 2| 3427840 sl o schebvsoon corselz re bl Youcen s b Syslen Tagude b, | | OTTERTTA TR 7oA BRaT prawidn mace | laneana R ITE121 a0 cRnInlta oF o R
@cccad the functional Tty provided. You can includ: ch2d2 JAZE3D In yaur
BCIZpT2 by _zaung Tl scurce commends.

3

1

2.7.1.6  To interact with the Qsys peripherals you can manually type TCL commands in the console window. For
the purposes of this lab, several TCL scripts were created to automate this process.

2.7.1.7 There are two ways to launch TCL scripts. Either from the TCL console using source nyscript.tcl,
or via the menu File & Execute Script

2.7.1.8 Launch the first TCL script, led_shifting.tcl, by typing: source | ed_shi fti ng. tcl

2.7.1.9 There will be an extremely fast LED shifting. (If you miss the shift, rerun the last TCL command by
pressing the up arrow, then enter, or typing source | ed_shi fti ng. tcl again

2.7.1.10 Open the led_shifting.tcl in either Quartus Il or your favorite text editor. Review the code

2.7.1.11 Modify the TCL script parameters section, specifically del ay and cycl es:

# 5=t the walues to write to the LED pio.

ger led wals {1 2 4 8 16 32 &4 128 178 64 32 16 & 2 2 1}
set delay 30000

set cycles 2

set max loop count [ expr fcyclesz * 1§ ]
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2.7.1.12 Experiment by changing the delay (say 120000), the number of cycles, or even the led_vals parameter.
Save the TCL script and rerun the TCL in the System Console window as before.

2.8 System Console - Dashboards

2.8.1 Push Button Dashboard

2.8.1.1 With System Console, Dashboards can be displayed for visual diagnostics or controls.

2.8.1.2 We have to first setup the Push Button dashboard, by typing sour ce PB_dashboard. t cl

There will be no dashboard available yet as we need to launch it

2.8.1.3 Launch the Push Button dashboard by calling the function. Type: : : pbPI G : dashBoard

Tel Console T

13

* To shift arbitrary instruction register and data register wvalues to
instantiated system lewvel debug (5LD) nodes

In addition, the directory <QuartusII Dir»/sopc builder/system console macros
containa Tcl files that provide miscellaneous utilities and examples of how to
access the functionality provided. You can include those macros in your
scripts by issuing Tcl source commands.

m

% ::pbPID::dastharﬂ

1|

The current state of the LEDs is dark green and there is a zero for the PB Input History.

2.8.1.4 The next step is to see what happens if the pushbutton was selected. This is a two step process. The first
step is to type : : pbPI O : dashBoar d, but do not press Enter until you hold down the push button (KEYO).
The KEYO button is the right button located under the power connector.
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2.8.1.5 While holding the push-button, press enter to re-launch the Push Button Dashboard

You should now see the dashboard led illuminated. You can release the push-button as the value has been stored
for display.

2.8.2 Temperature Dashboard

2.8.2.1 To view the temperature, we will launch the new dashboard. To do so, we have to setup the dashboard
first

2.8.2.2 Type source Ther m SPI _dashboard. t cl

2.8.2.3 Launch the temperature sensor dashboard by typing: : : t her nSPI : : dashBoar d, and pressing enter

A dashboard will appear showing the temperature of the hot area of the board (where the power supplies reside)

CONGRATULATIONS!
YOU HAVE COMPLETED THE QSYS INTRODUCTION LAB!
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