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LAB 5. MAX10 ADC Data Capture

LAB 5. MAX10 ADC DATA CAPTURE

Overview: The purpose of this lab is to learn about the basic architecture and configuration options for the MAX
10 ADC.

In this lab you will implement the MAX 10 ADC hard IP in a design. In the first part of the lab, you will implement a
simple hardware-only streaming design. This design samples an incoming analog waveform on the LINE_IN
connector, and displays the amplitude of that signal using the LEDs on the DECA kit. You will also observe the data
with the ADC toolkit and with the SignalTap Logic analyzer.

For the second part of the lab, you will replace the simple hardware driver with a Nios processor system. This Nios
based system will perform the same function as the hardware-only lab, but does it with software running in the Nios
processor. SignalTap is also used to observe the system operation.

Simple Hardware-Only Streaming Lab Block Diagram::

Clock -
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Nios Processor Lab Block Diagram::
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LAB 5. MAX10 ADC Data Capture

5.1 Getting Started

Overview: The first objective is to ensure that you have all of the necessary hardware items and software installed
so that the lab can be completed successfully.

Below is a list of items required to complete this lab:
Arrow DECA Evaluation Kit
USB cable
2.5mm Audio cable
Analog Signal Generator (Smart phone with Waveform App will work)
Lab files
Quartus 1l 15.0 Design Software

Personal computer or laptop running Windows 7 with at least an Intel i3 core (or equivalent),
4 GB of RAM, and 12 GB of free hard disk space

A desire to learn

If you are missing one of these items, please your instructor know. Instructions for how to download Quartus can be
found in the Appendix.

5.1.1 Prepare the analog Signal Source

This lab requires an analog signal source. A smart phone with a Waveform generator app will work, although you
should not expect good results for the linearity measurement portion of the Lab. If you are using a smart phone for
this lab, please prepare it now by downloading and installing an appropriate application. For best results, choose an
app that can generate sinewaves, and permits manually entering the desired frequency. Waveform Generator Lite
and Frequency Sound Generator are two possible options.

If your laptop has a headphone jack, you can use it to generate a sine wave from: http://onlinetonegenerator.com/

5.2 ADC Core overview

Altera supports four configuration variants of the ADC core:
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LAB 5. MAX10 ADC Data Capture

Configuration 1: Standard Sequencer with Avalon-MM Sample Storage

In this configuration variant, you can use the standard sequencer micro core with internal on-chip
RAM for storing ADC samples.

peripheral clock —
peripheral reset —
(SR

altera_adc

altera_adc_sequencer

(SR

SRC

command

altera_adc_control

5 ]

altera_adc_sample_store

Tesponse

sk | [ SKC

B ET

— adc_pll_clock
(clock from dedicated PLL)
— adc_pll_locked
(locked signal from dedicated PLL)

Configuration 2: Standard Sequencer with Avalon-MM Sample Storage and Threshold

Violation Detection

In this configuration variant, you can use the standard sequencer micro core with internal on-chip
RAM for storing ADC samples with the additional capability of detecting threshold violation.

«— adc_pll_dlock
(clock from dedicated PLL)
le— adc_pll_locked
(locked signal from dedicated PLL)

altera_adc
peripheral dock —f altera_adc_sequencer altera_adc_control
peripheral reset —
(SR S spc —command o] [ SR
i fesponse
altera_adc_sample_store Pwalon[ﬂ Splitter
are
response
. 5 | SHK - sic | [ MK
IRQ SRC
altera_adc_threshold_detect
fesponse
threshold SRC SNK
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LAB 5. MAX10 ADC Data Capture

Configuration 3: Standard Sequencer with External Sample Storage

In this configuration variant, you can use the standard sequencer micro core and store the ADC
samples in external storage.

; altera_adc «— adc_pll_clock
EE:EEEE} 12{; _ (clock from dedicated PLL)
altera_adc_sequencer altera_adc_control «— adc_pll_locked
(locked signal from dedicated PLL)
(SR 5 SRC ommand SHK | | SRC » TESPONSE

Configuration 4: ADC Control Core Only

In this configuration variant, the Altera Modular ADC generates only the ADC control core.

eripheral clock —] altera_adc «— adc_pll_dock
i (clock from dedicated PLL]
peripheral reset —|
altera_adc_control «— adc_pll_locked
(locked signal from dedicated PLL)
command SNK | | SRC » response

5.3 Create a Simple ADC system; no Nios required

For the first part of this lab, we will be building a Configuration 3 variant of the ADC core. In this variant, the data
streams out of the ADC, and the user application handles the storing of data samples. For this lab, we will simply
reformat the data with a simple Verilog application, and display it on the LEDs in real time to make a digital volume
meter, without buffering.

5.3.1 Open the Quartus Project

In this section you will use an existing Quartus project, and build a Qsys system that contains a Modular ADC. The
top level Verilog design file along with pin assignments has been constructed for you.

Version 15.0 205

NN\OW  AGERA, WPTexAs e Five Years Out



LAB 5. MAX10 ADC Data Capture

5.3.1.1 Launch Quartus, version 15.0
5.3.1.2 Open the Quartus project for this lab: File > Open Project

5.3.1.3 Browseto<l ocation of |ab>/5_ADC Lab/ADC Stream ng_Lab/ ADC Streani ng_Lab. qpf and
Click Open

5.3.2 Build the Qsys system

A

When Qsys opens, you should have an almost empty system, with the exception of one Clock
Source component. Next, you will add several more components to this system.

5.3.2.1 Launch Qsys: Click Tools = Qsys (or use the Qsys tool bar icon

5.3.2.2 Save this Qsys file as adc_qgsys. gqsys

5.3.2.3 Add Clock Source Component
This component should already be present as a default in all new systems. If not, you can add it
using the IP catalog by searching for Clock Source. The input frequency to the system is 50MHz

5.3.2.4 Add Avalon ALTPLL

Add an Avalon PLL. This PLL will receive the board clock at 50 MHZ, and generate a 10MHZ clock
for the ADC, and a 50MHz clock for the user logic.

IP Catalog = Basic Functions = Clocks; Plls and Resets » PLL 2 Avalon ALTPLL

Set the input frequency to 50MHz (MegaWizard Plug-In Manager [Page 1 of 11])

206 Max10 DECA Workshop Manual
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LAB 5. MAX10 ADC Data Capture

\ MegaWizard Plug-In Manager [page 1 of 11].'

Bandwidth/55 Clock switchover

Currently selected device family: | sy 10 v

Match project/default

Able to implement the requested PLL

General

Which device speed grade will you be using? Any -

Use military temperature range devices only

What is the frequency of the indk0 input? I 50 I MHz «

Setup PLL in LVDS mode Data rate: [Not Available Mbps
PLL Type
Which PLL type will you be using?

Fast PLL Enhanced PLL @ Select the PLL type automatically

Operation Mode
How will the PLL outputs be generated?
@ Use the feedback path inside the PLL
@ Innormal mode
(7} In source-synchronous compensation Mode
(7 In zero delay buffer mode
Connect the fbmimic port (bidirectional)
(7 with no compensation

Create an 'fbin’ input for an external feedback (External Feedback Mode)

Which output dock will be compensated for?

[ cancel |[ <Back || Mext> |[ mnish |

Uncheck the box for Create an 'areset’ input (MegaWizard Plug-In Manager [Page 2 of 11])
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LAB 5. MAX10 ADC Data Capture

“« MegaWizard Plug-In Manager [page 2 af.'ll].'

Bandwidth/55

Able to implement the requested PLL

Optional Inputs
Create an 'pllena’ input to selectively enable the PLL

reate an 'areset’ input to asynchronously reset the PLL
[ Create an 'pfdena’ input to selectively enable the phase/frequency detector

Lock Qutput
[¥] Create ‘locked' output

Enable self-reset on loss lock

Advanced Parameters
Using these parameters is recommended for advanced users only

Create output file{s) using the ‘Advanced’ PLL parameters

- Configurations with output dodk{s) that use cascade counters are not supported

Avalon Bus connectivity
[ Use a separate dock input for Avalon bus connections

| cancel || <Back || next> || Fiish |

Set the output frequency of clk c0 to 10 MHz (MegaWizard Plug-In Manager [page 6 of 11])
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LAB 5. MAX10 ADC Data Capture

“« MegaWizard Plug-In Manager [page 6 of11]

=

dkcz

inclkl

Able to implement the requested PLL

Use this dodk
Clock Tap Settings
@ Enter output dock frequency:
() Enter output dock parameters:
Clodk multiplication factor

Clodk division factor

Clodk phase shift

Clodk duty cyde (36)

Mote: The displayed internal settings of the
PLL iz recommended for use by advanced
users only

c0 - Core/External Output Clock

Reguested Settings Actual Settings

10 MHz - 10000000

1 : | 1
0.00 = 0.00

50.00 = 50,00
Description Val +
Primary dock YCO frequency (MHz) 6.
Modulus for M counter 12 b
" |I_l' S I'__i "y

Per Clock Feasibility Indicators
ch

| cancel || <Back || next> || Fiish |
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LAB 5. MAX10 ADC Data Capture

Set the output frequency of clk c1to 50 MHz (MegaWizard Plug-In Manager [page 7 of 11])

“ MegaWizard Plug-In Manager [page 7 of 11]

=

&) ALTPLL

dkcd

inclkl

equency’ o
ation Mode: Mo

Clk | Raticf

al us

c1 - Core/lExternal Output Clock
Able to implement the requested PLL

Use this dock
Clock Tap Settings

210
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Requested Settings Actual Settings
@ Enter output dock frequency: I 50 IJIHz A ] 50.000000
() Enter output dock parameters:
1 ; 1
Clodk multiplication factor = - |
Clodk division factor 1 = |11
Clock phase shift 0.00 | 0.00
Clock duty cyde (%) 50.00 B 50.00
Description val. ~
i [
Mote: The displayed internal settings of the Prmary dodk VCOH frequency (M) b o
PLL iz recommended for use by advanced Modulus for M counter iz [
users only - ——= G — e
| |

Per Clock Feasibility Indicators
ol © & &

| Cancel || < Back || Mext = || Finish |
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Click Finish, and then Finish again to complete the PLL configuration.

5.3.2.5 Add the Modular ADC Core from the IP Catalog.

LAB 5. MAX10 ADC Data Capture

Locate the ADC core under Processors and Peripherals = Peripherals - Altera Modular ADC
Core, or simply type ADC in the search box. Click Add

Set the Core Variant to Standard sequencer with external sample storage

Set the IP for 2nd ADC. The line input is connected to Channel 5 of ADC 2. Note all other
inputs on the DECA board are fed to ADC 1

On the Channels Tab, check the boxes to use Channel 0, Channel 1, and Channel 5. The
Audio signal is connected to ADC 2, Channel 5. To demonstrate the sequencer, we are also
enabling channel 0 and 1, but there will be no input signal on these channels.

A Altera Modular ADC core - modular_adc_0

%&  Altera Modular ADC core
Mogators’ altera_modular_adc
4 4
|~ Block Diagram | W | General | S
Show signal
[] Show signals [+ Core Conly
Core Variant: Standard sequencer with external sample storage I
modular_ade_0 :
o Debug Path: Enabled « |
&,Ckiclock avalon_streaming e A |v 1P G
eset_sink 5 Generate IP for which ADCs of this devioe?:l_'md ADC I
Edc pll_clock clock |v =
adc_pl locked | . ADC Input Clock: 10Mhz + ]
= dEncelBST__ Lovalon FRer
attera_modular_ads Reference Voltage Source: e
External Reference Voltage: 35 "
Channels [Sequenoer I
CHO | cH1 | ez [ cra | ora | eHs | s | eH7 [ chs [ Mo TaD
Fa 10
Use Channel 0 (Dedicated analog input pin - ANAIN)
1l wlll, I ¥
@ Error: modular_adc_0: Sequencer Slot 1is pointing to Channel which is not available in current selected device part. Please re-configure Sequencer Slot 1. -
+, Warning: modular_adc_0: Error converting csd slot value 30 to string output code. s
. Warning: modular adc 0.adc monitor internal.core: Unknown dock rate; 10.0 ms startup delay will be computed assuming a dock rate of 50MHz. ik
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LAB 5. MAX10 ADC Data Capture

On the Sequencer Tab, select the number of slots to use as 4

On the Sequencer tab, set the conversion sequence as follows:

Slot 1 CHO
Slot 2 CH5
Slot 3 CH1
Slot 4 CH5

Verify your configuration matches the screenshot below, and click Finish

£ Akera Madilar ADC cnre - r!m:iul‘a_ndr_“ﬂ

Altara Modular ADC core |

RS |} | =2 coneration @
[~ show signals Generate I for which ADCs of this device™ [ 374 Apc. » |
modular_ade_C [+ Gocks S
AL Lrput Clock: 1IMhz Tl
ock AT —..- |
eset_sink resst Reference Voltage 5=our0e.- Cxternal + |
E:!C_EII_:IOCIZ lack Fyternal 2eference Unl-age: 2 5 o I0";
E:!c kll_ocked i
gacuencer csr | oL Channels | Sequencer
— altera_odular_ade |‘ Conversion Scquence Length 1
MNumoer of slotused:[ 4 .
|- G i Ch
Slot1: leHo |
Slot2: ;a e ]
Slot3: c1 i
Sint 4 : .ECH e ] i
-
| n 2

4. Warning: modular_adc_0.adc_menitor_internal.core: Unknown dock rate; 10.0ms startup delay will be computed assumirg a dock rase of 50M-z,

-

@ nfo: modular_adc_o.control_inter p fst_splitter_| n: The sink has a empty sanal of Lbits, but the source does not, Avalon-5T Adaper will be Inserted. =
@D Info: modular adc O.st splitter internaloutl/adc menitor internalade data: The source Fas a enpty signal of 1 bits, bus the sink does not. Avaon-ST Acarter will be insarted. =

Canczl Finigh
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LAB 5. MAX10 ADC Data Capture

5.3.2.6  Add the LED_Streaming_Driver.

This is a custom component that is be located in the DECA Labs folder of the IP Catalog. There are
no configurable options for this component, so just click Finish

If you want to inspect the verilog code for this component, it is located in the IP directory. In
summary, this component has three interfaces:

An Avalon memory mapped master for writing commands to the ADC sequencer control and
status register. After coming out of reset, the LED Driver performs a single write to the ADC
sequencer to put the ADC in continuous acquisition run mode.

An Avalon streaming sink to receive the data from the ADC "response" streaming source. The
LED driver receives the data and channel information, so it can ignore other channels, if they
are enabled. The Audio LINE_IN signal is on channel 5.

An exported conduit that drives the board LEDs. The value output is based on the analog
level received from the ADC

5.3.3 Complete the Qsys system

At this time, you should have four components in the system, with 7 Errors in the messages tab.
Now we are going to connect the components together.

5.3.3.1 Connect the clock, data, and IRQ connections.

Using the screenshot below, connect the Qsys components. Pay careful attention to the clock
connection to the ADC core. Note in the screen shot, the "Show clock domains in the system table”
is enabled. This option displays each clock domain in a different color, and can be helpful in
identifying unintentional clock domain crossings.

5.3.3.2 Name the Qsys components.

Right click on the component name (or use keyboard shortcut Ctrl-R). The names of the
components must be entered exactly as shown if you want to use the SignalTap portion of this lab.
The names should be:

clk in

system cl k

ADC

LED Streamni ng_Driver

5.3.3.3  Export the LED bus.

Double click in the export column to export the conduit out of the LED driver. This will connect to
the LED pins at the top level. Name this conduit | ed_out

5.3.4 Verify your system
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LAB 5. MAX10 ADC Data Capture

When complete, your system should look like the screenshot below: You will still have 3 warnings about ports that
have been left unconnected. You can safely ignore these warnings.

1= system Contents %l AddressMap &2 | Parameters &% | Interconnect Requirements &3 |

& ‘_‘i System: adc_gsys Path: altpll_0

Use

|

W X5

4 P N
=

]

=
=l

Connections Name
I B clk_in
i _in
CH ck_in_reset
dk
[ B system_clk
— inclk_interface
.- inclk_interface_reset
pll_slave
4<| @
= e cl
areset_conduit
locked _conduit
phasedone_conduit
dock
| reset_sink
adc_pll_dock
L adc_pll_locked
0—>| sequencer_csr
— response
[ |E LED_Streaming_Driver |
—)I avalon_streaming_sink
— avalon_master
o—)l dock
0—;_‘ reset
conduit

Description

Clock Source

Clock Input

Reset Input

Clock Qutput

Reset Output

Avalon ALTPLL

Clock Input

Reset Input

Awalon Memory Mapped Slave
Clock Qutput

Clock Qutput

Conduit

Conduit

Conduit

Altera Modular ADC core
Clock Input

Reset Input

Clock Input

Conduit

Avalon Memory Mapped Slave
Avalon Streaming Source

LED _Streaming_Driver

Avalon Streaming Sink

Avalon Memory Mapped Master
Clock Input

Reset Input

Conduit

Export

ok

Clock

exported

ck_in

clk_in
[inclk_interface]
[inclk_interface]
system_clk_c0
system_dk_c1

system_clk_c1
[cock]
system_clk_c0

[dodk]
[dodk]

[clock]
[dock]
system_clk_c1
[clock]

[dock]

1|

1}

Base End

0x0000 0x0007

[

3 ? t‘% Current filter: All Interfaces

5.3.5 Generate the Qsys System

If your system matches, click Generate HDL to generate the system. Choose Verilog as the language for synthesis.
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LAB 5. MAX10 ADC Data Capture

Set the output Directory path to <pr oj ect Di rectory>/ adc_qsys and click generate.

[l
t o

Generation

=

[~ Synthesis

Synthesis files are used to compile the system in & Quartus II project.
Create HOL design files for synthesis: .'u'eril.og o

[] Ereate timing and resource estimates for third-party EDA synthesis tools.!

[¥] Create blodk symbol file {.bsf)

|1r

Simulation

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

Create simulation model: P
Allow mixed-anguaage simulation

Enable this if your simulator supports mixed{anguage simulation,

|1r

Dutput Directory

Path: C:/DECAADC_Streaming_Labfadc_gsys

(=]

Generate ” Cancel ]

The Generation process window will appear, and the progress will be displayed; generation takes a few minutes for
this system. When complete, click Close.

Version 15.0
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LAB 5. MAX10 ADC Data Capture

5.3.6 Compile the design in Quartus

5.3.6.1 Add the Quartus IP file (.qip) file to the project: Project = Add/Remove Files to Project
Note: When you finished generating the Qsys system, you may have seen a dialog box that
reminded you to add the Quartus IP file to the project. That is what we are doing now.

Click on the EJ button to browse to the adc_qsys/ synt hesi s/ adc_qsys. qi p file. Don't
forget to click Add after selecting the file. Click OK.

Files

Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to

the project.
File name: | adc_gsys/synthesisfadc_gsys. gip| ) Add
File Mame Type Library  Design Entry/Synthesis Tool Add Al '
DECA.5DC Synopsys Design Constraints File <Mone >
Deca_tap.stp SignalTap II Logic Analyzer File <Mone = Remowve
db/DECA.cmp.rdb Other =Mone=
Up
Down
Properties

) (i) [ ooy

5.3.6.2 Start the Compile: Processing = Start Compilation (or click the compile icon » on the toolbar)
5.3.7 Connect the Hardware

5.3.7.1 Connect the Audio Cable

Connect the 2.5mm cable from the signal generator (smart phone) to the Line in jack of the DECA board. This is J2
on the DECA board (blue jack).

5.3.7.2 Connect the USB Cable
Plug the USB cable into the on-board USB blaster Il. This is J10 on the board

216 Max10 DECA Workshop Manual
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LAB 5. MAX10 ADC Data Capture

‘/ Audio Line Input

LUSE Blaster

' &7

5.3.8 Test the Hardware

5.3.8.1  Open the Quartus Programmer: Tools = Programmer, or click the programmer icon % in the toolbar

Confirm the Programing hardware: Arrow MAX 10 DECA should appear in the programming hardware window. If it
says “No Hardware”, the programmer hardware will need to be configured. See the Appendix, Chapter 9.3
Configure the Quartus the programmer for detailed instructions.

[_-‘-,;, Hardware Setup.. ] Arrow MAX 10 DECA [USB-1]

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

5.3.8.2  Add the programming file: click Add file, and browse to the ADC_St r eam ng_Lab. sof file in the
out put _fil es directory.

5.3.8.3  Verify the Program / Configure box is checked.

If your screen matches the one below, press the Start button. Programming is very fast (~2 seconds). Confirm the
Progress is 100% (Successful)

Version 15.0 217
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LAB 5. MAX10 ADC Data Capture

¥ Programmer - C:/DATA/AlteralLiterature/Maxl0/DECA/ADC_Streaming_Lab/ADC_Streaming_Lab - ADC_Streami... ==

Fle Edit View Processing Tools Window Hep & Search altera.com @
_j. Hardware Setup... [| Arrow MAX 10 DECA [USB-1] Mode: [JTNE - ] Progress: [ ]
[] Enable real-time ISP to allow backoround programming when available
I File Device Checksum Usercode Program/ Verify
il Start Configure
T— output_files/ADC_Streaming_Lab.sof I 10MSODAF434CEGES  005D468A 005D46EA
= |

4 Auto Detect

& Delete

(Mo Add File...

i‘_"’_’,‘ Change File....'

. gl Save Fi.In;:

[ Add Device...
i up

ﬂ.‘Eﬂ Down

10MS0DAF434ES
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LAB 5. MAX10 ADC Data Capture

5.3.8.4  Save the programming configuration: File = Save As. If you name the configuration file with the same
name as the project, it will automatically open when you open the programmer. Browse to the project
directory, name the file: ADC_St r eami ng_Lab. cdf , and click Save to continue.

Save As
Savein: |‘ ; ADC_Streaming_Lab _'_| = ITF EH~
e Mame : Date modified Type :
oo St g j
Hecerrth'Iaces (sys_edit 41772015 10:25 PM Ffle folder
adc_gsys 4/18/2015 8:46 AM  File folder
4 db 4/22/20151032 PM  File folder
Desktop J incremental_db 41772015 11:51 PM File folder
— L ip 4/20/2015 2:11 AM  File folder
. ;m_\._i , output_files 4/18/201510:10 PM - File folder
Libraries
A
LES754
e,
@
Metwork

1 [; m

: p
File name: JADC_Streaming_Lab.n:df g Save |
Save as type: |Chain Description Files (* cdf) | Cancel

v Add file to cument project

5.3.9 Verify operation using the ADC Toolkit

5.3.9.1 Open system console: in Quartus, Tools = System Debugging =System Console. Or alternatively,
from Qsys: Tools 2 System Console

5.3.9.2 Launch the ADC tool kit by pressing the Launch button.

NOTE: if Launch does not become available by default you will need to click “Load Design” and point
ﬂ%’ to the SOF file that is configured into the device. System Console will use SOF file data to match
with JTAG debug target in the FPGA

adc_gsys:u0fadc_ ,_adczadcfadc_gsys_adc_adc_monitor_internakadc_monitor_internal/altera_trace_adc_monitor_core:core
Arrow MaX 10 DECA on localhost [USE-1]
10M50DA(. |ES) | 10ME0D(CIF) @1
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LAB 5. MAX10 ADC Data Capture

5.3.9.3 Inthe Frequency Select tab, select the ADC channel to evaluate. The Line-In jack is connected to channel
5, so select channel 5. Press Calculate. This will tell you the frequencies required for the Signal Quality
Test and the Linearity Test.

ADC: Toolkit Compatible Design Found

Frequency Selection | seope | signal Quality | Linearity |

Choose Desired Source Signal Freguency Mearest Required Sine Wave Freguency
ADC Channel: signal Quality Test
Sample Size (bits): 4096
Use Frequency (Hz):  Enter Desired Freq
sample Frequency {Hz): 500000.00

Desired Frequency (Hz): | 1000 Ewseciby A st

Caloulate Use Frequency (Hz):  Enter Desired Freq
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5.3.9.4 Go to the Scope tab.
5.3.9.5 Confirm that ADC Channel 5 is selected. Click Run to begin acquiring data from the ADC

5.3.9.6  Start the Signal Generator (or Waveform Generator app on your smart phone). Select a waveform to
output, and you should see the waveform appear on the Oscilloscope window.

[Toalkits| ADC Toolkit (Beta) 0 01 X |
ADC: Toolkit Compatible Design Found

| Fregquency Salecﬁon| Scope i Signal Quality I Linearityl

Scope Settings Signal Information

ADC Channek 5 Voltage PtoP: 1.1526 VW
Max Voltage:  2.2595V
Min Voltage: 1.1068 V
Sample Frequency (Hz): | 500000.00 Code Span: 1888
Ref Voltage (Volts): 2.5 Max Code: 3701

= Min Code: 1813
Fregquency: 1500 Hz

Sample Size (bits): 4096

Osdiloscope | Raw Data

Osciloscope

270

.00

3B

1.50

1.25

Vaolks

1.00

075

0.50

0:25

0.00

1] 250 500 750 1,000 1,250 1,500 1,730 2,000 23250 2,500 2,750 3,000 3,250 3,500 3,750 4,000 4,250
Sample #
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5.3.9.7 Click Stop to move to the next section

5.3.9.8  Switch to the Signal Quality tab. Click Run to perform a Frequency Response Measurement: To zoom,
click and drag a portion of the graph, i.e. grab the top left and drag to the region edge on the right to zoom.
If you want to see the raw data that was measured for this plot, click on the Raw Data tab. Note for these
measurements, it is critical that the frequency output from the signal source matches exactly the frequency
calculated by the ADC toolkit. Since this is difficult without lab quality equipment, datasheet specifications
should not be expected.

[Toolkits| ADC Toolldt (Beta)0 O X i
ADC: Toolkit Compatible Design Found

| Frequency Selection | Scope | Signal Quality |—Linearityl

Signal Quality Test Settings Test Results
ADC Channek i Freqg: 15991.21Hz
SNR: 48.44dB
Sample Size (bits): 4036 THD: 56,63 dB
Sample Frequency (Hz): |500000.00 SFDR: 58.57dB
SINAD: 48.38 dB
Run ENOB:  7.74

{Frequency Response’| Raw Data |

Freguency Response

-30

-40

-50

-60

dB

-110

V] 25,000 50,000 75,000 100,000 125,000 150,000 175,000 200,000 225,000
Freguency Hz
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5.3.9.9 Switch to the Linearity tab. If you have a sine wave running, you will see a bathtub curve, showing the
number of samples collected at each ADC code. For an ideal sinewave, this will be a smooth curve. The
smart phone is not an ideal source.

Linearity Test Settings Test Results
ADC Channel: 5 hd Progress: 1000/1000
Sample Size (bits): 4096

Total Samples: 41000596
Sample Frequency (Hz): | 500000.00

Number of Samples: | 1000 DNL: +2.25(-1.00 LSB

Reset INL: +60.98/-6.90 L5B
Histogram | oL | 1L | Raw Data

ADC Code Histogram

9,000
8,500
8,000
7,500
7,000
6,500
6,000
5,500

5,000

4,500
4,000
3,500
3,000
2,500

Bin Count

2,000
1,500
1,000

500

1,730 2,000 2,250 2,500 2,730 3,000 3,250 3,500 3,730 4,000
Code

— ADC code distribution

5.3.10 LED Volume Meter design

The design we built contains a streaming LED driver, which decodes the ADC value into an LED bar graph in real
time. As you adjust the amplitude on your waveform generator, you may have noticed the LED bar graph changing
in amplitude. Adjust the volume now to confirm the functionality. In the design, we have two LEDs on as the "off"
condition, so even with no sound, you should see two LEDs.

5.3.10.1 If you are using a smart phone as your signal source, switch to t a music playing app, and you will see the
LEDs respond with a simple "VU meter" display.

5.3.11 Debug the design using Signal Tap Il

Max 10 is the first CPLD from Altera to support SignalTap, Altera’s embedded logic Analyzer. As part of the lab you
opened, a completed SignalTap system was included. In this section we will explore some of the basic SignalTap
capabilities.
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5.3.11.1 Open SignalTap: Tools = SignalTap Il Logic Analyzer

If you have already programmed the device, the system status should be "Ready to Acquire". If not, program the
device using the Quartus programmer, or use the programmer built into SignalTap.

NOTE: In some cases, Quartus Il Web-Edition will throw an error when launching SignalTap. Altera
n%) requires that you enable the TalkBack feature in order to use the SignalTap Il Logic Analyzer.

If so, follow these steps:

Go to the menu: Tools = Options and select the Category: Internet Connectivity. In the right-hand
pane, click the TalkBack Options... button then check the Enable sending TalkBack data to Altera
checkbox.

Click OK twice to close both the Quartus Il TalkBack dialog box as well as the Options dialog box.

5.3.11.2 Start the acquisition: Processing = Run Analysis, or by clicking on the Run Analysis icon in the
toolbar.
The SignalTap system included with the lab has been configured to trigger on a valid Channel 5

data response from the ADC. If your ADC is running correctly, the SignalTap system will trigger
instantly, and display the captured data. The result should look something like this.

SigrafTan I Logic Analyzer - C:/DATA/Altzra/Literazure/Ma.0/DECA/ADC _Stresming_Lab/ADC_Streaming_Lab - ADC_Strsaming_Lab - [Dzca_tap.stp]® =

u @

Fil=  Edil ¥ew Pupc Powesiog Toos  Wiooow  bBelp e

H H Aalee
Instznce Manager: |@ M d @ Rezdy to acquire % | JTAG Chain Configuration:  TTAS ready ®
e St DediniiEs 410 MO || s [Arew vax 10DECA [uss 3 -] [ zeto.. |
ﬂ avto_signaltsp_0 Mot running | 112¢ cells B02C1C
Device: | @1 JUMaUDAL [E5)/10MSLDE IF) [U3US1C5LILY) | | sezn chain |
507 Manager: | [ mramaxmﬂ:uEcn,fnnr:_streaming_Lab,fout;ut_ﬁles.fn.nc_streaming_Lab.sofEJ
e [ +
log: Trig @ 201504118 12:21:28 (0 0:0.2 slapzad) et dma
Type [Alias] Name I 128 0 28 256 3684 512 B40 768
i | -KEV[L.] ! 3
= | adc_gsys:uljade_gsys_ADCadclresponss_vald I | I I | I | | I | | I | I I | I I |
# | adc_gsys:uliade_csys_ADC:adclresponsz_startcfpacee! : | | | | |
4 | adc_gsys:uljadc_gsys_AUL:adciiespons:_sndo'packet | | | | |
S5 | El-ade_geye utjade_geye_~DC:zddreepones_chansl[4..C] ToonJoan] oon  [oonJoon] oon  [oonJoon] oon  JoonJooh  ooh  [ooafoon] oon |
= -I-adc gsysuliadc asys ADC:zddresponse date[11..00 Jooon[ocor[oaoafooch[300n[000n[030] COOR[000h 000K 000N]000-]000R 000N D[Dhlﬂ']ﬂ'll[ﬂ[h 000h]ooon[000R
A | adc_gsys:udjadc_gsys_ADC adCiSequUencer_csr_read
LS | adc_gsys:uljade_gsys ADC:adojsequencer_cer_write
.*_x aﬁc_qsys:quadc_csys_ADC:adcise_cu_enc_er_csr_a_c;drass )
% | adc_gsys:uljLCD_3trzamirg_Driver:led_streamng_driverreset_n
.*) arlr_qzyzuljl FN_Strzamirg_Nrverled_sfreamnng_driver S
o ] adc_qs_ys:l._lu‘,LE_D:S_traa_amirg_Driver:Ied__sh'_gam_r_lg__d_rivertqval_un__wr'rtg
_*-) odc_gaya:uljLED_Strzomirg_Driver:led_strcamng_driveriovalon_rcad —
| E H 0
[E | =-ade_asys uliLED_Streaming_Driverled_streamirg_drverireg_linein_cats[11.0] __2ch | i 92Bh ol 92Ct | 928 | gocn |
_{«s | El-adc_gsys utLED_Sireaming_Driveried_streaming_drvervol[T..q] : 03h
Fl [, 3
Al Jata LE Setup |
Hierarchy Dieplay: * 7] Datz Log: ﬂ >
4 I = ADC_Streaming_Lab |&] aum_signaltzp_0
4 [¥] ¥ ad_ysysd
[Vl # adc asys ADC:zdc
[#] #- LCD_STeaming_Driver:led_s...
|8 autc_sgnaltar_0

100%% 00:C5:04
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LAB 5. MAX10 ADC Data Capture

5.3.11.3 Observe the ADC sequence: response_startofpacket is asserted to indicate the start of a sequence, and
the response_channel bus provides the channel number. Insert a time bar by clicking above the timeline to
see the data values on the bus without having to zoom in.

Iog: Trig @ 20 S/04AE 10:36:37 [0:0:1 7 elapsed) [l =) Time Bar =—_p m

True |Alies } Nalrlc ‘QUO Value 20'1 32 .. &4 &6 128 “80 ie3 324
f> | | ade_gaya: uJ}:ldc q3Ya_ ﬁDC ndc’rcnpunac :ztl:rufpnd(ct o f"‘} a
X ade_gsys:uljade_gsys_ADC:adcjresponse_endofpacket 1 }

L Al 1 :
5‘2 | - adc_asysiubiedc_gsys_ADC:add esponse_shennzld. 0] “ igh »_ooh oth ] il [T 001 =
-2 | |t adc_gsys:uljzde_gays_ADCadc-esponae_dataf11.(] { S03h  000h 300h 1 000h 1 000h 000k 10Ch
*? sdc _geye quaﬂc C:sdcsse:ulencar car_l resd )
e | At amys 1 ade_qmys_A1 I adnissquencar_rar_wrte ] N B A »
3 R UHU LHE CH CHYS
| Jade gsys. u]&:dl. usvs ﬁDC ndm.;uclu.,-l s nlﬂn:.ss a

oo
f> | ade_goays:wl|_ED_Strcamny_Drives:cd_strcoming_driverircasi_n 1 =
e sdc _qeye:u){_ED_Streamny_Drive-:ed_streaming_driveriavalon_aaitrequest i
42 EBC 555"5 U}"_ED SUEEITIHI_DI'NE ed. SUEEI'HHD ﬂmeﬂﬂ\’ﬂl[ﬂ_ﬂl’l& a
.‘x | mic, ._gsys:iu){_[D_Ctreamng_Drive~: ed_streaming_driverfavalon_-ead o
By | 5.—'--acc_-}sya:uE[LED_Siresming_Dr'r.rsl'.Ier.‘_strasnhg_dr'r.rsr‘.rag_lhein_dsts['1..0} BFFE 3 00Oh ! 801 I BFFE 30Ch
32 | =1 anr_qeys ulll H1_=irezming_1irserien_straanng_arsenol] ;O iin i I v ] 1h L

4 = 3

—_ = T

5.3.11.4 Change the trigger condition. Most changes to SignalTap require a full recompile of the system. Some
changes, like the trigger condition, can be made without recompiling. Let's change the trigger to look for a
specific data value. Go to the Setup Tab, and enter EQO as the trigger condition for the reg_linein_data.

If you want to ensure you don't accidentally make a change that requires a full recompile, set the
Lock mode to "Allow trigger condition changes only".

trigger: 2015/04/19 10:28.44 #0 Lock mode: [@'Allow all changes - |
Node Data Enable | Trigger Enable |Trigger Conditions
Type Ainasl Name 49 49 1|/ | Basic AND i
2 _adc asys: uD’adc: Me&pnnse stértnfpacket . E - & [ ==
= adc_gsys:uljadc qsys ADC:adciresponse_endofpackst [ Fil . & : . §
_-g_«}} H adc _q=ys: uljadc_ qsys_ ADC Euictresponse channel[4 01 E - E| Dsh
= ¥l adc_gsys:uljade_gsys ADC:adciresponse_data[11..0] . & & [ ¥¥Xh
B :adc asys:uliadc_asys ADC: adc#sequencer csr_read [ E . W [ §
#® o adc_gsys:uljadc_gsys_ADC:adcizeguencer_csr_write [ ,3'_1| - E| : - §
2 :aﬁc QSYS'L-ID’Eld.C qsYE_ ﬁDb'aﬁﬁseﬂuencer C3l_ a&dress E i ﬁ
B adc_gsys:WO|LED_Streaming Driverled_streaming_driverireset_n [ & . & : . ==
# :adc qsys: ulJ‘LED Streamlng_Drn.r&r led_streaming_driverjavalon_ wartrequest [ E i [ [ §
= adc_gsys:uljLED_Streamin g_brrver.led_streamln g_driveriavalon_write & - & =
& ac-ic_qsys:l.-lﬂéLED_-S.t.reaming_bri-\rer:ie&_s;;freamiﬁg_ﬁrWéﬁavalﬁn_reaﬁ E - [ - ﬁ |
_E [ ﬁl.ilc_&.}sysl:uEIéLlED_Stre.amilng_Driver:I.&d_streaming_dr'n.'er[reg_llinein_data[‘l1..01 [ Ej . E| :
_-B + aﬁcﬁq&){s:.uﬂfLEIj__Streamiﬁ__g__._D.ri'..fer:I.ed._streamin_g_&f:r\;'er-ﬁvn!-ﬁ'..:DI E i ¥l [ ¥xh |

|ED313 | =8 Setup ||

5.3.11.5 Run Analysis again

NOTE: if the Run Analysis option is greyed out, confirm that you have an instance selected in the
Instance manager window.
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This time, the system may not trigger immediately, depending on the input level from your signal
source. Turn the volume up, and the system should trigger. If not, try a lower trigger value, like
900h

That completes this portion of the Lab.

5.4 Create a software acquisition system, using Nios

In this section of the lab, you will use a Nios processor to read data from the modular ADC, and send that data to a
Parallel 10 peripheral that drives the LEDs. The overall function of this system is similar to the streaming system, but
uses a Nios instead of dedicated hardware.

To convert the system, you will remove the Streaming LED controller and replace it with a complete Nios processor
Subsystem. Since Nios will require a memory mapped interface vs. a Streaming interface, you will also reconfigure
the Modular ADC core to output the data in a memory mapped format.

A second set of files have been provided as a starting point for this section. You could start with the
ﬂ%’ files created during the streaming lab, but the SignalTap signals are different, so it will be much easier
to start with the provided lab files.

As a reminder, here is what the system looked like in the first section of this lab:

’t: Syste Lontents 23] Addressmap 23 | Interconnect kecurements 2% | =]
x| |a } System: zdc_gsys  Path: dk_in
4R |IJ:P Camertions Name Nesrription Sxport Tlack 3mse Fnd
L
b4 - dk_in Clock Input elle exportad
'E:J L~ dk_in_reset Hesat Inpu: reset
E ke Clock Onatput lk_in
o~ —_—— dk_reset Resst Output
= ] A system_clk Avzlon ALTALL
et * ik _ril=r facs Cluck Inpul wlk_im
= nck nterfacz reset  ResetInpu: Indk interf...
pll_slave Avzlon Memory Mapped Slave [ndlk_interf...
fui] Clock Qutput systen_dk_cl
—_— cl Clodk Output eystern_dk_ct
areset_conduit Corduit
bceed_corduit Cordut
phasedone_condut Cordut
] A1 aDc Altera Modular ADC core
ok Cluck Ipul ysLlem_dl.
L reset sink Resst Inpu: [dack]
» ade_pll_dack Clodk Input system_cl...
adc_pll_lodked Corduit
— cequencer_cer Mvzlon Memory Mapped Slave [Hodk] 00000 0x0007
respons2 Avzlon Streaming Source |dock|
7] El LED_Streaming_Driv... =00 Streaming_Driver
avalon_strzaming_sink  [Avzlon Streaming Snk [Hock] Reinove s
— avalnn_master Bvzlnn Memary Mapped Master [Fork] % — Componer‘rt, and
ok Cluck Tpul system_dl... replace with a NIOZ
reset Reset Inpu: [Hock] SubSy=tem
= conduit Corduit led_out [Hock]
4] i b
e =t 7 B Corrent filter: All Interfaces
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5.4.1 Open the ADC Nios Lab project

5.4.1.1 Close the Streaming Lab Project (if necessary), closing all open Quartus windows, including Qsys,
SignalTap, programmer, etc.

5.4.1.2 Open the ADC Nios Lab Project: File = Open Project and browse to <l ocati on of
| ab>\ wor kshop_| abs\ 5_ADC Lab\ ADC Ni os_Lab\ ADC Ni os_Lab. gpf. Click Open

5.4.2 Modify the Qsys system

Al

5.4.2.1 Launch Qsys: Click Tools = Qsys (or use the Qsys tool bar icon =
5.4.2.2 Open the Qsys system <proj ect directory>\adc_qsys. qsys

5.4.2.3 Delete the LED_Streaming_Driver. Click on the module and press Delete (Or alternatively, right click,
and select Delete)

5.4.2.4  Add a Parallel Input/output component: Processor and Peripherals = Peripherals (or search for PIO in
the IP catalog). This component will connect to the LEDs, so they can be written to from Nios

The default settings are correct. Click Finish

A PIO (Parallel I/0) - pio_0

“ PIO (Parallel 1/0)

Meguterss  dItra_avalon_pio

|' Block Diagram N § =]
IS show e | Width {1-32 bits): 3
pio_0 Direction: ) Bidir
- ) Input
ﬂiclock . nout
el n ? e

1

External connection .
conduit

Output Port Reset Vaue: | 5y0000000000000000

~ Output Register |

[ Enable individual st setting/dearing

altera_avalon_pia

[+ Edge cap gis |

Synchronously capture

m

Edge Type: RISING

Enable bit-dearing for edge capture register

|’ Inlerrupl
Generate IRQ
IRQ Type: LEVEL -

Lewvel: Interrupt CPU when any unmacsked IfO pin ie bgic true
Edge: Interrupt CPU when any unmasked bit in the edge-capture
registzr is logic true. Available when synchronous capture is enabled

|~ Test bench wiring

Hardwire PIO inputs in test bench

P I J r Driveinputs to: 0x0000000000000000 -
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5.4.2.5 Add the Nios Subsystem: This is a custom system created for you, for this lab. It should be located in the
DECA _Labs folder. There are no configuration options, so just click Finish to add it to the system. If you
want to inspect this subsystem, right click on the module after it has been added, and select Drill into
subsystem. You can also use the System navigation buttons to move up and down the hierarchy of a Qsys
system. Return to the top level of the hierarchy when complete.

I:: System Contents 2% | AddressMap % | Parameters i3

Z||a I@ Bystem: adc_gsys  Path: NiosSubsystem

5.4.2.6 Rename the Nios subsystem to Ni osSubsyst em

5.4.2.7 Reconfigure the ADC Core. Double click on the Altera ADC Modular Core to open the Parameters Tab.
Change the Core Variant to Standard sequencer with Avalon-MM sample storage.

Changing to this variant has several effects. One of which is that the streaming interface is no
longer available. Instead, the streaming interface is connected internally inside the ADC core to an
on-chip RAM. This RAM is accessible through an Avalon memory mapped interface that now
appears on the ADC core in Qsys.

System Contents 5:3‘ AddressMap % [J@ Parameters &% | Interconnect Requirements 33| =)

System: adc_gsys Path: ADC

Altera Modular ADC core

altera_modular_adc

General |

|~ Core Configuration |
Core Variant: I :S'ﬁndard sequencer with Avalon-MM sample storage - I
Debug Path: Enabled -

|" IP Generation |
Generate IP for which ADCs of this device?: .End ADC. =

|~ dlocks |
ADC Input Clock: 10Mhz -

m

[~ Reference Voltage . |
Reference Voltage Source: External - |

External Reference Voltage: 7.5 ¥

Channels Sequencerl

cHo | cHi1 | cHz | eH3 | cHa | cns | e | cH7 | cHs | o TS| 3

|~ Channel o
[¥] Use Channel 0 (Dedicated analog input pin - ANAIN)
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5.4.2.8 Connect the Qsys components. Connect the clock, reset, and memory mapped interfaces as shown in the
screenshot below:

5.4.2.9 Fix the Address conflict. There will be a memory conflict in your system (the sample_store_csr, the
sequencer_csr, and the LED_pio are all at address 0x000). Fix this manually by setting the sequencer_csr
Base Address to 0x0200, and the LED_pio to 0x0210. Alternatively, you can let Qsys fix it automatically:
System->Assign Base Addresses.

AddressMap 2 | Parameters % | Interconnect Requirements &% | e
E||a BE System: adc_gsys  Path: dk_in
4 Use  Connections Mame Description Export Clock Base End
Y 5 dk_in Clock Source |
b4 == dk_in Clock Input clk exported
Ej C— dk_in_reset Reset Input reset
: — dk Clock Qutput dk_in
= — dk_reset Reset Output
2 & B system_clk Avalon ALTPLL
v indk_interface Clock Input clk_in
= indk_interface_reset |[Reset Input [indk_interface]
pll_slave Avalon Memory Mapped Slave [inclk_interface]
— cd Clock Output system_ck_c0
cl Clock Qutput system_dk_cl
areset_conduit (Conduit
locked_conduit Conduit
phasedone_conduit  [Conduit
il Bl 1 ADC Altera Modular ADC core
* dodk Clodk Input system_clk_c1
reset_sink Reset Input [clock]
adc_pll_dock Clock Input system_clk_c0
adc_pll_locked Conduit
SEQUENCEr_csr Avalon Memory Mapped Slave [clock] .E ox0207
sample_store_csr Avalon Memory Mapped Slave [clock] 0x0000 0x01E£
sample_store_irg Interrupt Sender [clock]
& NiosSubsystem
d Clock Input clk_in
nios_irq Interrupt Receiver [clk] IRG O
< nios_mm_master Avalon Memory Mapped Master [clk]
| Reset Input
E LED_pio I PIO (Parallel 1/0)
| — Clock Tnput clk_in
reset Reset Input [clk] !
s1 Avalon Memory Mapped Slave [clk] | 0x0210 | 0x021£
O external_connection |Conduit led_out
4| 1] 3
”-I'" fh’. \? ‘& Current filter: All Interfaces
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5.4.2.10 Generate the system. You should have 3 warnings; these can be ignored. Click Generate HDL to open
the Generate Dialog box, and click Generate to begin the generation process.

5.4.2.11 If there are no errors, click Close to close the Qsys Generation status dialog box.

5.4.2.12 Close Qsys and return to Quartus. If you get a message reminding you to add the gip, you can ignore this
message, as the gip was added for you in this project.

5.4.3 Compile the project in Quartus

-

5.4.3.1 Start the Compile: Processing = Start Compilation (or click the compile icon on the toolbar)

Confirm the compile completed successfully.

5.4.4 Configure the FPGA
5.4.4.1 Open the Quartus Il Programmer via Tools = Programmer

5.4.4.2 The Programmer window will open with a predefined Chain-Description File (ADC_Ni os_Lab. cdf) that
specifies the programming file out put _fil es/ ADC_N os_Lab. sof

5.4.4.3 Click Start to begin configure the FPGA.

5.4.5 Create the Nios software application

5.4.5.1 Open Eclipse: From Quartus, Tools = Nios Il Software Build Tools for Eclipse

5.4.5.2 Select a workspace: It is recommended that you create a workspace named ecl i pse_wor kspace in the

same directory as the Quartus project files. Browse to the project folder and click Make New Folder.
Rename the folder to ecl i pse_wor kspace . Click OK to continue
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Select Workspace ﬁi!ettm'g,r @

Select the workspace directory to use.

4 DECA, -
4 | workshop_labs
B 2_Qsys Intro_Lab
1 3_Embedded_Systems_Lab
) 4_Gesture_Sensor_Lab
4 )0 5 ADC Lab
4 . ADC Mios_Lab
L .gsys_edit
db
Eclipse_workspacé
| ip
| Prewritten_source v

Folder: edipse_workspace

o] o)

5.4.5.3 Create the project: File > New => Nios Il Application and BSP from Template

El=H Edit Source Refactor Mavigate Search Project Nigs !l Run Window Help

MNew Shift+AIL+N ¥ % Nios Il Application and BSP from Template

Open FHle,.. Nios Il Application

@ Nios Il Board Support Package
[ Nios Il Library
£ Project...

Close Ctri+W
Close All Shift+Ctri+W

T Other... Ctri+N
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5.4.5.4  Configure the new project. When the Template dialog appears, enter these values:

Browse to <pr oj ect directory>\ADC N os_Lab\adc_gsys. sopci nfo
Name the project adc_deno

Select Hello World Small as the Project Template

Click Finish

= Mios I Application and BSP from Template =n ==

Mios II Software Examples

Create a new application and board support package based on a software example template

Target hardware information

S50PC Information File name: | “ADC_Nios_Lab\adc_gsys.sopcinfo B

CPU name: MiosSubsystem_nios2_gen =

Application project

Project name: | adc demo

[ Use default location

Project location: | ChDATANAlera\ Literature\Ma:x104DECANADC Nios_Labhsoftwarehadc dem

Project template

Templates Temnplate description

Blank Project - Hello World Small prints 'Hello from Mios IT' to STDOUT. -
Board Diagnostics || | The project occupies the smallest memory footprint [
Count Binary ‘ possible for a hello world application.

Float? Functionality

Float2 GCC |Z1|  This example runs with or without the MicroC/QS-RTOS  |E
Flzat2 Performance ‘ and requires an STOOUT device in your system's hardware.
Hello Freestanding

Hello MicreC/05-1 ~| | For details, click Finish to create the project and referto the |

H I readme.txt file in the project directory.
|Helle World Small
Memory Test The BSP for this template is based on the Altera HAL

Memory Test Small T | | operating system with reduced code footprint.
4 n [ ¥ -
® < Back Mext = ‘ [ Finish J [ Cancel
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For the "From directory”, Browse to <pr oj ect

LAB 5. MAX10 ADC Data Capture

Import the pre-written C-Code for this lab: File = Import = General = File System. Click Next

di rect ory>ADC Ni os_Lab\Prewitten_source and check on mai n. ¢ file

Browse to adc__deno for the "Into Folder".

Click Finish.

= Import

File system

Import resources from the local file system.

4
From directory: NDECA\ADC_Nios_Lab\Prewritten_source

=N ECR ™

' . !

Into folder adc_demo

Options
["] Overwrite existing resources without warning

[] Create top-level folder

Advanced = =»

[H| == Prewritten_source ¥ [€] main.c ‘
Filter Types... | | SelectAll || DeselectAll |

Browse...

Cancel

@ Next > | Fnish ||

Alternatively, to import a file into the workspace, you can simply drag it in from Windows Explorer
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5.4.5.6  Delete the hello_world_small.c from Project

[ Project Explorer &2 = m

4 == adc_demo

+ [al Includes

L = svstern

2 @ hello_world_small.c
[ main.c

|Z| create-this-app

| @& Makefile

£l readmetst

= éac_demu_bs_p [at:i;:;__qsysj_
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=2
5.4.5.7 Build the project : Project = Build All (or click the Build All icon |_-!.’-.'-i' on the toolbar

5.4.6 Configure the target hardware

5.4.6.1 Open the debug configuration dialog: Run 2 Debug Configurations

5.4.6.2 Double Click on Nios Il Hardware to create a new Nios Il launch configuration
5.4.6.3  Name this configuration; DECA har dwar e

5.4.6.4 Select adc_denv as the Project name. The ELF should automatically populate if the compile was
successful.

5.4.6.5 The result should look like this:

= Debug Configurations

Create, manage, and run configurations
Mios II Hardware Tab Group

e =
oExX| B3~ || Name] DECA_Hardware

type filter text [ Project ﬂ]L Target Connection | f e Debugger | =l Common | B/ Source |
[T] C/C++ Application
[©] C/C++ Attach to Application Ericckname I adc_demo vI
C/C++ Postmortern Debugg Project ELF file name: C:\DATA\AIteraLiterature Max 10\DECAVADC_Nios_Lab_b139\software\adc_demoladc_demo.elf
|| C/C++ Remote Application =
#= Launch Gaup [ Enable browse for file system ELF file
4 P Mios T Hardware
% DECA_Hardware File system ELF file name:
fﬂ'\" Mios I Hardware v2 (beta)
| Advanced. .. |
S (e 3
. ; Appl Revert
Filter matched 8 of & items
e
Gj Debug J I Close
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5.4.6.6

Click Debug to begin debugging the application.

5.4.7 Debug the application

When you begin the debug session, the debugger downloads the code to the on-chip RAM, and begins executing the
code. A breakpoint is automatically set at the entry point to main(), so the processor should be paused, waiting for
you to resume.

54.7.1

236

Set a breakpoint at line 45 by double clicking in the blue margin to the left of the code.

This will stop the processor just before configuring the ADC core.

Le main.c & | [c] altera_modular adc.c

#include "sys/alt_irg.h"
#include “sys/alt_alarm.h™

—int main()

§
printf{"adc_example.c\n\n"};
int i;
int loop count;
int led output;
float scale factor;
int line_in_ binned;

alt_u32 *adc_data;
alt_u32 line_in_data;

printft"*$$*******$* System InfDFmatiDn ************\ﬂ"}j

printf{"Sequencer S5lot @: s\n",ADC_SAMPLE_STORE_CSR_CSD SLOT @);
printf({"Sequencer Slot 1: Xs\n",ADC SAMPLE_STORE_CSR_CSD SLOT _1);
printf({"Sequencer 5lot 2: %s\n",ADC_SAMPLE_STORE_CSR_CSD SLOT_2);

Priﬂtf{"********************************************\ﬂ\ﬂ"}j
Set a breakpoint here

printf (" *** Configure and start the ADC sequencer ***\nin"};

adc_clear_interrupt_status({ADC_SEQUENCER_CSR_BASE);
adc_set_mode_run_continuously(ADC_SEQUENCER_CSR_BASE);

printf("ADC_SAMPLE_STORE CSR_BASE: ex¥@EX\n",ADC_SAMPLE_STORE_CSR_BASE);
printf("ADC_SEQUENCER_CSR_BASE: @x¥@8X\n" ,ADC_SEQUENCER_CSR_BASE);
printf({"Number of Slots in Sequencer: %d\wn\n",ADC_SEQUENCER_CSR_CSD_LENGTH);

printf{"Sequencer S5lot 3: ¥s\n\n",ADC SAMPLE_STORE CSR_CSD _SLOT 3);

adc_stop(ADC_SEQUENCER_CSR_BASE)}; /! ADC must be stoppe

adc_interrupt_disable(ADC_SEQUENCER_CSR_BASE); // Disable interrupts
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0|
5.4.7.2 Resume the processor: Run = Resume, or press the Resume icon |——|

5.4.7.3 Observe the console output. Notice the slot information matches the configuration we entered in the
modular ADC core. This information was automatically passed from the hardware configuration in Qsys to
the software via the .sopcinfo file that was used to create the application.

Console = Tasks [ NiosI Console 33 |
DECA_Hardware - cable: Arrow MAX 10 DECA on localhost [USE-1] device ID: 1instance ID: 0 name: jtaguart_0

adc example.c

kEkhkkrkhkkE* LK System Infcrmaticn KEkhk A EEEEX LXK
ADC SRMPFLE STORE CSE BASE: 0x00040000
ADC SEQUENCER CSE _BASE: 0x00040200
Humber of Slots in Sequencer: 4

Sequencer 3lot 0: CHO
Sequencer Slot 1: CHS
Sequencer Slot 2: CHl1
Sequencer 3lot 3: CHS

L R S AR R A A A R L

#*%* Configure and start the ADC seguencer %%
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54.7.4

54.7.5

5.4.7.6

5.4.7.7

[&] SigralTap I Locic Anatyzer - C/DATA/Altera/ Literatire/Max1(/DECA/ADC Mios Leb bI13S/ADC Mios Lab - ADC Mios Lsb - ‘Dzca tap rios.stpl*

Fd e

Open SignalTap Analyzer: From Quartus, Tools = SignalTap Il Logic Analyzer.

The Deca_tap_nios.stp system should open.

Start the Analyzer in repetitive trigger mode: Processing > Autorun Analysis, or press the autorun icon

i) . The trigger condition has been configured to trigger on reads OR writes to the ADC (see this on the
Setup tab), so every time Nios accesses the ADC, the Logic Analyzer should trigger, making it easy to
understand how the system functions.

=

In the debugger, step through the code: Run = Step Over, or by pressing the Step Over icon =", After
each step, the SignalTap system should automatically trigger, and display the waveforms. See the
screenshot below for the result of stepping over the adc_start(ADC_SEQUENCER_CSR_BASE)
instruction.

Resume the code by pressing the resume icon |EE| This will cause the program to run freely until the
next breakpoint. Since there are no more breakpoints set, the system will perform 100,000 reads, and then
complete.

=)

| Instance Manager: e, | x| JTAG Chan Configurator:  JTAG ready >
| nstance Enabled LEs: 2238 Memnery: 311285 Small: 0/0 Mediom: 115/132  Large: 0, | Hardware: [Arow MAX 10 DECA [USE-1] =
:¥:| auto_sgraltap_0 Waitng fer trigge” 238 cels 311296 oits 0 blodks 38blocks 0 olocks

| Device: @1 10MS0CAL. [ES)f10MS0D(CIF) -

S5JF Managar: _},’, k| tput_fiesfane_mios_Lab.sof ...

238

Ing Trg @ 2MM50427 101353 (103 9 slapsed) [l EJ Zlf-"
Tyne | Alins] EE B vame 2__-2% E ] ) 28 0z 756 30|
B exevio —= ! h
= | adc_gsys:uljadz_gsys_ADC:adclsample_store_csi_rzad | t Write of
525 .ﬁr{r'_qlzyg'||ﬂiart‘._-'p{yg_hnr.'ﬁdrézﬁmplﬁ_ginre_rsr_w e U- g ChDDDQO00 1
£ asys uladc gsys ADC:adzsample store csr addresse.0) | Oh 0 CSR 0
=g - adc_gsysuljadc_gsys_ADC:adzjsample_store_csr_readdaza[31.0] | o 000030204
[ | Fi-ade_qey=s uiiade_qzyz_ANC-ad-sample_stnre_cer_weitedeta31 0 | 0000M000h NN NONMA0
& ;!.adc_qsys:uufad:_-:;sys_ADC:aﬂckequen:e'_csr_read i U g \ \h
- | adc_gsysuliads_gsys_ADCadcisequense-_csr_write. BT = N\ Sequencer started,
e _5.n.d.;'_rﬁyz'||.n§=|d.':_-1RyR:Ai.'rr..'m;r;g.zmuen‘.ﬁ'_rsr_ﬁ.ri&ﬁya ' e ; \i and Storinq SaleeS
5 I ‘adc_gsysuljade_gsys_ADC:addjsequencer_csr_readdataf31.0] ’ h 000020001 1,. ! \‘ \‘
U 0 oo oyt woys AOC s oo oo ikl O | SNGRMONN Re00000Dn UM%AF
M [#-LED[..3] | 00h 03h
s .é:aﬁ;:éh-lt.;ar_f_:l'_luﬁi.l.li._[__:a_.ﬁq__szn_'|_p.h_=..__5t.ure:sam_pl:e?sjtnrg%ij’te‘n-a[r._sp___va-lid_; U : | | | |
= | adu_ysys ulfadc_ysys_ADC adusample_slore_ig_ing 1 :
4 | mnr | 13

Bloata &= Sctup
| Hie-archy Display: x | |7 Datatoc: FY X
4 [ * ADC_Nios_lab ok ﬂ auto_sgraltap 0
4 [7] = adc_geve:0 =|
4 [J] = zdc_gsys_ADC:adc

[#] = alera modular adc .. T

;&l antn_signal-ap_N

0% 00:00:00

Max10 DECA Workshop Manual

,\I-N—W Alirm W - }Eg?gUMENTs Five Years Out



Version 15.0

N\N\OW  ATERA, %
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Rerun the application, if desired. To restart the code, click on the DECA_Hardware option under the
under the Debug Icon:

= Mioz I Debug - adc_demo/adc_dermo.c - Eclipse
File Edit Source Refactor MNavigate
[~ = oo = (e =
%5 Debug &2

Search  Project MiosI Run  Window Help

Blo-a-=c -

™ 1 DECA_Hardware

Debug As

Debug Configurations...
5.4.7.9

Organize Favorites...
Congratulations. You have completed the ADC capture lab!

the c-code and the SignalTap analysis system as time permits. See the following section for additional
reference information.

Feel free to experiment with changes to
5.4.8 Other [possibly] helpful information

5.4.8.1 How big is my code?

If you plan to run Nios from a Max10 device without external RAM, on-chip RAM will often be the
limiting factor in your design. So the question arises, how can | easily find out the size of my code?
Use the nios2-stackreport command, from a Nios command shell.

5| feygdrive/c/altera/15.0.0139

=R <)
% nios2-stackesport C: DATA/AlterasLiterature MaxiB /DECA/ADC_Nios_Lah_b139/s0ft
mare adc_demosadc_demno.elf
: {C:/DATA AlterasLiterature/Max1B-DECA/ADC_Mios_Lab_bhl139/sof tuare/adc_demo/|
adc_demo.elf> 18228 Bytes program size (code + initialized datad.
Info:

21 KBytes free for stack + heap.
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5.4.8.2

What other signals are connected to the ADC on the DECA board?

The DECA schematics are included in the lab files. For convenience, here is a screenshot of the
relevant section. ANAIN1 and ANAIN2 come from the SMA connectors, Line_IN_L is connected to
the left channel of the Line In jack, and the rest are connected to the 46 pin headers.

That completes this lab section.
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