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The Fast Oscilloscope is designed for EPT USB CPLD Development System. It
converts an analog signal to digital and displays the result on the PC in real time.

Circuit designs, software and documentation are copyright © 2012-2014, Earth People
Technology, Inc
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1 Fast Oscilloscope Introduction

The Fast Oscilloscope uses the Earth People Technology USB-CPLD development
system hardware and the Arduino Uno connected to a Windows PC. The project
software uses the Microsoft C# Express in conjunction with the Active Host dll.

THE EARTH PEOPLE TECHNOLOGY USB-PLD
DEVELOPMENT SYSTEM

ACTIVE HOST
COMMUNICATES

ACTIVE HOST SDK WITH CPLD USING EPT-570-AP
e ENDTERMS

N

ARDUINO

ACTIVE TRANSFER

LIBRARY ARDUINO CODE
USERS CPLD CODE USERS CODE
COMMUNICATES COMMUNICAES
WITH HOST USING WITH CPLD

ENDTERMS

This User Manual will guide the user to create the Arduino code that will sample the
Analog input and transfer the digitally converted samples to the CPLD. The user will be
given instructions on creating the CPLD code that accepts each sample from the
Arduino and transmits it via USB to the PC. The manual completes with instruction of
how to create the C# application that will decode each sample and display on the screen.

This is an advanced project and not for beginners to the Arduino family. However, it
does serve as an introduction to advanced programming techniques using Verilog for
programming the CPLD and C# for programming the user interface on the PC. The first
two sections provide a background for the PC and CPLD libraries.

1.1 Driver Installation

Follow the instructions in the EPT USB CPLD Development System User Manual to
install all of the software and drivers for use with the hardware.
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¥ Network adapters
Y7 Ports (COM & LPT)
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4% Sound, video and game controllers
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4§ Universal Serial Bus controllers

Standard Enhanced PCI to USB Host Controller
Standard Enhanced PCI to USB Host Controller
Standard OpenHCD USB Host Controller
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USB Composite Device

USB Root Hub

USB Root Hub

USB Root Hub

USB Root Hub

USB Serial Converter A

USB Serial Converter B

sleeeeeececee

If the driver has been installed correctly, you can go to the Device Manager and click on
the Universal Serial Bus controllers and see “USB Serial Converter A” and “USB Serial
Converter B”.

1.2 Software Installation
Follow the the instructions in the EPT USB CPLD Development System User Manual
to install the following software:

e Altera Quartus Il

e Microsoft C# Express

e Arduino Wiring IDE

1.3 Active Host EndTerms

The Active Host SDK is provided as a dll which easily interfaces to application
software written in C#, C++ or C. It runs on the PC and provides transparent connection

HOST APPICATION EPM570 CPLD

C#t WINDOWS FORM LIBRARY

USER APPLICATION TRIGGER
"‘ﬂ"_‘ ACTIVE TRIGGER ENDTERM USER CODE
TRANSFER
C++ CONSOLE TRANSFER ACTIVE
C CONSOLE ENDTERM 1 HI;DELT

= =

) e 2

from PC application code through the USB driver to the user CPLD code. The user code
connects to “Endterms” in the Active Host dll. These Host “Endterms” have
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complementary HDL “Endterms” in the Active Transfer Library. Users have seamless
bi-directional communications at their disposal in the form of:

e Trigger Endterm
e Transfer Endterm
e Block Endterm

User code writes to the Endterms as function calls. Just include the address of the
individual module (there are eight individually addressable modules of each Endterm).
Immediately after writing to the selected Endterm, the value is received at the HDL
Endterm in the CPLD.

Receiving data from the CPLD is made simple by Active Host. Active Host transfers
data from the CPLD as soon as it is available. It stores the transferred data into circular
buffer. When the transfer is complete, Active Host invokes a callback function which is
registered in the users application. This callback function provides a mechanism to
transparently receive data from the CPLD. The user application does not need to
schedule a read from the USB or call any blocking threads.

1.4 Active Transfer Library EndTerms

The Active Transfer Library is a portfolio of HDL modules that provides an easy to use
yet powerful USB transfer mechanism. The user HDL code communicates with
EndTerms in the form of modules. These EndTerm modules are commensurate with the
Active Host EndTerms. There are three types of EndTerms in the Active Transfer
Library:

e Trigger Endterm

e Transfer Endterm

e Block Endterm
They each have a simple interface that the user HDL code can use to send or receive
data across the USB. Writing to an EndTerm will cause the data to immediately arrive
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TRIGGER ENDTERM

ACTIVE TRANSFER SINGLE TRANSFER
LIBRARY ENDTERM USER CORE

BLOCK ENDTERM

at the commensurate EndTerm in the Active Host/user application. The transfer through
the USB is transparent. User HDL code doesn’t need to set up Endpoints or respond to
Host initiated data requests. The whole process is easy yet powerful.

2 The Development Process

The development of the Fast Oscilloscope starts with the Arduino. The user will write

the code to sample an Analog input using the ADC in 8 bit mode, then assert the write

enable which initiates the read cycle on the EPT-570-AP board. The user will write the
Verilog code for the CPLD which stores each sample from the Arduino board, then

i i
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initiates the write cycle to PC. Finally, the user will write the C# code to accept each
byte from the EPT-570-AP board and assemble the bytes into the original analog signal
and display it in the graphics box in a Windows Form.

2.1 Designing a Simple Fast Oscilloscope

The Fast Oscilloscope is an advanced project and not for beginners to the Arduino
family. However, it does serve as an introduction to advanced programming techniques
using Verilog for programming the CPLD and C# for programming the user interface
on the PC. The user should be familiar with the beginners projects for the Arduino Uno.
For an introduction to Verilog, go to:

www.asic-world.com/verilog/introl.html#Introduction

For an introduction to C#, go to:

http://www.homeandlearn.co.uk/csharp/csharp.html

2.2 Fast Oscilloscope Equipment Needed
The equipment you will need for the Fast Oscilloscope is

EARTH PEOPLE TECHNOLOGY UNOPROLOGIC

ARDUINOUNO

% USB MINIB CABLE —p, USB TYPE B CABLE
.

— — AMNALOG INPUT CUSTOM CABLE
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L S ]

: T 5 VOLT DC POWER SUPPLY
- 000 .+ «»

ONE PAIR OF BANANA CLIP LEADS

DIGITAL FUNCTION GENERATOR

BNC TO ALLIGATOR CLIPS

e Arduino Uno

e EPT UnoProLogic

e USB Type A cable

e USB Type Mini B cable

e Solid core wire

e +5VDC Variable Power Supply with cables
e Function Generator with cables

2.3 Oscilloscope Hardware

The Arduino uses the analog comparator to trigger the scope. The ADC then samples
the analog channel 0. The samples are stored in a buffer in the ATMega328 SRAM.
Because of the method of using the Arduino hardware to behave as an oscilloscope, we
have to build some hardware. The analog signal must be applied to both the analog
channel 0 and the input to the analog comparator.

To do this, connect the UnoProLogic to the Uno.

Next, connect the +5V variable power supply up.

Connect the ground to pin 6 of J12 on the UnoProLogic.
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Connect the positive lead of the supply to Digital input 7 (pin 8 of J8 on the
UnoProLogic).

Next, connect the ground lead of the of the Function Generator to pin 7 of J12.

Next, we need to build a cable that connects the signal to be displayed to Analog 0 (pin
1 of J9 on the UnoProLogic) and to Digital input 6 (pin 7 of J8 on the UnoProLogic).

Finally, connect the positive lead of the Function Generator to the Y cable that connects
analog input 0 and comparator input.

- oo,

, 29 uwE 3 A a
so-dess ‘9 8

o
s

2.4 Fast Oscilloscope Data Flow

The Fast Arduino Oscilloscope is controlled by the C# application. After applying
power and opening the UnoProLogic, use the button events to send commands to the
Arduino to perform selected functions, such as starting the display, changing the
Trigger polarity, voltage reference, etc. Use the sliders to select new values for the
Horizontal Time Base, Time Scale, Vertical scale, etc.

The data flow for the Fast Oscilloscope consists of the Arduino/Girino code, the
UnoProLogic code, and the C# Window code
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UNOPROLOGIC FUNCTIONALITY

W IS

Wait for Start_Stop Control to be Asserted from
Oscilloscope Window

me for Write Enable to Assent

WRITE TO FiFO
INCREMENT HIFO COUNTER

¥ FFO_FULL 65 SIT THEN _l
> T

2.4.1 Arduino Functionality

When the Arduino powers up, it initializes the ports, variables, and registers. Once the
UnoProLogic has been started, the “On” button will send the “Start ADC” command to
the Arduion-Girino code. When the “Start ADC” command is received and decoded, the
Girino code calls the

startADC()

and the

start AnalogComparator()

CF WINDOW FUNCTIONALITY

Intaiine Varlablos, Controls, Eventy Read
Calack Furnstion

Satect (PT-570-AP Device

|l

e

¥ Walt for Bead Calback Cvent

IND OF SUITEN TREOIA

REPRN OATLLOMORT CATA

SCALL DATA IS VERECAL AND BORZDATAL
DEPAY OSORLOBCOPE DATA Of SOMEN

s i
U A X
VLR YD A ) VO Mww0

\ BEAD ADC DATA BYRLS DO UF PR

functions. The first function turns on the ADC (initialized in the setup() routine), and
causes the ADC to convert whatever is on its analog input into a digital word. When
this conversion is complete, an interrupt function is called, “ISR(ADC_vect)”. When
this happens, the loop() function is stopped and the interrupt function executes. It
examines if the trigger bit has been set. If it is not, then the “update” is set to true and
the interrupt exits. When the interrupt is complete, the loop() function continues with
the next instruction. It will eventually check if the “update” bit has been set. If so, the
value of the ADC conversion is stored in the “ADCBuffer” and the buffer array index is
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incremented. The ADC has been configured to continuously start a new conversion on
the completion of the previous conversion.

This process repeats until the Analog comparator has sensed the input to the analog
channel has breached the threshold level. This is the trigger threshold level and is set by
applying an analog voltage at pin 8 of the J8 connector. The pin 8 of the J8 connector is
attached to the internal analog comparator inside of the ATMega328 chip. It is
connected to the “-* negative input of the comparator. The “+” positive input to the
comparator is connected to pin 7 of the J8 connector. The Fast Arduino Oscilloscope
cable harness connects pin 7 of J8 to pin 1 of J9, this is the attachment for the analog
signal to be displayed on the oscilloscope.

When the analog input signal on the positive input to the comparator is greater than the
input on the negative input to the comparator, an interrupt is called. This interrupt is
“ISR(ANALOG_COMP_vect)”. The loop() function will exit and start execution of the
first instruction in the comparator interrupt vector. The first thing is to turn off the
analog comparator interrupt so that no following comparator interrupts can disrupt the
process. Next, the “wait” variable is set to true. The “stopindex” is then set to the
current count of the “ADCCounter” plus an additional number of counts set by
“waitDuration”. These extra counts will allow a full cycle of the analog input signal to
be captured and displayed. Finally, the value “TriggerCount” is set to the ADCCounter.
This will be used when transmitting the ADCBuffer to the UnoProLogic.

When the ADCBuffer has completed transmission, the Girino code asserts the “End Of
Buffer” signal. This signal is used to create Trigger 2 in the Active Trigger Endterm.
After that, reset the trigger variables and re-start the ADC.

During each cycle of the loop() function, The serial port is checked to see if a new
command has arrived from the C# application. If a new command has arrived, the
Girino code will perform the selected command.

2.4.2 UnoProLogic Functionality

The CPLD does not need any initialization as the device is ready to operate soon after
the power is applied. The data flow in the UnoProLogic starts with a wait loop for the
Start_Stop_Control signal to be asserted from the Control Register. Once this happens,
the data flow will fall into the wait loop for the Write Enable. When the Write Enable
from the Girino asserts, it causes the block of code that writes bytes into the FIFO to
read the data byte on Ports B and C. Then clock the byte into the FIFO. This process
continues until the internal FIFO count reaches eight bytes. When this happens, fifo_full
flag sets.

When the fifo_full signal is asserted, the State Machine leaves the IDLE state and enters

the STORE_FIFO_COUNT state. In this state the fifo_out_count is updated with the
full count of the FIFO. The state machine will immediately enter the
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START_SEND_BLOCK state and asserts the block_out_send signal which informs the
Active Block Endterm that a block transfer has started. This state will wait for the
block_busy signal to assert which is an acknowledgement that the block transfer has
been accepted by the Active Transfer Library.

Next, the FIFO_HI state is entered. In this state, Active Block Endterm toggles the
block_byte ready signal to inform the user code to put a new byte on the

block out_byte. The user code will toggle the FIFO read enable signal to push the first
byte in the FIFO onto the block_out_byte. The state machine will then cycle on to the
FIFO_LO state. In this state, the state machine will wait for the Active Transfer Library
to complete the transfer across the USB. When the transfer is complete, the

block _byte ready signal goes low and causes the state machine to go to the
INCR_COUNT state. In this state, the block_out_flag is checked for assertion. If it is
asserted, the state machine goes to the FIFO_HI state to wait for block _byte ready to
signal that the Active Block Endterm is ready for the next byte from the FIFO. If the
block out_flag is not asserted in the INCR_COUNT state, then the block _out_counter
is checked to determine if the count has surpassed the fifo_out_count. If this statement
is true, state machine goes to the BLOCK_SEND_COMPLETE state. When the
block_busy signal de-asserts, the state machine goes back into the IDLE state. The data
flow waits in a loop for the fifo_full signal to assert again and start the process again.

2.4.3 C# Window Functionality

The C# data flow on the PC starts with the initialization of variables, controls, events,
and read callback functions. The Windows Form is displayed on the PC and the system
registry is scanned for any Earth People Technology devices. Any devices that are
found are added to the drop down box. The user must then select the available EPT
device and click the Open control. This will select the device and allocate all memory
needed for the Active Host EndTerms.

Next, the user must click on the Start button. Clicking this button will set the start/stop
bit of the control register and send it to the UnoProLogic. The CPLD will decode this
message and assert the Start_Stop_Control signal. Once this signal is asserted, the user
must click on the On/Off button to send a serial command to the Arduino. This is the
“Start ADC” command. This causes the Girino code to fill up the ADC Buffer. When
the Girino code has detected a trigger and filled the ADC Count has reached its max
“waitDuration”, it transmits all bytes in the ADC Buffer up to 500 bytes. Each byte is
transmitted through the Active Block Endterm of the CPLD code.

When the blocks are received by the C# Window, the read callback function is called.
The read callback will call the EPTParseReceive() function which calls the
TransferOutReceive() function. In this function, each byte is stored in the byte array:
“ScopeBuffer”. This process of filling the ScopeBuffer array continues until the Girino
code signals completion of the ADC Buffer transmission. When the Girino code has
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completed the transmission of the entire ADC Buffer, it asserts the “End Of Buffer”
signal. This signal is connected to pin 3 of J9 of the UnoProLogic. The CPLD uses this
signal to send a Trigger 2 using the Active Trigger EndTerm. At this point the
ScopeBuffer has a complete cycle of the analog signal to display in its window. The
Trigger 2 Active Trigger Endterm causes the “invalidate()” function to be called. This
function will automatically cause the functions with a “Graphics” variable to be
refreshed. During the Refresh of the display data, the vertical and horizontal scaling is
performed. Nexti, Redrawing the graphics will cause the new values in the ScopeBuffer
to be displayed in the Oscilloscope window Finally, all data is displayed on screen. The
cycle repeats until the Stop button is pressed.

The button events will cause code to be executed when a button is pressed. The Visual
.NET framework takes care of the background code which monitors the button events
and any interrupts associated with executing this code.

3 Arduino-Girino Fast Oscilloscope Code

The following is a reprint from the Girino — Fast Arduino Oscilloscope by
Caffeinomane.

3.1 Girino - Fast Arduino Oscilloscope

| am a Physicist and the nicest part of working in this field is that I get to build my own
instruments. With this way of thinking, I decided to build a homebrew Arduino
Oscilloscope. This instructable was written with the purpose of teaching a bit about
microcontrollers and data acquisition.

Some time ago | was working on an Arduino project and | needed to see if the output
signal was into compliance with the specifics. Thus | spent some time on the

internet looking for Arduino Oscilloscopes already implemented, but I did not like what
| found. The projects that | found were mostly composed of a Graphical User

Interface for the computer written in Processing and a very simple arduino sketch. The
sketches were something like:

void setup() {

Serial.begin(9600);

}

void loop() {

int val = analogRead(ANALOG_IN);

Serial.printin(val);

}

This approach is not wrong and I do not want to insult anyone, but this is too slow for
me. The serial port is slow and sending every result of an analogRead() through it is
a bottleneck.
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| have been studying Waveform Digitizers for some time and | know reasonably well
how do they work, so | got inspiration from them. These were the starting points of
the oscilloscope that | wanted to create:

the incoming signal should be decoupled from the arduino to preserve it;

with an offset of the signal it is possible to see negative signals;

the data should be buffered;

a hardware trigger is required to catch the signals;

a circular buffer can give the signal shape prior to the trigger (more to follow on this
point);

using lower lever functions that the standard ones makes the program run faster.

The sketch for the Arduino is attached to this step, along with the schematic of the
circuit that I made.

The name that | came up with, Girino, is a frivolous pun in Italian. Giro means rotation
and adding the suffix -ino you get a small rotation, but Girino also means tadpole.
This way | got a name and a mascot.

3.2 Disclaimer: THE AUTHOR OF THIS INSTRUCTABLE MAKES
NO GUARANTEE OF VALIDITY AND NO WARRANTY
WHATSOEVER.

Electronics can be dangerous if you do not know what you are doing and the author
cannot guarantee the validity of the information found here. This is not a professional
advice and anything written in this instructable can be inaccurate, misleading,
dangerous or wrong. Do not rely upon any information found here without independent
verification.

It is up to you to verify any information and to double check that you are not exposing
yourself, or anyone, to any harm or exposing anything to any damage; | take no
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responsibility. You have to follow by yourself the proper safety precautions, if you want
to reproduce this project.
Use this guide at your own risk!

3.3 What you need

What we really need for this project is an Arduino board and the datasheet of the
ATMega328P.

The datasheet is what tells us how the microcontroller works and it is very important to
keep it if we want a lower lever of control.

The datasheet can be found here: http://www.atmel.com/Images/doc8271.pdf

The hardware that | added to the Arduino is partly necessary, its purpose is just to form
the signal for the ADC and to provide a voltage level for the trigger. If you want,

you could send the signal directly to the Arduino and use some voltage reference
defined by a voltage divider, or even the 3.3 V given by the Arduino itself.
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3.4 Debug output

I usually put a lot of debug output in my programs because | want to keep track of
anything that happens; the problem with Arduino is that we do not have a stdout to
write to. | decided to use the Serial port as a stdout.

Be aware, though, that this approach does not work all the times! Because writing to the
Serial port requires some time for the execution and it can dramatically change

things during some time sensible routines.

| usually define debugging outputs inside a preprocessor macro, so when the debug is
disabled they simply disappear from the program and do not slow down the
execution:

dprint(x); - Writes to the serial port something like: # x: 123

dshow("Some string”); - Writes the string

This is the definition:

#if DEBUG ==

#define dprint(expression) Serial.print("# "); Serial.print( #expression ); Serial.print( "
"); Serial.printIn( expression )

#define dshow(expression) Serial.printin( expression )

#else

#define dprint(expression)
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#define dshow(expression)
#endif

3.5 Setting register bits

With the purpose of being fast, it is necessary to manipulate the microcontroller features
with lower lever functions than the standard ones provided by the Arduino IDE.

The internal functions are managed through some registers, that are collections of eight
bits where each one governs something particular. Each register contains eight

bits because the ATMega328P has an 8-bit architecture.

The registers have some names that are specified in the datasheet depending on their
meanings, like ADCSRA for the ADC Setting Register A. Also each meaningful bit

of the registers has a name, like ADEN for the ADC Enable Bit in the ADCSRA
register.

To set their bits we could use the usual C syntax for binary algebra, but | found on the
internet a couple of macros that are very nice and clean:

/I Defines for setting and clearing register bits

#ifndef cbi

#define cbi(sfr, bit) ( SFR_BYTE(sfr) &= ~_BV(bit))

#endif

#ifndef sbi

#define sbi(sfr, bit) ( SFR_BYTE(sfr) |= _BV(bit))

#endif

Using them is very simple, if we want to set to 1 the Enable Bit of the ADC we can just
write:

sbi(ADCSRA,ADEN);

While if we want to set it to O (id est clear it) we can just write:

chi(ADCSRA,ADEN);

ADCSRA

ADC Control and Status Register A

A ArAd ~leAand A ReAT etan b Fe
g md L PFLAg FPredlstel ITTS

’ADEN ‘ ADSC

ADIE

/¢ Defines |
ADPS?ADPSIADPSO} #ifndef cbi

ADATEI ADIF

7

#define cbhilsfr, bit) (_SFR_BYTE(sfr) &= ~_BW(bit))

#endit

#ifndef sbi

An example of  #define shilsfr, bit) (_SFR_BYTECsfr) I= _BY(bit))
a register Fendif

6 5 4 3 2 1 0
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3.6 What are the Interrupts

As we will see in the next steps, the use of interrupts is required in this project.
Interrupts are signals that tell the microcontroller to stop the execution of the main loop
and pass it to some special functions. The images give an idea of the program flow.
The functions that are executed are called Interrupt Service Routines (ISR) and are
more or less simple functions, but that do not take arguments.

Let us see an example, something like counting some pulses. The ATMega328P has an
Analog Comparator that has an interrupt associated that is activated when a

signal surpasses a reference voltage. First of all you must define the function that will
be exectuted:

ISR(ANALOG_COMP_vect)

{

counter++;

}

This is really simple, the instruction ISR() is a macro that tells the compiler that the
following function is an Interrupt Service Routine. While ANALOG_COMP_vect is
called Interrupt Vector and it tells the compiler which interrupt is associated to that
routine. In this case it is the Analog Comparator Interrupt. So everytime that the
comparator sees a signal bigger than a reference it tells the microcontroller to execute
that code, id est in this case to increment that variable.

The next step is to enable the interrupt associated. To enable it we must set the ACIE
(Analog Comparator Interrupt Enable) bit of the ACSR (Analog Comparator Setting
Register) register:

sbi(ACSR,ACIE);

In the following site we can see the list of all Interrupt Vectors:
http://www.nongnu.org/avr-libc/user-manual/group__avr__interrupts.html

Loop is suspended,
control goes to ISR

/"_"‘\
(srert) g

ISR(INT_vect)

{...}

—
Y

Control goes back
to main loop

Normal flow Interrupt

3.7 Continuously acquire with a circular buffer
The concept of using a Circular Buffer is pretty straight forward:
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Acquire continuously till a signal is found, then send the digitized signal to the
computer.

This approach allows to have the incoming signal shape also before the trigger event.

| prepared some diagrams to make myself clear. The following points are referring to
the images.

On the first image we can see what | mean with continuous acquisition. We define a
buffer that will store the data, in my case an array with 1280 slots, then we

start to continuously read the ADC output register (ADCH) ad filling the buffer with the
data. When we get to the end of the buffer we restart from the beggining

without clearing it. If we immagine the array arranged in a circular way it is easy to see
what | mean.

When the signal surpasses the threshold, the Analog Comparator Interrupt is activated.
Then we start a waiting phase in which we continue to acquire the signal

but keep a count of the ADC cycles that passed from the Analog Comparator Interrupt.
When we waited for N cycles (with N < 1280), we freeze the situation and stop the
ADC cycles. So we end up with a buffer filled with the digitization of the signal
temporal shape. The great part of this, is that we have also the shape prior to the trigger
event, because we were already acquiring before that.

Now we can send the whole buffer to the serial port in a block of binary data, instead of
sending the single ADC reads. This reduced the overhead required to

send the data and the bottleneck of the sketches that | found on the internet.

Signal
start

Analog Comparator
Interrupt

Write
ADCH

Continuous Wait for N

acquisition ADC cycles

// uint8_t ADCBuffer [1280]
Freeze Write buffer
situation to Serial
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3.8 Oscilloscope Triggering

An oscilloscope shows on its display a signal, on that we all agree, but how can it show
it steadily and do not show it jumping around the screen? It has an internal trigger

that is able to show the signal always on the same position of the screen (or at least most
of the times), creating the illusion of a stable plot.

The trigger is associated with a threshold that activates a sweep when the signal passes
it. A sweep is the phase in which the oscilloscope records and displays the

signal. After a sweep another phase occurs: the holdoff, in which the oscilloscope
rejects any incoming signal. The holdoff period can be composed of a part of dead time,
in which the oscilloscope is unable to accept any signal, and a part that can be user
selectable. The dead time can be caused by various reasons like having to draw on

the screen or having to store the data somewhere.

Looking at the image we get a sense of what happens.

1. Signal 1 surpasses the threshold and activates the sweep;

2. signal 2 is inside the sweep time and gets caught with the first;

3. after the holdoff, signal 3 activates the sweep again;

4. instead signal 4 is rejected because it falls inside the holdoff region.

The raison d'étre of the holdoff phase is to prevent some undesired signals to get in the
sweep region. It is a little bit long to explain this point and it eludes the purpose of

this instructable.

The moral of this story is that we need:

1. a threshold level to wich we can compare the incoming signal;

2. a signal that tells the microcontroller to start the waiting phase (see preceding step).
We have several possible solutions for point 1. :

using a trimmer we can manually set a voltage level,

using the PWM of the Arduino we can set the level by software;

using the 3.3 V provided by the Arduino itself;

using the internal bangap reference we can use a fixed level.

For point 2. we have the right solution: we can use the interrupt of the internal Analog
Comparator of the microcontroller.
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Triggering a
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3.9 How the ADC works

The Arduino microcontroller features a single 10-bit successive approximation ADC.
Before the ADC there is an analog multiplexer that lets us send, to the ADC, the
signals from different pins and sources (but only one at a time).

Successive Approximation ADC means that the ADC takes 13 clock cycles to complete
the conversion (and 25 clock cycles for the first conversion). There is a clock

signal dedicated to the ADC that is "computed™ from the main clock of the Arduino;
this is because the ADC is a little slow and can not keep up with the pace of the other
parts of the microcontroller. It requires an input clock frequency between 50 kHz and
200 kHz to get maximum resolution. If a lower resolution than 10 bits is needed, the
input clock frequency to the ADC can be higher than 200 kHz to get a higher sample
rate.

But how much higher rates can we use? There are a couple of good guides about the
ADC at the Open Music Labs that | suggest to read:
http://lwww.openmusiclabs.com/learning/digital/atmega-adc/
http://www.openmusiclabs.com/learning/digital/atmega-adc/in-depth/

Since my purpose is to get a fast oscilloscope | decided to limit the precision to 8-bits.
This has several bonuses:

1. the data buffer can store more data;

2. you do not waste 6-bits of RAM per datum;

3. the ADC can acquire faster.

The prescaler lets us divide the frequency, by some factors, by setting the ADPS0-1-2
bits of the ADCSRA register. Seeing the plot of the precision from the Open Music
Labs Article, we can see that for 8-bits precision the frequency could go up to 1.5 MHz,
good! But since the ability of changing the prescaler factor lets us change the
acquisition rate, we can use it also to change the timescale of the oscilloscope.

There is a good feature about the output registers: we can decide the adjusting of
conversion bits, by setting the ADLAR bit in the ADMUX register. If it is O they are
right
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adjusted and viceversa (see the image). Since | wanted 8-bits precision I setitto 1 so |
could read just the ADCH register and ignore the ADCL.

| decided to have just one input channel to avoid having to switch channel back and
forth at every conversion.

One last thing about the ADC, it has different running modes each one with a different
trigger source:

Free Running mode

Analog Comparator

External Interrupt Request 0

Timer/Counter0 Compare Match A

Timer/Counter0 Overflow

Timer/Counterl Compare Match B

Timer/Counterl Overflow

Timer/Counterl Capture Event

| was interested in the free running mode that is a mode in which the ADC continuously
converts the input and throws an Interrupt at the end of each conversion

(associated vector: ADC_vect).

) ADC Control Registers
‘[ apmux || Apcsra |[ Apcsme |

B

©

GND ADC Output

Registers

@

A5
Ad
A3
A2
Al
AD

" ADCH
ADCL |:

ADC

ADC Clock]

-

Effective Number of Bits (ENOB)

o>

EEEEEERR'
Multiplexer

[TTTTTTTT]

Prescaler
g o ADC 5 - : ! . +
<« Signal : s 125kHe 250kHz 500kHz 1MHz Mz aMHz
2T Szt busy Main Clock ATmega ADC Glock Frequency

= = - - = - |ADCS|ADCB| ADCH

ADC7|ADC6|ADCE|ADC4 ADC3|ADC2{ADC1|ADCO| ADCL

7 6 5 4 3 2 1 0

ADC9|ADC8|ADC7|ADC6|ADC5|ADC4|ADC3|ADC2| ADCH

ADC1|ADCO| - = = = = ™ ADCL

ADLAR effect
on Output

3.10 Digital input buffers

The analog input pins of the Arduino can also be used as digital I/O pins, therefore they
have an input buffer for digital functions. If we want to use them as analog pins
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you should disable this feature.

Sending an analog signal to a digital pin induces it to toggle between HIGH and LOW
states, especially if the signal is near the boundary between the two states; this
toggling induces some noise to the near circuits like the ADC itself (and induces a
higher energy consumption).

To disable the digital buffer we should set the ADCnD bits of the DIDRO register:
sbi(DIDR0O,ADC5D);

sbi(DIDR0,ADCA4D);

sbi(DIDR0,ADC3D);

sbi(DIDR0O,ADC2D);

sbi(DIDR0,ADC1D);

sbi(DIDR0O,ADCOD);

sb1(DIDR@ ,ADCSD);

¥ )3
sbi(DIDRA, 20);
sb1(DIDR@ ,ADC1D);
sbi(DIDR@ ,ADCAD);

3.11 Setting up the ADC

In the sketch, I wrote a initialization function that sets-up all the parameters of the ADC
functioning. As I tend to write clean and commented code, | will just past the

function here. We can refer to the preceding step and to the comments for the meaning
of the registers.

void initADC(void)

/I These bits select the voltage reference for the ADC. If these bits
/[ are changed during a conversion, the change will not go in effect
/' until this conversion is complete (ADIF in ADCSRA is set). The
/I internal voltage reference options may not be used if an external
/I reference voltage is being applied to the AREF pin.

/I REFS1 REFSO0 Voltage reference

// 0 0 AREF, Internal Vref turned off

/0 1 AVCC with external capacitor at AREF pin

//'1 0 Reserved

/11 Internal 1.1V Voltage Reference with external
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/I capacitor at AREF pin

cbi(ADMUX,REFS1);

sbi(ADMUX,REFS0);

/l The ADLAR bit affects the presentation of the ADC conversion result
http://www.instructables.com/id/Girino-Fast-Arduino-Oscilloscope/
/l'in the ADC Data Register. Write one to ADLAR to left adjust the

Il result. Otherwise, the result is right adjusted. Changing the ADLAR
/1 bit will affect the ADC Data Register immediately, regardless of any
/[ ongoing conversions.

shi(ADMUX,ADLAR);

/I The value of these bits selects which analog inputs are connected to
Il the ADC. If these bits are changed during a conversion, the change
I/l will not go in effect until this conversion is complete (ADIF in

/[l ADCSRA is set).

ADMUX |= ( ADCPIN &0x07 );

/I 'Writing this bit to one enables the ADC. By writing it to zero, the
/I ADC is turned off. Turning the ADC off while a conversion is in

/I progress, will terminate this conversion.

cbi(ADCSRA,ADEN);

/I In Single Conversion mode, write this bit to one to start each

/I conversion. In Free Running mode, write this bit to one to start the
/I first conversion. The first conversion after ADSC has been written
/I after the ADC has been enabled, or if ADSC is written at the same
/ time as the ADC is enabled, will take 25 ADC clock cycles instead of
/l the normal 13. This first conversion performs initialization of the

/I ADC. ADSC will read as one as long as a conversion is in progress.
/I When the conversion is complete, it returns to zero. Writing zero to
/1 this bit has no effect.

chi(ADCSRA,ADSC);

/' When this bit is written to one, Auto Triggering of the ADC is

/I enabled. The ADC will start a conversion on a positive edge of the
/I selected trigger signal. The trigger source is selected by setting

/I the ADC Trigger Select bits, ADTS in ADCSRB.
sbi(ADCSRA,ADATE);

/' When this bit is written to one and the I-bit in SREG is set, the

/I ADC Conversion Complete Interrupt is activated.
sbi(ADCSRA,ADIE);

/I These bits determine the division factor between the system clock
Il frequency and the input clock to the ADC.

/l ADPS2 ADPS1 ADPSO Division Factor
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/10002

/10012

/10104

/10118

/110016

/110132

/111064

/1111128
shi(ADCSRA,ADPS2);
shi(ADCSRA,ADPS1);
sbi(ADCSRA,ADPS0);

/' When this bit is written logic one and the ADC is switched off

/I (ADEN in ADCSRA is zero), the ADC multiplexer selects the negative
Il input to the Analog Comparator. When this bit is written logic zero,
/I AIN1 is applied to the negative input of the Analog Comparator.
cbi(ADCSRB,ACME);

/I If ADATE in ADCSRA is written to one, the value of these bits

/I selects which source will trigger an ADC conversion. If ADATE is
/I cleared, the ADTS2:0 settings will have no effect. A conversion will
/I be triggered by the rising edge of the selected Interrupt Flag. Note
/I that switching from a trigger source that is cleared to a trigger

I source that is set, will generate a positive edge on the trigger

I signal. If ADEN in ADCSRA is set, this will start a conversion.

/I Switching to Free Running mode (ADTS[2:0]=0) will not cause a
/I trigger event, even if the ADC Interrupt Flag is set.

/[ ADTS2 ADTS1 ADTSO Trigger source

/1 0 0 0 Free Running mode

/10 0 1 Analog Comparator

/1 0 1 0 External Interrupt Request 0

/011 Timer/Counter0 Compare Match A

//'1 0 0 Timer/CounterO Overflow

/10 1 Timer/Counterl Compare Match B

/110 Timer/Counterl Overflow

/111 Timer/Counterl Capture Event

cbi(ADCSRB,ADTS2);

chi(ADCSRB,ADTS1);

cbi(ADCSRB,ADTS0);
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/' When this bit is written logic one, the digital input buffer on the

/I corresponding ADC pin is disabled. The corresponding PIN Register
/1 bit will always read as zero when this bit is set. When an analog

/I signal is applied to the ADCS5..0 pin and the digital input from this

/I pin is not needed, this bit should be written logic one to reduce

/I power consumption in the digital input buffer.

/I Note that ADC pins ADC7 and ADC6 do not have digital input buffers,
/l and therefore do not require Digital Input Disable bits.
sbi(DIDRO,ADC5D);

sbi(DIDR0O,ADC4D);

sbi(DIDRO,ADC3D);

sbi(DIDR0O,ADC2D);

sbi(DIDRO,ADC1D);

sbi(DIDRO,ADCOD);

}
wold 'I.r'l'l.'t.":".DE('n'"' '.:i}
1

3.12 How the Analog Comparator works

The Analog Comparator is an internal module of the microcontroller and it compares
the input values on the positive pin (Digital Pin 6) and negative pin (Digital Pin 7).
When the voltage on the positive pin is higher than the voltage on the negative pin
AIN1, the Analog Comparator outputs a 1 in the ACO bit of the ACSR register.
Optionally, the comparator can trigger an interrupt, exclusive to the Analog
Comparator. The associated vector is ANALOG_COMP_vect.

We can also set the the interrupt to be launched on a rising edge, falling edge or on a
toggle of the state.

The Analog Comparator is just what we need for the triggering connecting out input
signal to pin 6, now what is left is a threshold level on pin 7.

Analog Comparator Control Register

| Acsr

Digital Pin 6 \—] \

Digital Pin 7 E] T /

~> AC Interrupt

Analog

< Signal Comparator

< 8-bit bus
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3.13Setting up the Analog Comparator

In the sketch, | wrote another initialization function that sets-up all the parameters of the
Analog Comparator functioning. The same issue about ADC digital buffers

applies to the Analog Comparator, as we can see on the bottom of the routine.

void initAnalogComparator(void)

/' When this bit is written logic one, the power to the Analog

/I Comparator is switched off. This bit can be set at any time to turn
/I off the Analog Comparator. This will reduce power consumption in
/I Active and Idle mode. When changing the ACD bit, the Analog

/I Comparator Interrupt must be disabled by clearing the ACIE bit in
/I ACSR. Otherwise an interrupt can occur when the bit is changed.
cbi(ACSR,ACD);

/' When this bit is set, a fixed bandgap reference voltage replaces the
/I positive input to the Analog Comparator. When this bit is cleared,
/I AINO is applied to the positive input of the Analog Comparator. When
http://www.instructables.com/id/Girino-Fast-Arduino-Oscilloscope/
/I the bandgap referance is used as input to the Analog Comparator, it
I/ will take a certain time for the voltage to stabilize. If not

/] stabilized, the first conversion may give a wrong value.
chbi(ACSR,ACBG);

/Il When the ACIE bit is written logic one and the I-bit in the Status

/I Register is set, the Analog Comparator interrupt is activated.

/' When written logic zero, the interrupt is disabled.
chbi(ACSR,ACIE);

/I When written logic one, this bit enables the input capture function
/[ 'in Timer/Counterl to be triggered by the Analog Comparator. The
/I comparator output is in this case directly connected to the input

/I capture front-end logic, making the comparator utilize the noise

/I canceler and edge select features of the Timer/Counterl Input

/I Capture interrupt. When written logic zero, no connection between
/l the Analog Comparator and the input capture function exists. To

/I make the comparator trigger the Timer/Counterl Input Capture

[l interrupt, the ICIEL bit in the Timer Interrupt Mask Register

/I (TIMSK1) must be set.

chi(ACSR,ACIC);

Il These bits determine which comparator events that trigger the Analog
/I Comparator interrupt.

/I ACIS1 ACISO Mode
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// 0 0 Toggle

/1 0 1 Reserved

//'1 0 Falling edge
// 11 Rising edge
sbi(ACSR,ACIS1);
shi(ACSR,ACIS0);

/' When this bit is written logic one, the digital input buffer on the
/I AIN1/0 pin is disabled. The corresponding PIN Register bit will
Il always read as zero when this bit is set. When an analog signal is
// applied to the AIN1/0 pin and the digital input from this pin is not
/I needed, this bit should be written logic one to reduce power

/I consumption in the digital input buffer.

sbi(DIDR1,AIN1D);

sbi(DIDR1,AINOD);

}
vold initénalegComparatorvaid)

1

3.14 Threshold

Recalling what we said about the trigger, we can implement these two solutions for the
threshold:

using a trimmer we can manually set a voltage level;

using the PWM of the Arduino we can set the level by software.

On the image we can see the hardware implementation of the threshold in both paths.
For the manual selection, a multi-turn potentiometer put between +5 V and GND is
sufficient.

While for software selection we need a low-pass filter that filters a PWM signal coming
from the Arduino. PWM signals (more on this to follow) are square signals with a
constant frequency but a variable pulse-width. This variability brings a variable mean
value of the signal that can be extracted with a low-pass filter. A good cutoff

frequency for the filter is about one hundredth of the PWM frequency and | chose about
560 Hz.

After the two threshold sources | inserted a couple of pins that allows to select, with a
jumper, which source | wanted. After the selection I also added an emitter follower

to decouple the sources from the Arduino pin.
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3.15 How the Pulse Width Modulation works

As stated before, a Pulse Width Modulation (PWM) signal is a square signal with fixed
frequency but variable width. On the image we see an example. On each row there

is one of such signals with a different duty cycle (id est the period portion in which the
signal is High). Taking the mean signal over a period, we get the red line that
correspond to the duty cycle with respect to the signal maximum.

Electronically "taking the mean of a signal” can be translated to "passing it to a low-
pass filter", as seen on the preceding step.

How does the Arduino generate a PWM signal? There is a really good tutorial about
PWM here:

http://arduino.cc/en/Tutorial/SecretsOfArduinoPWM

We will see just the points that are needed for this project.

In the ATMega328P there are three timers that can be used to generate PWM signals,
each one of those has different characteristics that you can use. For each timer
correspond two registers called Output Compare Registers A/B (OCRnXx) that are used
to set the signal duty cycle.

As for the ADC there is a prescaler (see image), that slows down the main clock to have
a precise control of the PWM frequency. The slowed down clock is fed to a

counter that increments a Timer/Counter Register (TCNTn). This register is
continuously compared to the OCRnx, when they are equal a signal is sent to a
Waveform

Generator that generate a pulse on the output pin. So the trick is setting the OCRnx
register to some value to change the mean value of the signal.

If we want a 5 V signal (maximum) we must set a 100% duty cycle or a 255 in the
OCRnx (maximum for a 8-bit number), while if we want a 0.5 V signal we must set a
10% duty cycle or a 25 in the OCRnx.

Since the clock has to fill the TCNTn register before starting from the beginning for a
new pulse the output frequency of the PWM is:

f = (Main clock) / prescaler / (TCNTn maximum)

exempli gratia for the Timer 0 and 2 (8-bit) with no prescaler it will be: 16 MHz / 256 =
62.5 KHz while for Timer 1 (16-bit) it will be 16 MHz / 65536 = 244 Hz.
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| decided to use the Timer number 2 because

Timer 0 is used internally by the Arduino IDE for functions such as millis();
Timer 1 has an output frequency too slow because it is a 16-bit timer.
In the ATMega328P there are different kinds of operation mode of the timers, but what
| wanted was the Fast PWM one with no prescaling to get the maximum possible

output frequency.

— Signal
100% Megg

Main Clock

1 , {
80% Prescaler

{
‘ I
] ‘ ] 60Y ?Emef'éik

Timer Control Registers

[ TccR2A

Y TCNT2

[ i | 407, [+ register
\ |

1

OCR2B
i | 207 register

0% pulse Width

-«— Signal

Modulation - S-Bit bis

Period

3.16 Setting up the PWM

|

[ TCCR2B |

[=;">

Waveform
generator

_>[::Pin 3

PWM Timer
scheme

In the sketch, | wrote another initialization function that sets-up all the parameters of the

Timer functioning and initializes a couple of pins.
void initPins(void)

Il These bits control the Output Compare pin (OC2A) behavior. If one or
I/l both of the COM2A1.:0 bits are set, the OC2A output overrides the
/I normal port functionality of the 1/O pin it is connected to.

/ However, note that the Data Direction Register (DDR) bit

/I corresponding to the OC2A pin must be set in order to enable the

/l output driver.

/I When OC2A is connected to the pin, the function of the COM2AL1:0 bits

Il depends on the WGMZ22:0 bit setting.

1

/l Fast PWM Mode

/l COM2A1 COM2A0

/1 0 0 Normal port operation, OC2A disconnected.

/101 WGM22 = 0: Normal Port Operation, OCOA Disconnected.

[ WGM22 = 1: Toggle OC2A on Compare Match.

/10 Clear OC2A on Compare Match, set OC2A at BOTTOM
/11 Clear OC2A on Compare Match, clear OC2A at BOTTOM
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chi(TCCR2A,COM2AL);

cbi(TCCR2A,COM2A0);

sbi(TCCR2A,COM2B));

cbi(TCCR2A,COM2B0);

/I Combined with the WGM22 bit found in the TCCR2B Register, these bits
/I control the counting sequence of the counter, the source for maximum
/[ (TOP) counter value, and what type of waveform generation to be used
/I Modes of operation supported by the Timer/Counter unit are:

/I - Normal mode (counter),

Il - Clear Timer on Compare Match (CTC) mode,

Il - two types of Pulse Width Modulation (PWM) modes.

1l

[l Mode WGM22 WGM21 WGM20 Operation TOP

// 0 000 Normal OXFF

//1001PWM OxFF

//2010CTC OCRA

/13011 Fast PWM OxFF

//410 0 Reserved -

//5101PWM OCRA

/6110 Reserved -

/['7111FastPWM OCRA

cbi(TCCR2B,WGM22);

sbi(TCCR2A,WGM21);

shi(TCCR2A,WGM20);

/I The FOC2A bit is only active when the WGM bits specify a non-PWM
/l mode.

/I However, for ensuring compatibility with future devices, this bit

I/l must be set to zero when TCCR2B is written when operating in PWM
/l mode. When writing a logical one to the FOC2A bit, an immediate

/I Compare Match is forced on the Waveform Generation unit. The OC2A
I/ output is changed according to its COM2A1.:0 bits setting. Note that

Il the FOC2A bit is implemented as a strobe. Therefore it is the value

Il present in the COM2AL:0 bits that determines the effect of the

/I forced compare.

/I A FOC2A strobe will not generate any interrupt, nor will it clear

/I the timer in CTC mode using OCR2A as TOP.

/I The FOC2A bit is always read as zero.

chbi(TCCR2B,FOC2A);

cbi(TCCR2B,FOC2B);

Il The three Clock Select bits select the clock source to be used by
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/I the Timer/Counter.

// CS22 CS21 CS20 Prescaler

/10 0 0 No clock source (Timer/Counter stopped).
/0 0 1 No prescaling

/0108

/101132

//10064

//101128

/1110256

/11111024

cbi(TCCR2B,CS22);

cbi(TCCR2B,CS21);
http://www.instructables.com/id/Girino-Fast-Arduino-Oscilloscope/
sbi(TCCR2B,CS20);

pinMode( errorPin, OUTPUT );

pinMode( thresholdPin, OUTPUT );
analogWrite( thresholdPin, 127 );

}
vold initPinstwoid)

1

Pt B

3.17 Volatile variables

I can not remember where, but I read that variables that are modified inside an ISR
should be declared as volatile.

Volatile variables are variables that can change during time, even if the program that is
running does not modify them. Just like Arduino registers that can change value

for some external interventions.

Why does the compiler want to know about such variables? That is because the
compiler always tries to optimize the code that we write, to make it faster, and it
modifies

it a little bit, trying not to change its meaning. If a variable changes by its own it could
seem to the compiler that it is never modified during execution of, say, a loop and it
could ignore it; while it could be crucial that the variable changes its value. So declaring
volatile variables it prevents the compiler to modify the code concerning those.

For some more information | suggest to read the Wikipedia page:
http://en.wikipedia.org/wiki/\Volatile_variable
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DCBUFFERSIZE];

extern

extern

extern commandBuf fer[ COMBUFFERSIZE+1];

3.18 Writing the kernel of the sketch

Finally we have gotten to the kernel of the program!

As we saw before, | wanted a continuous acquisition and | wrote the ADC Interrupt
Service Routine to store in the circular buffer the data continuously. It stops whenever
it reaches the index that is equal to stopIndex. The buffer is implemented as circular
employing the modulo operator.

ISR(ADC_vect)

{

/I When ADCL is read, the ADC Data Register is not updated until ADCH
/'is read. Consequently, if the result is left adjusted and no more
/I than 8-bit precision is required, it is sufficient to read ADCH.
/I Otherwise, ADCL must be read first, then ADCH.
ADCBufferfADCCounter] = ADCH,;

ADCCounter = ( ADCCounter + 1) % ADCBUFFERSIZE;

if (wait)

{

if ( stopIndex == ADCCounter )

{

/I Freeze situation

// Disable ADC and stop Free Running Conversion Mode

chbi( ADCSRA, ADEN );

freeze = true;

b
¥
¥

The Analog Comparator Interrupt Service Routine (that is called when a signal passes
the threshold) disables itself and tells the ADC ISR to start the waiting phase and

sets the stopIndex.
http://www.instructables.com/id/Girino-Fast-Arduino-Oscilloscope/
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ISR(ANALOG_COMP_vect)

{

// Disable Analog Comparator interrupt
chi( ACSR,ACIE );

/[ Turn on errorPin

/[digitalWrite( errorPin, HIGH );

sbi( PORTB, PORTB5 );

wait = true;
stoplndex = ( ADCCounter + waitDuration ) % ADCBUFFERSIZE;
}

This was really easy after all that grounding!

ter = ( ADCCounter + 1 ) % ADCBUFFERSIZE;

ISRCANALOG_COMP_vect)
{

( stopIndex == ADCCounter )
L cbi( ACSR,ACIE );

cb1( ADCSRA, ADEN );
sb1( PORTB, PORTBS );
freeze = 3
} wait = H
stopIndex = ( ADCCounter + waitDuration ) % ADCBUFFERSIZE;

3.19 Building Arduino Project

Building the Arduino project is the process of converting (compiling) the code you just
wrote into machine level code that the processor can understand. The Arduino IDE is
the software tool that does the compiling. The machine level code is a set of basic
instructions that the processor uses to perform the functions the user code. Browse to
the \Projects_Arduino\Arduino_Fast Oscilloscope\ Arduino_Fast
Oscilloscope_Code_U2\ folder of the UNO_FAST OSCILLOSCOPE_PROJECT_CD.
Locate the Arduino_ Fast Oscilloscope_Code_UZ2.ino file.

To compile your code,
e Open up the Arduino IDE
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| » Computer » Jolly Laptop PC () » Jolly » Products » Arduin » arduino-101 »

Il Organize » [E) Open Bumn New folder
|

|| Download * Name
I\ Drivers i
I\ drivers
|\ FunctionalSpec '
|| eamples
I\ License
— b hardware
|, Products H
I jova
|| Altera »
I
|, Aptina
A: . 1. libraries
|| Arduino
|| reference
. arduine-1.01 toal.
|| tools
J| MEGA 2560
" | arduino.ee
Il Uno
2] eygiconv-2.dll
Atmel

%l cvawind.dil

Shared witl

' sketen_oct27a

e Load your code into the Sketch.
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Open an Arduino sketch

Lookin: || Arduino_Analog_Monitor Code_U2 - @7 e mr
7 Name * Date modified Type
el (=] Arduino_Analog Monitor Code U2.ino 5/18/2013 11:46 AM _ INO File
Recent Places
Desktop
=
Libraries
LY
Computer
.
LH T 0 y
Network
Fie name Ardino_Analog_Moritor_Code_UZin -
Fies of type [ Fies ) v [ Cancel |
|-
{8 Arduino_Analog_Monitor_Code_U2 | Arduino 101 = &= =

File Edit Sketch Tools Help

Arduino_Analog_Monitor_Code_U2

FE
Copyright Earth People Technology Inc. 2013 B

m,

Analog Monitor; 3ix Chamnel Analog
Sampler

Platform: EPT-570-AF-UZ
e

int Adc¥alue; |
int UpperddcValue;

void setup ()

{
DDRD = E11111111; //Ser Porc D as outputs
FORTD &= BL11111111: //Turn on Fort D pins

DDEE = BOOL11111; //%et Port B as outputs
PORTE &= BOOOOOOOO; //Turn on Port B pins i

e Click the Verify utton
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Arduino_Anzlog_Monitor Code_U2 | Arduino 1.0.1 ‘ E=ra

File Edit Sketch Tools Help

Arduing_Analog_Monitor_Code_U2

IE -
Copyright Earth People Technology Inc. 2013

Analog Monitor; 5ix Channel aAnalog
Sampler

FPlatform: EPFT-570-AP-TUZ
i

int AdcValue;
int Upperidc¥alue;

woid setup ()

{
DDRD = B11111111; //5et Fort D as outputs
PORTD &= B11111111; //Turn on Port D pins

DDRE = BOO11111l; //5et Fort B as outputs
PORTE &= BOOOOOOOO; //Turn on Fort B pins

Arduino Uno on CORG

e |f there are no errors, the compiling will complete successfully

sketch size: 1 yhe maximam)

Arduine Une

Now we are done with compiling and ready to program the Arduino

3.20 Programming the Arduino

Programming the Arduino is the process of downloading the user’s compiled code into
the Flash memory of the Atmel ATMega328 chip. Once the code is downloaded, the
Arduino IDE resets the chip and the processor starts executing out of Flash memory.

To program the Arduino
e Connect the USB cable from PC to Arduino
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—

e Plugin your board and wait for Windows complete the driver installation
process.

e Next, click on Tools and select Serial Port, then click the available port.

Arduine_Analog_Monitor_Code_U2 | Arduino 1.0.1 — El‘ﬁlg

File Edit Sketch Help

Auto Format Ctrl+T
Archive Sketch
Arduino_Analo Fix Encoding & Reload
Serial Monitor Ctrl+Shift=M i
int AdcValu
int Upperid Board b —
3 =
void setu () Serial Port |:v/ COME ‘
! Programmer 3 i
DDRED = E11l1
PORTD &= EL Burn Bootleader

DDRE = BOO111111; //%et Port B as outputs
PORTE &= BOODOOOOO: //Turn on Port B pins

'

void loop ()
{

delay(10); //Delay 10 us

/4 Read Analog Signal O -

e To load the code, click on the Upload button.

Page

39



h EARTIHPEOPLE

TECHNOLOGY

Fast Arduino Oscilloscope Project User Manual

. .
Arduine_Analog_Monitor_Code_U2 | Arduino 1.0.1 h s oL

File Edit Sketch Tools Help

Arduino_Analog_Monitor_Code_ U2

int AdcValue:
int UpperidcWalue;

m

void setup()

{
LDRI = B11111111; //%et Port D as outputs
PORTD &= B11111111; //Turn on Fort I pins

DDEE = BOOL1111l; //%et Fort B as outputs
PORTE &= BOOOOOOQD: //Turn on Port B pins

+

void loop ()
{

delay(l0); #/Delay 10 ns

/¢ Fead &nalog Jigmal 0 o

When the code has completed loading, the Arduino IDE will automatically command
the processor to start executing the code. The Arduino is now ready for the EPT-570-
AP.

4 CPLD Active Transfer EndTerms Coding

The EPT-570-AP will accept the digitized data sampled by the Arduino and transfer it
to the PC. It is designed to plug directly into the Arduino Uno and there is no need for
external wires to be added. The Active Transfer Library is used to send the data to the
PC. The Active Transfer EndTerms are used to connect the Active Transfer Library to
the user code. This makes it easy to transfer data to and from the PC via the USB. The
user needs to create a state machine to control the transfer between the incoming data
and the Active Transfer EndTerms.

4.1 Define the User Design.

In this step we will define the user’s code and include EndTerms and the EPT Active
Transfer Library. The Active Transfer Library contains a set of files with a “.vgm”
name extension which select particular operations to perform (e.g., byte transfer, block
transfer, trigger).. The active_transfer_library.vgm file must be included in the top level
file of the project. The EndTerms will connect to the active_transfer_library and
provide a path to connect user code to the library. All of these files are available on the
Earth People Technology Project CD.

Page

40



2 EARTHPEOPLLE

TECHNOLOGY

Fast Arduino Oscilloscope Project User Manual

TRIGGER ENDTERM
ACTIVE TRANSFER SINGLE TRANSFER
LIBRARY ENDTERM USER Co

BLOCK ENDTERM

We will build our CPLD project using Quartus 11 software from Altera. The primary file
defining the user’s CPLD project is named “EPT_570_AP_U2_Top.v”. It defines the
user code and connects the active_transfer_library and Endterms.

www.asic-world.com/verilog/introl.html#Introduction

4.2 Select the Input/Outputs

We need to set the inputs and outputs for EPT_570_AP_U2_Top.v. The I/O nets will
stay the same for all EPT projects. All of the usable pins are connected to traces on the
EPT-570-AP board and serve specific functions. However, the pins that connect to the
Arduino can be set to either inputs or outputs. It is in the port section of the Verilog
module that the Arduino pins can be set. For the Fast Oscilloscope, we will read from
the J8 and J10 connectors. So, we set these as inputs. Since the analog inputs to the
Arduino are on the J9 connector, we will set it up as inputs. The following nets are used
to connect to the EPT-570-AP connectors.
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Arduino Uno

Signal Port Pin | Connector

ADC C 5t04 IOL
Bits1to 0

Write Enable
ADC Bit 7 B 5 IOH
ADC Bit 6 B 4 IOH
Connects

ADC Bit5 B 3 IOH To
ADC Bit 4 B 2 IOH
ADC Bit 3 B 1 IOH
ADC Bit 2 B 0 IOH

EPT-570-AP

Connector

Pin

Port

Signal

J8

6to4

LB_IOL

Fast
Oscilloscope_
lower byte

J10

LB_IOH

Fast
Oscilloscope

upper_byte(1)

J10

LB_SER

Fast
Oscilloscope

upper_byte(0)

J10

LB_IOH

Fast
Oscilloscope
address(2)

J10

LB_IOH

Fast
Oscilloscope
address(1)

J10

LB_IOH

Fast
Oscilloscope
address(0)

J10

LB_IOH

Fast
Oscilloscope_
en

Each net is followed by the net type wire or reg. If it is a vector, the array description

must be added.
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module EFT_ 570 _AF T2 Top |

input wire [1:0] aa,

inpunt wire [1:0] bc _in,

ontput wire [2:0] bc _out,

inont wire [7:0] bBd inout,

input wire [1:0] LE SER, S/XICH —— J10
input wire [5:01] LE _AD, S SRD - Ja

input wire [7:0] LE ICH, S/EIOH —- J10
inpunt wire [7:01 LB _TOL, S FXIOL —- J8

S fTransceiver Control Signals

ontput wire TR _DIR 1,
ontpnt reg TR CE 1,

ontpnt wire TR_DIR 2,
ontput reg TR OE 2,

ontput wire TE DIR 3,
ontput reg TR CE_3,

inpunt wire SW_USER 1,
inpunt wire SW_USER 2,
ontput wire [3:0] LED

)

4.3 Registers and Parameters

4.4 Assignments

Next, add the assignments. These assignments will set the direction of the bus
transceivers that interface to the Arduino I/0’s. The transceivers also include an output
enable bit.

4.5 Reset Circuit

The reset signal is generated by a counter that starts counting upon power up. When the
counter reaches GLOBAL_RESET_COUNT.
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'._.'.RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
i - .-
/i Reset Signal
R R R R R R R E R R R R R E R R R R

always @ (posedge CLE TN or negedge aa[C])

begin
if{laa[C])
begin
reset_signal reg <= H
rezet_counter <= 0;
end
else
begin
if( reset_counter < GLOBAL RESET COUNT )
begin
reset_signal reg <= H
reset counter <= reset counter + H
end
else
begin
reset_signal reg <= H
end
end

4.6 Input Registers

The section labled “Register the Inputs” applies the inputs from the Arduino to clocked
registers. This will eliminate any noise on these inputs from propagating through to the
state machines of the CPLD.

4.7 Start/Stop and Write Enable detection

Next, we will add the transfer detection signal from the Arduino. This block will sample
the Write Enable signal and wait for it to go high.

PORTSB.& D OWalr for Start_Stop Control to be Asserted from Analog Monitor Window
10 BIT VALUE
V 0 Wait for Write Enable to Assert j

ENDTERM ADDRESS
JR—————

SWRITE ENABLE
—_— .

It is also used to provide start/stop control for the CPLD code. This block will use four
registers to control the data and starting the state machine.
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e transfer_write_reg —This is a latch register to hold the state of the Write Enable.

o transfer_write —This register is used to start the state machine and initiate the

multi byte write to the PC.

e transfer_write_data —This is a 10 bit register to hold the value of the analog

sample from the Arduino.

e transfer_address — 8 bit register to hold the EndTerm address from the Arduino.
The start_stop_cntrl signal is monitored every clock cycle. If it is sampled high, the
output enables of the 74L\VC4245 transceivers are set low and the outputs become
active. When start_stop_cntrl goes low, the output enables of the 74L\VC4245
transceivers are set high and sets the outputs to inactive.

4.8 Transfer Control Register State Machine

The start_stop_cntrl signal is set by using the TRANSFER_CONTROL state machine
in the following section. So, if the start_stop_cntrl signal is set, the CPLD code will
enter the conditional branch code and wait for the Write Enable signal to assert.

Next, we add the TRANSFER_CONTROL state machine to read the Control Register
from the Host PC using the active_transfer EndTerm. This state machine will decode
the 8 bit control register only after a sequence of three 8 bit bytes in the order of 0x5a,
0xc3, 0x7e. The operation of the state machine is as follows.

1. The TRANSFER_CONTROL state machine will stay in the idle state of the
parallel encoder until a byte from the active_transfer transfer_to_device register
receives a Ox5a.

2. This will cause the transfer_control_state to be changed to
TRANSFER_CONTROL_HDR1.

3. The state machine will stay in the TRANSFER_CONTROL_HDRL1 state until
the next byte is read from the active_transfer.

4. If the byte from transfer_to_device is a 0xc3, the transfer_control_state will be
changed to TRANSFER_CONTROL_HDR2.

5. If the byte from transfer_to_device is not a 0xc3, the transfer_control_state will
go back to idle.

6. Inthe TRANSFER_CONTROL_HDR?2 state , the state machine will stay in this
state until the next byte from the active_transfer is received.

7. If the byte from transfer_to_device is a 0x7e, the transfer_control_state will be
changed to TRANSFER_DECODE_BYTE.

8. If the byte from transfer_to_device is not a Ox7e, the transfer_control_state will
go back to idle.

9. Inthe TRANSFER_DECODE_BYTE state , the state machine will stay in this
state until the next byte from the active_transfer.

10. The next byte transferred from active_transfer will be decoded as the Control
Register.
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The bits of the Control Register are defined below.

Register Bits Description Assertion
Control 0 Start Stop Cntrl High

1 Not Used

2 LED Reset High

3 Switch Reset High

4 Transfer In Loop Back High

5 Not Used

6 Not Used

7 Not Used

7 Not Used

4.9 USB Transfer State Machine

The USB Transfer State Machine is quite a bit different than the Transfer Control state
machine. It is two always statement one-hot finite state machine. It is used here because
it provides high speed glitch free operation. One hot means that it has one register for
each state. The two always block setup allows a synchronous operation to be relegated
to moving the state machine to the next state.

{ Hext State Logic
alway= @ (posedge CLE 66 or negedge RS5T)
begin
if (!'RET)
begin
state <=
atate[IDLE] <=
end
el=e
state <= next;
end

An asynchronous always block is used to select which state will be the next state. All of
the outputs are handled in their own always blocks and separate from the state machine.
ff State Definitions
always @ ( state or transfer write or firstc byte complete or
second byte complete or transfer write or start_transfer array or
transfer busy array)
kegin
next =

This asynchronous always block is the one which causes the state machines conditional
branches to update. If the conditional branches are not updated with the correct inputs,
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then the next[...] statement will not get updated with the correct state and the state
machine could get stuck in the wrong state. So, each input into the state machine MUST
be entered into the sensitivity list of the “State Defiinitions” always block.

START
TRANSFER

SECOND
BYTE RDY

If{byte_stored)

Ifibyte_transferred)

The state machine stays in state[IDLE]
In state[STORE_FIFO_COUNT],

In state [START_SEND_BLOCK].

In state [FIFO_HI]

In state[FIFO_LO]

In state[INCR_COUNT]

In state[BLOCK_SEND_COMPLETE]

NookrwnpE

4.10 EndTerm Instantiation

4.11 Compile/Synthesize the Project

The Quartus Il application will compile/ synthesize the user code,
active_transfer_library, and the Active EndTerms. The result of this step is a file
containing the CPLD code with “*.pof”. First, we need to create a project in the
Quartus Il environment. Follow the directions in the section: “Compiling, Synthesizing,
and Programming CPLD” of the User Manual.

Bring up Quartus I, then use Windows Explorer to browse to
c:/altera/xxx/quartus/qdesigns create a new directory called: “EPT_Fast Oscilloscope”.
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Open Quartus 11 by clicking on the icon .

|9 Quartus I 32-bit

Fle Edit View Project Assignments Processing Tools Window Hep 5
D@ g r®mox[ = CJE¥ /LT Y 0B M &6
TIr R RERCEEY N N w2 ©

[Project Navigator @8 x

& compiation Hierarchy

UL Online Training

Class for Free

| Learn What's New

Take Free Online Training

AITERA

a
By verarchy | B) Fles | & DesignUnits |
- EHOQUARTUS' 11
Flow: [Compiltion | [customize... | 1
Tack a Version 12.0

4 P Compile Design

b P Analysis & Synthesis 3 w BuyS re
b W Fitter (Place & Route) i
> P Assembler (Generate programming files .

b P TimeQuest Timing Analysis

m * ©  Documentation

XV <<Searchz> v

omx| [

TIype Message ‘
3

g«
ﬁl System f\_Processing /\ Extra Info /\_Info /\_Warning /\_Critcal Warning /\_Error /\_Suppressed /\ Flag /
#[Location: ][ Lecate |

0%  00:00:00

Under Quartus, Select File->New Project Wizard. The Wizard will walk you through
setting up files and directories for your project.
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| Quartus 11 32-bit 7
Edit View Project Assignments Processing Tools Window Help @
(O new... Cirl+
| & open... cirl+0

Close Cirl+F4

@ Mew Project Wizard...

=

[ Open Project... Ctrl+1
Save Project
i Close Project
Download
H save cl+s
Save As...
& saveal Ctrl+Shift+5

File Properties...

Create { Update 3

Export...

Convert Programming Files. ..

Q]  Page Setup...
E{ Print Preview

& print... crl+p
Recent Files 3
Recent Projects 3
Exit Alt+F4
2\_system /\ Processing /\ Exira Info /\ Info /\ Warning /\_Critical Wamning /\ Error /\ &
|Lucanon:

| Starts the New Project Wizard

@4 New Project Wizard x

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

What is the working directory for this project?

C:faltera/12, 1sp1/quartus/qdesigns/EFT_Data_Collector E
What is the name of this project?
EPT_S70_AF_U2_Top )

What is the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.

EPT_570_AP_U2_Top ()

Use Existing Project Settings...

<Back | [ Mext> | [ Fnmsh || cancel |[ Hep |
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At the Top-Level Entity page, browse to the c:\altera\xxx\quartus\qdesigns\EPT_Fast
Oscilloscope directory to store your project. Type in a name for your project
“EPT 570 AP U2 Top”.

Follow the steps up to Add Files. At the Add Files box, click on the Browse button and
navigate to the project Fast Oscilloscope install folder in the dialog box. Browse to the
\Projects HDL\EPT _ Fast Oscilloscope \EPT_570_AP_U2_Top folder of the EPT
USB-CPLD Development System CD. Copy the files from the \src directory.

e Active_transfer.vgm
Active_trigger.vgm
Active_transfer_library.vgm
eptWireOr.v
ETP_570_AP_U2_Top.v

Add the files:

Category: -Device. “ |
Gened
Files I
Libraries 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

4 Operating Settings and Conditions project.
Voltage
Temperature File name: ) add

[N

Compilation Process Settings
Early Timing Estimate File Name Type Library  Design Entry,
Incremental Compilation .. fsrc/eptWireOR. v Verilog HOL File <MNone >
Physical Synthesis Optimizations «fsrc/EPT_S570_AP_U2 Top.v Verilog HOL File <Mone = Remove

EDA Tool Settings ..ferc/active_trigger.vam Verilog Quartus Mapping File <Mone =
Design Entry/Synthesis ..fsrcfactive_transfer_library.vgm Verilog Quartus Mapping File <None > Up
Simulation ..fsrcfactive_transfer.wgm Verilog Quartus Mapping File <MNone >
Formal Verification Daown

[N

Board-_evel . .
Analysis & Synthesis Settings Properties

WHOL Input

Werilog HOL Input

[N

Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler
Design Assistant
SignalTap 11 Logic Analyzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
55N Analyzer

| mm | 3

[ ¥ Buy Software ] [ oK ] I Cancel l Apply

Select Next, at the Device Family group, select MAX 11 for Family. In the Available
Devices group, browse down to EPM570T100C5 for Name.
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Select Next, leave defaults for the EDA Tool Settings.

Select Next, then select Finish. You are done with the project level selections.

4.12 Synthesizing

With the project created, we need to assign pins to the project. The signals defined in
the top level file (in this case: EPT_570_AP_U2_Top.v) will connect directly to pins on
the CPLD. The Pin Planner Tool from Quartus Il will add the pins and check to verify
that our pin selections do not violate any restrictions of the device. In the case of this
example we will import pin assignments that created at an earlier time. Under
Assignments, Select Import Assignments.

€4 Quartus I 64-Bit - C/altera/12.1spl/quartus/qdesigns/EPT_Transfer_Test/EPT 570 AP_U2 Top - EPT_STOAP.U2Top = ol ). [

File Edit View Project [Assi ] Processing  Tools Window Help 5

Search altera.com

DS @ % Gag¥y Devee
Progctiavgster | < SHngs

Entity TimeQuest Timing Analyzer Wizard...
Ay MAX T EPMSTOT100CS

» EPT_570_AP_U2 Top it P
nnnnnnn

p Assignment Editor

Remove Assignments...

§% Back-Annotate Assignments...
Import Assignments..
Export Assignments...

Assignment Groups...

LogicLock Regions Window

Ay Hierarchy IEHWES [

[Tasks

[Flow: [conulanon

Task
4 P Compile Design

b B Analysis & Synthesis

» B Fitter (Place & Route)

» B pssembler (Generate programmin

» B TimeQuest Timing Analysis

» W EDA Netlist Writer

Ui Program Device (Open Programmer)

n b

SO0 r2 GO R @ P A 9D

Ctrl+Shift+E

ATTERA
QUARTUS II

Version 12.1

¥ Buy Software

(] View Quartus Il
Information

@ Documentation

«
g @ T <Searchs>
¥ e

Type ID Messag

lessages

»

«
;' System /\_Processing f

Imports assignments from other sources

0%  00:00:00

At the Import Assignment dialog box, Browse to the
\Projects HDL\EPT_Transfer_Test \Altera_ EPM570_U?2 folder of the EPT FAST
OSCILLOSCOPE_PROJECT CD. Select the “EPT 570 AP U2 Top.qsf” file.
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& mport Assigrment N STEFE RN N | -

Specify the source and categories of assignments to import.

File name: echnology /EPT USB-CPLD Development System CD/Projects_HDL/EPT _Transfer_Test/altera_EPM570_U2/EPT_S70_AP_UZ2_Top.gsf E]
Copy existing assignments into EPT_570_AP_Transfer_Test. gsf.bak before importing

[ QK ][ Cancel H Help ]

Next, we need to add the Synopsys Design Constraint file. This file contains timing
constraints which forces the built in tool called TimeQuest Timing Analyzer to analyze
the path of the synthesized HDL code with setup and hold times of the internal registers.
It takes note of any path that may be too long to appropriately meet the timing
qualifications. For more information on TimeQuest Timing Analyzer, see

http://www.altera.com/literature/hb/qts/qts_qii53018.pdf?GSA_pos=1&WT.0ss_r=1&
WT.oss=TimeQuest Timing Analyzer

Browse to the \Projects HDL\EPT _ Fast Oscilloscope \Altera EPM570_U2 folder of
the EPT USB-CPLD Development System CD. Select the
“EPT_570_AP_U2_Top.sdc” file.

— — — g - — -

@Q-\ | « Products » Earth People Technology b EPT USB-CPLD Development System CD » PrujadsfHDL » EPT_Data_Collector » EPT_570_AP_U2 Top » ~ |43 [f Se
s
Organize * | |Open  Sharewith v  Bum  Newfolder
. Earth People Technelogy *  Name B Date modified Type Size
. EPTI2C PrDJEEt cD || EFI_3/U_AP_UZ_lop.Jit.summary 373015 LLL AM SUMMARY File 1 KB
| EPT Projects Folders |1 EPT_570_AP_U2_Top flow.rpt 3/2013L12AM  RPTFile 7K8
| EPT USB-CPLD Development System CD || EPT_570_AP_U2_Top jdi 3/3/2013112AM  UDIFile 1K8
| Arduino_IDE || EPT_570_AP_U2_Top.map.rpt 33/20131:12AM  RPT File 42K8
| Documentation || EPT_570_AP_U2_Top.map.smsg 3/20131:12AM  SMSG File 1KB
| Drivers || EPT_570_AP_U2_Top.map.summary 33/20131:12 AM  SUMMARY File 1KB
| Projects._ActiveHost 328it | L EPT570_4P_U2 Top.pin 33/20131:12AM  PINFile 15KE
| Projects_ActiveHost_64Bit ‘E‘ |_| EPT_570_AP_U2 Top.pof 3/3/20131:12 AM POF File 15KB
| Projects_ Arduino || (&) EPT_570_4P_U2 Top.gpf 10/22/201212:04 .. QPFFile 2K8
Projects_ HDL |1 EPT_570_AP_U2_Top.qsf 1/28/201312:07 AM  QSF File 6KB
| EPT_Data_Collector |1 EPT_570_AP_U2_Top.qsf.bak 10/22/201212:05 ..  BAKFile 3KE
| EPT_S70_AP_M4_Top |1 EPT_570_AP_U2_Top.qws 33/2013131AM QWS File 2K8
| EPT_S70_AP_U2_Top || EPT_570_AP_U2_Top.sdc 1/24/201310:01 PM  SDC File 4KB
b src || EPT_570_AP_U2_Top.sta.rpt 3/3/20131:12AM  RPTFile 139 KB
| | EPT Transfer Test || EPT_570_AP_U2_Top.sta.summary 33/20131:12 AM  SUMMARY File 1KB
| Quartus_Programmer - |_| EPT_570_AP_U2_Top_assignment_default. 1/24/2013 9:18 PM QDF File 56 KB
EPT_570_AP_U2_Top.sdc State: B Shared Size: 339 KB Shared with: Homegroup
SDC File Date modified: 1/24/201310:01 PM Date crested: 1/28/201311:30 PM

Copy the file and browse to c:\altera\xxx\quartus\qdesigns\EPT _Fast Oscilloscope
directory. Paste the file.
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p— o w ———— - -
L st - - - e ——
6@ || » Computer » Gateway(C) » altera » 121spl » quartus b qdesigns » EPT Data Collector »
Organize » [ Open  Bum  MNewfolder
I\ qdesigns - Name : Date madified Type size
|\ EPT_Data_Collector
| db 3/14/2013 1207 AM  File folder
)\ EPT Transfer Test
i (S EPT_570_AP_U2_Top.qef 3/14/20131206 AM  QPF File 2k8
] Ite
\ - MR || EPT_570_AP_U2_Top.qsf 3/14/201312:07 AM QSF File 4KB
)| incr_comp_makefile
" ' || EPT_570_AP_U2_Top.qsfbak 3/14/20131208 AM  BAKFile 4KB
1| vhdLverilog_tutorial
|| EPT_570_AP_U2 Topsde 1/24/201310:01 PM__ SDC File G
1| sopc_builder
E altera_inspector.log.zip
Lo
1| book
|\ Brother
| CIMTEMP
4. Documents and Settings
1 Jolly
| Business Opportunities
)i Capitol_College
|\ Code FPGA
Nacimente S
EPT_570_AP_U2 Top.sdc Date modified: 1/24/2013 10:01 PM Date created: 3/14/201312:09 AM
SDC File Size: 339KB

and select the Start Compilation button.

This will cause the compile and synthesization process. After successful completion, the

screen should look like the following:

s Quartus 1 64-8it - Cyatera/12.1spl/quartus/qdesigns/EPT_Data_Collector/EPT_570_AP U2 Top - EPTST0_ AP U2 Top

A vierarchy Lﬁ\es | & pesgnuns | |
[Tasks LX) [ ]

File Edit View Project Assignments Processing Tools Window Help Seorch altermcom ®
DEH@ & 2@ 9 oli[Fsneu S EFO D r B i @ P Ae
Project Navigator i@ x ‘ @& Compilation Report - EFT_570_AP_U2_Top [x]
Entty Table of Contents 1s
A MAXI: EPMS70TI00CS 3 Flow Summary Flow Status Successful - Thu Mar 14 00:11:06 2013
4 4 EPT_ST0_AP_U2 Top =5 Flow Settings QuartusT164-Bit Version 121 Build 243 01/31/2013 5P 1 ) Web Edition
B active_transfer:ACTIVE_TRANSFER INST 23 Flow Non-Default Global Settings Rl AR M T
b B8 active_transfer_library:ACTIVE_TRANSFER L ... 9 Flow Elapsed Time LASEETy e B ARIRTE
B89 active trigger:ACTIVE_TRIGGER INST 7 Flow OS Summary [F:’"“y gp:j:;;mm&
2 eptWireOR-wireOR [E] FlowLog eviee
e e Timing Medels Final
- T o o clements 283/570(50 %)
& QuanusT al pins 51776 (67 %)
Full Compilation was successful (49 warnings) e v
‘ 0 FM blocks 0/1(0%)

Flow: [Compiation ~ | [customize..)
Task
& 4 P Compile Design 0
< b B Analysis & Synthesis 0
L4 > P Fitter (Place & Route) o
L4 I B Assembler (Generate programmin... O
< b B TimeQuest Timing Analysis o
< b B EDA Netlist Writer o
Ui Program Device (Open Programmer)
l il ] [ i 3
ORISR v
#ltype  ID Message -
() 332102 Design is not fully constrained for hold requirements
P Q Quartus II 6€4-Bit TimeQuest Timing Analyzer was successful. 0 errors, 13 warnings
I3 Running Quartus II 64-Bit EDA Netlist Writer
@ Command: quartus_eda --read settings_files=off --write settings_files=off EPT_S570_AP_U2_Top —c EPT_S70_AP_U2_Top
(§) 204018 Generated files "EPT_570_aP U2_Top.vho" and "EPT_570_&P U2_Top_vhd.sdo" in directory "C:/altera/12.1spl/quartus/qdesigns
I3 Quartus IT 64-Bit EDA Netlist Writer was successful. 0 errors, 0 warnings
ol @ 293000 guarctus II Full Compilation was successful. 0 errors, 49 warnings =
a I J v
2

System (1) J\_Processing (120)

100%  00:00:15
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If the synthesis fails, you will see the failure message in the message window. Note that
in addition to fatal errors, the compile process can produce “warnings” which do not
necessarily prevent execution of the code but which should be corrected eventually.

At this point the project has been successfully compiled, synthesized and a
programming file has been produced. See the next section on how to program the

CPLD.

4.13 Program the CPLD
The final step is programming the “*.pof™ file into the CPLD.

=

e Connect the EPT-570-AP to the PC,
e Open up Quartus II,
e Open the programmer tool

If the project created in the previous sections is not open, open it. Click on the
Programmer button.
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K ot L ettt R~ ko B

Search altera.com

File Edit View Project gnments  Processing  Tools  Window Help &

DB % 2@ 9 o [ersmaruziop - S - S )
Project Navigator 1ax| @ Compilation Report - EFT_570_AP_U2_Top
Entity Table of Contents ia

Ay MAX I EPM570T100CS
¢ 4 EPT_S70_AP_U2_Top

[EE Flow Summary

=2 Flow Settings

= Flow Non-Default Global Settings
T Flow Elapsed Time

AT TIONCE

Flow Status
Quartus 11 64-Bit Version
Revision Name
Top-level Entity Name

Successful - Wed Mar 13 22:00:21 2013

12.1 Build 243 01/31/2013 5P 1 S) Web Edition
EPT_570_AP_UZ Top

EPT_570_AP_U2 Top

B2 Flow 05 Summary [ty .
= Device EPMST0T100CS
[E| FlowLeg : il
b 1 Analysis & Synthesis Timing Models Final
- ysis S5y Total logic elements 557 /570 (98 %)
b
Fitter Total pins 51/76 (67 %)
v O3 Assembler Total virtual pins 0
5 o + || 232 TimeQuest Timing Analyzer UFM blocks @)
> Hierarchy les | ¥ Desion Units | (e » O EDA Netlist Writer
[Tasks 3ax]|
Flow: |Compiation ~| [customize... |
Task
L 4 B Compile Design o
< b B Analysis & Synthesis o
< b B Fitter (Place & Route) o
| &4 b B Assembler (Generate programmin o
¥ b B TimeQuest Timing Analysis o
< b B EDA Netlist Writer o
4 Program Device (Open Programmer)
« m V[« i v
X B @& @ T s> ~
7 ID Message o

o

332102 Design is not fully constrained for hold requirements

Quartus IT 64-Bit TimeQuest Timing Analyzer was successful.

0 errors,

5 warnings

i
) N ——
[N Running Quarcus IT 64-Bit EDA Nectlist Writer
@ Command: quartus_eda --read settings_files=off --write_settings_files=off EPT_570_AP U2_Top -c EPT_570_AP_UZ_Top
(i) 202018 Generated files "EPT_S70_AP U2 Top.vho" and "EPT_570_AP_U2_Top vhd.sdo" in directory "C:/altera/12.lspl/quartus/qdesigns
b @ Quartus II 64-Bit EDA Netlist Writer was successful. 0 errors, 0 warnings
o () 293000 guartus II Full Compilation was successful. 0 errors, 47 warnings 3
i -
ﬁ « I ] *
gL System ]\ processing (134) /
100%  00:00:24

The Programmer Window will open up with the programming file selected. Click on the

Hardware Setup button in the upper left corner.

-
Ui Programmer - C/alteraf12.1sp1/quartus/qdesigns/EPT_Transfer_ Test/EPT_570_AP_U2 Top - EPT_570_AP_U2 Top - [Chainl.cdf]

-:--Elg

File Edit View Processing Tocls Window Help 5

Search altera.com

Hardware

— ———
2, Hardware Setup...
‘to allow background programming (for MAX II and MAX V devices)

Mode: |JTAG -

Progress:

File Device Checksum

i Start
| o Stop
1| [ g% autoDetect

| ¢ Delete

Usercode

Blank-
Check

Program/ Examine

Configure

Verify Security

Bit

li: change Fie...

[ save File
1 up

1% Down

The Hardware Setup Window will open. In the “Available hardware items”, double

click on “EPT-Blaster v1.3b”.
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%Hardware&emP | 2 |

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: [No Hardware - ]

Available hardware items

Hardware Server Port Add Hardware. ..

< -Blaster v1.3b Local MBUSB-0

Remove Hardware

If you successfully double clicked, the “Currently selected hardware:” dropdown box
will show the “EPT-Blaster v1.3b”.

rw Hardware Setup ﬂ

Hardware Settings | JTAG Settings |

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

e
Currently selected hardware: ( EPT-Blaster v1.3b [MBUSB-OD v]
[

Available hardware items

Hardware Server Port Add Hardware. .. I

EPT-Blaster v1.3b Local MBUSE-0

Remaove Hardware

| |

Click the “Close” button.

Next, selet the checkbox under the “Program/Configure” of the Programmer Tool. The
checkboxes for the CFM and UFM will be selected automatically.
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Ui Programmer - Ci/altera/12.15p1/quartus/qdesigns/EPT Transfer_Test/EPT_570_AP_U2 Top - EPT_570_AP_U2_Top - [Chain2.cdfl* =]

File Edit View Processing Tools Window Help

=]

Search altera.com

@

&, Hardware Setup...| EPT-laster v1.3b [MBUSE-0]

Mode: |JTAG -

[7] Enable real-time ISP to allow background programming (for MAX IT and MAX V devices)

Progress:

File Device Checksum Usercode
i i st0p output_files/EPT_570_A... EPMS570TL00 002CD72E  FFFFFFFF
CFM
I @ Auto Detect UFM
| X Delete

0| M AddFile...

{4 Change File...

Verify ~ Blank  Examine S
Check
a a
O O
] ]

T

b save File
(2 Add Device...
tiup

J Down

i

Click on the Start button to to start programming the CPLD. The Progress bar will

indicate the progress of programming.

- - -
8 Programmer - C:/altera/12.15p1/quartus/qdesigns/EPT Transfer_Test/EPT_570_AP_U2_Top - EPT_570_AP_U2_Top - [Chain.caf (sl o= eses

File

Edit  View

Processing  Tools

Window Help 5

@

Search altera.com

2 Hardware Setup...

P T-Blaster v 1.3b [MBUSE-0]

Mode:

JTAG

Enable real-time ISP to allow background programming {for MAX IT and MAX V devices)

m File Device Checksum | Usercode  Program/  Verify = Blank-  Examine S
| DSE onfigure e
output_files/EPT_570_A... EPM570T100 002CD72E  FFFFFFFF
l CFM
I @l Auto Detect UEM
i 3 Delete
M | M AddFile...
B change File...
it Change File. . .
(4 save Fie i
% Add Device... D
T up
DI
1 pown — —|

When the programming is complete, the Progress bar will indicate success.
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Up Programmer - Cyaltera/121sp1/quartusfqdesigns/EPT Data_Collector/EPT_570_AP_U2_Top - EPT 570_AP_U2 Tap - [ChainZ.cdfl* (sl (=) e

File Edit View Processing Tools Window Help 5 Search altera.com )
EPT Blaster v1.3b [MBUSE-O) Mode: Progress: 100% (Successful)
[C] Enable real-time ISP to allow background programming (for MAX It and MAX V devices)
m File Device Checksum Usercode Program/  Verify  Blank- Examine Sex
Configure Check
gih stop output_files/EPT_570_A... EPM570T100 00313426 FFFFFFFF [ = i
CFM ] O
B B
Delete
[ add File...
" Change File...
= < 1. »
A Save File o
T PATERAY
oI
JHpown &

At this point, the EPT-570-AP is programmed and ready for use.

5 PC: C# Project Design

The final piece of the Fast Oscilloscope is the PC application. This application will
fetch the data from the CPLD of the EPT-570-AP and display it on the screen. It
includes user code, windows form, and the Active_Host DLL.

D

ACTIVE_TRANSFER _ ACTIVE_HOST
LIBRARY DLL

The Active_Host DLL is designed to transfer data from the CPLD when it becomes
available. The data will be stored into local memory of the PC, and an event will be
triggered to inform the user code that data is available from the addressed module of the
CPLD. This method, from the user code on the PC, makes the data transfer transparent.
The data just appears in memory and the user code will direct the data to a textbox on
the Windows Form.

ACTIVE_TRANSFER

MODULE DATA RCVD

EVENT!

ADDRESS [2]

The Fast Oscilloscope will perform the following functions.
Find UnoProLogic Device.

Open UnoProLogic Device.

Start the Arduino data conversion process.

Wait for data from UnoProLogic.

Add byte to ScopeBuffer.

Wait for Trigger 2 to signal End of Buffer

Display digital data on a graphics window.
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CH# WINDOW FUNCTIONALITY

(Initialize Variables, Controls, Events, Read )
Callback Function

Select EPT-570-AP Device

{ useTRansrer ¥ v

O Wait for Read Callback Event—l

READ ADC DATA BYTES INTO BUFFER

EMD OF BUFFER TRIGGER

REFRESH OSCILLOSCOPE DATA

SCALE DATA IN VERTICAL AND HORIZONTAL
DIZPLAY OSCILLOSCOPE DATA ON SCREEN

SET HORIZ
PRESS EVENT
YES

SEMD HORIZ VALUE SEND VERTICAL
TOARDUING VALLUE TO ARDLING

TOARDUIMO

5.1 Coding the C# Project

The user code is based on the .NET Framework and written in C#. The language is great
for beginners as it is a subset of the C++ language. It has the look and feel of the
familiar C language but adds the ease of use of classes, inheritance and method
overloading. C# is an event based language which changes the method of writing code
for this project. You will need to get some background knowledge in coding with C#
and the .NET Framework on the PC. For a better description of event based language
programming and C#, see the following for a turtorial

http://www.homeandlearn.co.uk/csharp/csharp.html
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5.1.1 C# Project Creation

To start the project, use the wizard to create project called “EPT_Fast Oscilloscope”.
When the wizard completes, the C# Express main window will look like the following.

Visual C# 2010

Installed Templates

Fr— Q Windows Forms Application Visual C#
Online Templates E# WPF Application Visual C2

£
5 Console Application Visual G
@ Class Library Visual C#
\3‘ WPF Browser Application Visual C#
[ oty b

EPT_Analog_Monitor

rrrrr

The setup statements create the namespace and the class for the project. There are
several other files that are created by the wizard such as FormZ1.Designer.cs,

Program.cs, Form1.resx. We don’t need to go into these support files, we will just focus

on the Form1.cs as this is where all the user code goes.

Click on File->Save Project as. Browse to C:\Users\<user name>\Documents\Visual

Studio 2010\Projects, and click Select Folder. Click the Save button.

File Edit View Project Build Debug Data Tools Window Help

P S| A aB]9 - -85 P [Dbug -| e -| | % |btnCpenDevice B o nbR

IR R R I I = e E S

Ll Solution Explorer - # %l Forml.cs [Design] > ~  Properties ~ 1 X
2| SE EPT_Analog_Monitor Project Prop ~
1.4 Solution ‘EPT_Ana\Dg._Mumtu o2 Forml === = = ‘@

a (] EPT_Analog_Monitor

Project file  EPT_Analog_Monit}

EPT_Analog_Monitor

Ci\Users\NelsonsTrfgr\Documents\Visual Studio 2010\Projects

EPT_Analog_Monitor Create directory for solution

3] Solution Exp.

@ 0 Errors | £\ 0Warnings | (i) 0 Messages
Description Fle Line Column  Project

Project File
The name of the file containing
build, configuration, and other inf...
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Locate the \Projects_ActiveHost_64Bit\EPT_Fast Oscilloscope\ folder in the
UNO_FAST OSCILLOSCOPE_PROJECT_CD. Copy the following files:

active_transfer_x64.cs
Forml.cs
Form1.Designer.cs
Form1.resx
Program.cs
ScaleFactorMenu.cs

Open a Windows Explorer window and browse to
C:\Users\NelsonsTrfgr\Documents\Visual Studio 2010 \Projects \EPT_Fast

Oscilloscope \EPT _Fast Oscilloscope. Paste the files to this folder.

@' . # Libraries » Documents » My Documents » Visual Studio 2010 » Projects » EPT_Analog_Monitor 1

Organize ~ oo Open E-mail Burn
| 4 | Projects
>\ BridgePort R2D Comms
> | EEx_MCA

4 | EPT_Analeg_Monitor
4 . EPT_Analeg_Monitor

> | bin
> | Ju obj
. Properties

4 || EPT Transfer_Test
> | J EPT_Transfer_Test

ol ] 6 items selected

State: 38 Shared
Date modified: 3/30/20131:12 AM - 5/2... Date created: 5/22/201311:13 PM

Mew folder

Documents library
EPT_Analog Monitor

3 MName :
. obj
. Properties
] active_transfer_xhd.cs
2] EPT_Analog_Monitor.csproj
2] EPT_Analog_Monitor.csproj.user
] Forml.cs

e A -

Size: 734 KB Shared with

In the Solution Explorer Window, right click on the project name, EPT_Fast

Oscilloscope and select Add-

L] EPT_Analog_Monitor - Microsoft Visual C# 2010 &
|| File Edit View Project Build Debug Data

FaE-Cdad| 4 a@9-o

>Existing Item

~ G- 5| P [Debug

Tools Window Help

|| @8 [bnC

-| |88

Solution Explorer

=3

:; Solution 'EPT_Analog_Manitor|
4 E EPT_Analog_Monitor
> [ Properties | [£f Build
- %Ra’erances Rebuild

> [=] Forml.cs
%L Publish...
] Program.cs & Publi
Add

Add Reference...

x0q00] . IRi0)dx] 3seqeeq S

Debug
# Cut
4 Paste

Remove

Rename

. | Properties

< [T
lla Selution Exp...

Select the following files:

active_transfer_x64.cs
ScaleFactorMenu.cs

Add Service Reference...

Set as StartUp Project

[==]=]
-

: ;
- x‘wumwl xE

[ o Forml

Y| Mewltem... Ctrl+Shift+4
[ Bdsting Item... Shift+Alt+ A
4 Mew Folder
2] Windows Form...
* | # UserControl...
Ctrl+X V¢ Class... Shift+Alt+C

Del

Alt+Enter
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L] Add Existing Item - EPT_Analog_Monitor

. « Projects » EPT_Analog Monitor » EPT_Analog Monitor »

Qrganize = New folder = 0 @
[ Microsoft Visual C# 2010 Express — Documents library A i
- Arrangeby: Folder ~
| Projects EPT_Analog_Monitor
L Mame Date modified Type
¢ Favorites 2
B Desktop ! bin 5/22/201311:00 PM  File folder
18 Downloads obj 5/22/201311:00 PM  File folder
3# Dropbox m Properties 5/22/201311:00 PM  File folder
%) Recent Places ] active_transfer x64.cs 5/22/20134:24 PM  Visual C# Source
. ] Forml.cs 5/22/2013 4:28 PM Visual C# Source
3 Libraries ] Form Designer.cs 4/28/201312:48 AM  Visual C# Source
) Documents (54 FormiLresx 4/28/201312:48 AM  NET Managed R
& Music ] Program.cs 3/30/20131:12 AM  Visual C# Source
[ Pictures | 4] ScaleFactorMenu.cs 4/28/2013 214 PM  Visual C# Source
B videos LAkl I | »

File name: "ScaleFactarMenu.cs” "active_transfer_x6d.cs” v | Visual C# Files (*.c5;"resxc " setti
o

Click Add.

5.1.2 C# Project Environment Setup

The project environment must be set up correctly in order to produce an application that
runs correctly on the target platform. Visual C# Express defaults new projects to 32 bits.
If your OS is a 64 bit platform, use the following directions to set up a 64 bit project.
First, we need tell C# Express to produce 64 bit code if we are running on a x64
platform. Go to Tools->Settings and select Expert Settings

Connect to Database... btnOpenDevice -l

Code Snippets Manager... Ctrl+K, Ctrl+B

§ Solution Explorer ol Forml.cs > [[Zinis B

o = ———————— @ ;
| 2 ‘ 2 El =] VfSEPTjAnalogiMum Eﬂ Extension Manager... Analog_Monitor()
'&r ; Solution 'EPT_Analog_Monitor| Slusing Syster External Tools...

[ A EPT_Analog_Menitor using Syster

r @eer. - : Settings »

= [ Properties using Systey = LT SR gE
i > [idl References using ?Sﬁe' Customize... v | Expert Settings
A 8] active_transfer_x64.cs :zi:: Sizte: Optiens... Reset...

g . ? Forml g5 using System.Text; Import and Export Settings...
z ] Program.cs using System.Windows.Forms;

2 4] ScaleFactorMenu.cs using System.Threading;

using System.Runtime.InteropServices;
using System.Diagnostics;

“Inamespace EPT_Analog_Menitor

5 public partial class EPT_Analog Monitor : Form
= public EPT_Analog_Moniter()
{

InitializeComponent();

4 . 3
£ Solution Exp... |23 0% - < =

Go to Tools->Options, locate the “Show all settings” check box. Check the box.
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4 Environment Recent files
General M  items shown in Window menu
Fents and Colors
Keyboard 10 iterns shown in recently used lists
1> Text Editor
1» Debugging

Visual experience

|¥] Automatically adjust visual experience based on client performance
Enable rich client visual experience
Use hardware graphics acceleration if available

Visual Studio is currently using hardware-accelerated rendering. The visual
experience settings automatically change based on system capabilities.

Show status bar
Close button affects active tool window enly
[] Auto Hide button affects active tool window only

Restore File Associations

ok |[ cancel |

In the window on the left, go to “Projects and Solutions”. Locate the “Show advanced
build configurations” check box. Check the box.

Options I — l 7 X3 |

 Environment Projects location:

4 Projects and Solutions c\users\nelsonstrfgridocumentsiwvisual studic 2010\Projects E]
General .
Build and Run User project templates location:

\ Text Editor chusers\nelsonstrfgridocuments\visual studio 2010\Templates\ProjectTemp E]

> Debugging User item templates location:

b Database Tools cusers\nelsonstrfgridocumentsiwvisual studie 2010\ Templates\ItemTemplat E]

[+ Text Templating

[» Windows Forms Designer

Always show Error List if build finishes with errors
[ Trpck Activedbermmn-Salution Explorer

Show advanced build configurations

[7] Save new projects when created

[#] Warn user when the project location is not trusted
[7] Show Output window when build starts
Prompt for symbelic renaming when renaming files

Show all settings

ok ][ Cancel

Go to Build->Configuration Manager.
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.#| EPT_Analog_Monitor - Microsaft Visual

Build | Debug Data Tools Window Help

e g™ - N RECNECY

=& | = E

4[] EPT_Analog_Menitor
[ [=d| Properties
> [+l References
] active_transfer_bd.cs
5] Forml.cs
#] Program.cs
#] ScaleFactorMenu.cs

4 n 3

@ Selution Exp...

B2 Class View

In the Configuration Manager window, locate the “Active solution platform:” label,

m Solution 'EPT_Analog_Monitor

* Ir;
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Build Solution F&
Rebuild Selution
Publish EPT_Analog_Monitor

Configuration Manager... 9_Monitar(

Flusing
using
using
using
using
using
using
using
using
using
| using

System;
System.Collections.Generic;
System.ComponentModel;
System.Data;

System.Drawing;

System.Ling;

System.Text;
System.Windows.Forms;
system.Threading;
System.Runtime. InteropServices;
System.Diagnostics;

Elnamespace EPT_Analog_Monitor

E||{ public partial class EPT_Analog_Monitor
E|| { public EPT_Analog_Monitor()
t InitializeComponent();
00% - fom. ] ’

select “New” from the drop down box.

— — .
Configuration Ma
Active solution configuration: Active solution platform:

[Releasa

v] |86

-

Project
EPT_Analog_Monitor

Release

Project contexts (check the project configurations to build or dep

Configuration

<Edit...»

[=] 6

[ad

In the New Solution Platform window, click on the drop down box under “Type or

select the new platform:” and select “x64”.
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v
Conﬁgumt’lT Manager — . — - |Ml

Active solution configuration:

Active solution platform:
Release -] s -

Project contexts (check the project configurations to build or deploy):

Data_Collector

Type or select the new platform:

-

Any CPU
Itanium
|

Create new project platforms

[ ok J[ cence |

Click the Ok button. Verify that the “Active Solution Platform” and the “Platform” tab
are both showing “x64”.

Configuration Mal m
Active solution cenfiguration: mﬁ(}rm:
(e e N\ 3
Project contexts (check the project configurations to buildfor deploy): \

Project Configurati Platform Build
Data_Collector Release E‘ bd lz‘

Click Close.

Then, using the Solution Explorer, you can right click on the project, select Properties
and click on the Build tab on the right of the properties window.
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File Edit View

L S

Refactor

(g | £

EPT_Analog_Monitor - Microsoft Wi

Project Build Debug Data Tools Window Help

-é:l:ll_]'ljlg§|& qﬁ:.‘j|"'] - "__:'-'}| 12 |Release

| 64

1Z2|083 @R -

8 Solution Explarer v 1 X} Forml.es X
a4 - -
g [ 2| = %SEPT_Anslog MonitorEPT_/ -] @ EPT Analog Monitor) <]
E.— ; Selution 'EPT_Analog_Monitor —lusing System; <+
E_‘ 4 E EPT_Analor o usinm Custam Callactions . Genericy -
T—% . [ Propert Build tModel; =
o > 3l Referen Rebuild
A El activet (@ publish..
= » [=] Forml.
:.E—'_ #] Prograr Add ’ Forms;
2 [E] ScaleFa Add Reference... g
Add Service Reference... InteropServices;
. ics;
Set as StartUp Project
Debug » Monitor
o Cut ks lass EPT_Analog_Monitor
4 Paste Ctrl+V
X Remove Del mlog Monitor()
Rename eComponent();
| L Alt+Enter T

L"-’f*g Selution

Exp... e

Properties

o ,

Verify that the “Platform:” label has “Active (x64)” selected from the drop down box.

EPT_Analog_Menitor - Mic

Solution Explorer
(2 &
,:; Solution 'EPT_Analog_Monitor
4 [ EPT_Analog_Monitor

> [=d| Properties
» gl References

[5] active_transfer_x6d.cs
> =] Forml.cs

4] Program.cs

=

%0gjoo] . Jai0jdxg aseqeieq Sy

ScaleFactorMenu.cs

P Sl @] 4 a9 - -85 b [Release

EPT_Analog_Menitor X [Tt

4| 1 | +
E‘E Solution Exp...

ew

|| File Edit View Project Build Debug Data Tools Window Help

| 64

'| | (9 |btn0penDevicE

R e

Forml.cs [Design]

Warning level:

Suppress warnings:

Application
Configuration: | Active (Release) - Platform: | Active (x64) -

Build
Build Events General =
Debug Conditional compilation symbols: ‘

[ Define DEBUG constant =
Resources

Define TRACE constant
Setti b

res [C] Allow unsafe code

Reference Paths Optimize code
Signing Errors and warning
Security

4 I

Next, unsafe code needs to be allowed so that C# can be passed pointer values from the

Active Host.

Locate the “Allow unsafe code” check box. Check the box
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EPT_Analog_Monitor®

Application

Configuration: ’Acti\.re (Release) v] Platform: ’Acti\.re (64 v]

Build™

General
Build Events i

Debug Conditional compilation symbols:

m

[ Define DEBUG constant
Resources
Define TRACE constant

Settings
g Allow unsafe code

Reference Paths Optimize code
Signing Errors and warnings
Security Warning levek

Suppress warnings: il

5.1.3 C# Object Initialization
Now we are ready to start coding.

Next, we add two classes for our device. One class stores the information useful for our
device for Transmit to the EndTerms such as, address of module, length of transfer etc.

f//Create an array of the Transfer Class for device
Transfer[] EPTTransmitDevice = new Transfer[8];

The next class is used to store parameters for receiving data from the device.

//Create a Receive object of the Transfer Class.
Transfer EPTReceiveData = new Transfer();

The first function called when the Windows Form loads up is the EPT_Fast
Oscilloscope _Load(). This function is called automatically upon the completion of the
Windows Form, so there is no need to do anything to call it. Once this function is
called, it in turn calls the ListDevices().

// Main object loader
private woid EPT_Analog Monitor Load(ocbject sender, System.Eventirgs e)

{

/f Call the List Devices functian
ListDevices();

5.1.4 C# Project ListDevices
The ListDevices() function calls the EPT_AH_Open() function to load up the
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CH# WINDOW FUNCTIONALITY

Initialize Variables, Controls, Events, Read Callback
Function

{  USBTRANSFER Select EPT-570-AP Device

Open EPT-570-AP Device

Send Start Control to EPT-570-AP Device

OWaitfur Read Callback Event —l

ADDRESS SELECTION

BYTE SELECTION

READ UPPER BYTE FROM TRANSFER ENDTERM
READ LOWER BYTE FROM TRANSFER ENDTERM

UPDATE TEXTBOX WITH 10 BIT ADC VALUE

ActiveHost DII. Next, it calls EPT_AH_QueryDevices() which searches through the
registry files to determine the number of EPT devices attached to the PC. Next,
EPT_AH_GetDeviceName() is called inside a for loop to return the ASCII name of
each device attached to the PC. It will automatically populate the combo box,
cmbDevList with all the EPT devices it finds.

// List Devices| function
private unsafe Int32 ListDevices ()
1
Int32 result;
Int32 num_devices;
Int32 iCurrentIndex;

// Open the DLL

result = EPT_AH Open(null, null, null);

if (result != @)
1
MessageBox.Show("Could not attach to the ActiveHost library™);
return @;

¥

// Query connected dewvices
num_devices = EPT_AH_QueryDevices();

//Prepare the Combo box for population
iCurrentIndex = cmbDevlist.SelectedIndex;
cmbDevlist.Items.Clear();

/{ Go through all available devices
for (device index = @; device index « num_devices; device index++)

1
String str;
str = Marshal.PtrToString&nsi((IntPtr)EPT_AH_GetDeviceName(device_index));
cmbDevLlist.Items.Add(str);
h
return @;
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5.1.5 C# Project Open Device
The user will select the device from the drop down combo box. This value can be sent

C#f WINDOW FUNCTIONALITY
Initialize Variables, Controls, Events, Read Callback
Function
<@> Select EPT-570-AP Device
Open EPT-570-AP Device

Send Start Control to EPT-570-AP Device

OWaitfur Read Callback Event —l

ADDRESS SELECTION

BYTE SELECTION

READ UPPER BYTE FROM TRANSFER ENDTERM
READ LOWER BYTE FROM TRAMSFER ENDTERM

UPDATE TEXTBOX WITH 10 BIT ADC VALUE

to the OpenDevice() function using the button Click of the Open button.

// Open the device

if (EPT_AH_OpenDeviceByIndex(device_index) == false)
{
printf(“"Could not open device ®s\n", EPT_AH_GetDeviceName(device_index));
exit(@);

}

The device_index variable is used to store the index of the device selected from the
combo box. This variable is passed into the EPT_AH_OpenDeviceByIndex(). This
process is started by the user clicking on the “Open” button. If the function is
successful, the device name is displayed in the label, labelDeviceCnt. Next, the device
is made the active device and the call back function is registered using the
RegisterCallBack() function. Finally, the Open button is grayed out and the Close
button is made active.
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// Open the device
public unsafe Int32 OpenDevice()
1
device_index = (int)cmbDevlist.SelectedIndex;
if (EPT_AH_OpenDeviceByIndex(device index) == @)
{

String message = "Could not open device ™ +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH GetDeviceName(device index)) + ", " +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH GetDeviceSerial(device_index));

MessageBox.Show(message);

return @;

}

else

labelDeviceCnt.Text = "Connected to device " +
Marshal.PtrToStringfAnsi((IntPtr)EPT_AH GetDewviceName(device_index)) + ", " +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH GetDeviceSerial(device_index));

¥

//{ Make the opened device the active device
if (EPT_AH_SelectActiveDeviceByIndex(device index) == @)

1
String message = "Error selecting device: s " +
Marshal.PtrToStringAnsi((IntPtr)EPT_AH_GetlLastError());
MessageBox.Show(message) ;
return 8;

1

//{ Register the read callback function
RegisterCallBack();
btnOpenbevice.Enabled = false;
btnCloseDevice.Enabled = true;

return 8;

5.1.6 C# Project Callback Initialization

Next, the callback function is populated. This function will be called from the Active
Host dll. When the EPT Device has transferred data to the PC, the callback function
will do something with the data and command.
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// Actual callback function which will read messages coming from the EPT device
unsafe void EPTReadFunction(Int32 device_id, Int32 dewice_channel, byte command, byte payload,

{

byte* message = data;

// select current device
EPT_AH SelectActiveDeviceByIndex(device_id};

//Aadd command and device_channel to the receive object
EPTReceiveData.Command = (({command & COMMAND DECODE) >»> 3);
EPTReceiveData.Address = device_channel;

ffCheck if the command is Block Receive. If so,
ffuse Marshalling to copy the buffer inte the receive
/fobject
if (EPTReceiveData.Command == BLOCK_OUT_COMMAND)
1
EPTReceiveData.Llength = data_size;
EPTReceiveData.cBlockBuf = new Byte[data_size];

Marshal.Copy(new IntPtr{message), EPTReceiveData.cBlockBuf, @, data_size);

}

else

1
¥

EPTParseReceive();

EPTReceiveData.Payload = payload;

Because the callback function communicates directly with the dll and must pass
pointers from the dll to the C#, marshaling must be used. Marshaling is an advanced C#
topic and will not be covered in this manual. We will let the callback function work in
the background and we only need to use the EPTParseReceive() function to handle
incoming data.

5.1.7 C# Project Controls

Controls such as buttons are added to the Form1.cs[Design] window which allow

turning on and off signals. These include
e btnOk

btnCancel

btnOpenDevice

btnCloseDevice

btnStart

btnStop

btnSetScaleFactor

btnResetBlockl .. 6

Textboxes are used to display information on the Windows form. These textboxes are:

Page

71



2 EARTHPEOPLLE

TECHNOLOGY

Fast Arduino Oscilloscope Project User Manual

e cmbDevList
e tbMonitorl
e tbMonitor2
e tbMonitor3
e tbMonitor4
e tbMonitor5
e tbMonitor6

5.1.8 C# Project Buttons

Although, the C# language is very similar to C Code, there are a few major differences.
The first is C# .NET environment is event based. A second is C# utilizes classes. This
guide will keep the details of these items hidden to keep things simple. However, a brief
introduction to events and classes will allow the beginner to create effective programs.

Event based programming means the software responds to events created by the user, a
timer event, external events such as serial communication into PC, internal events such
as the OS, or other events. The events we are concerned with for our example program
are button clicks or dropdown box clicks. The user events occur when the user clicks on
a button on the Windows Form or selects a radio button. We will add a button to our
example program to show how the button adds an event to the Windows Form and a
function that gets executed when the event occurs.

The easiest way to add a button to a form is to double click the Form1.cs in the Solution
Explorer. Click on the "# button to launch the Toolbox.
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5 B aaewe.

File Edit View Project Debug Data Tools Window Help
il S & a9 - ® - b [tookip - e BIE -

Pl & 2| T o |3 S B e 20 R @ | 2 2% 2¢ ey |[H [ G| 2.

fi¥ Solution Explorer * 1 3 Forml.es Forml.Designer.cs Forml.cs [Design] ¢ [EEOTRIGHE ¥ ~ Toolbox > @ x
g 31| = . l:)é\llWindmz; Fum:; B
E’T - Solution 'EPT_Transfer_Test' (1 project) o Active Host EI@ ommon Controls
"‘g, 4 [ EPT Transfer Test Kk Pointer 3
'Ei > [=dl Properties = Button
o » (i3] References v CheckBox L
(5] active_transfer.cs CheckedListBox
a4 [E] Forml.cs 4
i E8 ComboBox
% Forml.Designer.cs DsteTimePick
‘%] Forml.resx T DateTimePicker
#] Program.cs Transfer Single Byte Transfer Multiple Bytes A Label
Virie LoopBack A LinklLabel
=8 ListBox
Send Byte 255 Address 2 20 Listview
Receive Byte [#]  MaskedTextBox
m MonthCalendar
== Motifylcon
@ timerUSE [[Z  MumericUpDown
(@  PictureBox
4 1 +
e @0 ProgressBar
ﬂ’a Solution Explorer L3 —~ il
Error List ~ 0%
& 0Errors | 1\ 2 Warnings | (i) 0 Messages
Description File ° Line Column Project °

IEY LU & Find Results

Ready

Locate the button on the Toolbox, grab and drag the button onto the Form1.cs [Design]
and drop it near the top.
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< =
EPT _Transfer_Test - Microsaft Visua [
File Edit View Project Debug Data Format Tools Window Help

RS @ KSR 9 - | b |8 [tootip -]l S Bl -

PEE |l & S| T e b | B e R

L m| e HE GG S

fif Solution Explorer > 0 X Formlcs® Forml.Designer.cs™ Forml.cs [Design]” X [EISOURIETE e + Toolbox o x
g | e E| | [=] » [ b All Windows Forms o
g ol
50 [ Solution 'EPT_Transfer_Test' (1 project) adl Active Host =< 4 Commeon Controls
"‘;,‘., 4[] EPT_Transfer_Test K  Pointer =
";i » =4 Properties () Number = Button
3 » [l References T ) Serial CheckBox -
[E] active transfer.cs © Desaiption CheckedListBox
4 [E] Forml.cs L4
B8 ComboBox
‘#] Forml.Designer.cs DateTimePick:
9 FormLresx T DateTimePicker
(él Program.cs Transfer Single Byte Transfer Multiple Bytes A Label
Wiite LoopBack A LinkLabel
[E2  ListBox
Send Byte 255 Address 2 2a°  ListView
Receive Byte MaskedTextBox
[ MonthCalendar
= Motifylcon
@ timerlUS8 [Z  MumericUpDown
[  PictureBox
< | " ] »
= @D ProgressBar
l-:‘ Solution Explorer [L--8& — _ -
Error List 0 x
QD 0Errors | 1y 2 Wamings | (i) 0 Messages
Description File ‘ Line Column Project °
PGS B Find Results
Ready

Go to the Properties box and locate the (Name) cell. Change the name to
“btnOpenDevice”. Locate the Text cell, and change the name to Open.
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W EPT Transter Test - Mig

[ File Edit View Project Debug Data Format Tools Window Hep |
il (S ] & a0 e - b | [ [tooltip -] ) A e Bl B

P2 & ol T o i g | oo 35 o 3 ar | FH [ | 2| 2

Solution Explorer > 03X Forml.cs*

Sl E|EE

Forml.Designer.cs*

Forml.cs [Design]* X [ElafURiELE =X

; Solution 'EPT_Transfer_Test' (1 project)

al Active Host

~ Toolbox
> All Windows Forms

" |§ 4 Common Controls

Pointer

4 (5 EPT_Transfer_Test
> [=d| Properties
. [i3] References M
@ active_transfer.cs
4 [E] Forml.cs
%] Forml.Designer.cs
%] Forml.resx
] Program.cs

Button
CheckBox
CheckedListBox

1210)dig 3seqeieq Sy

ComboBox
DateTimePicker

Transfer Single Byte Transfer Muttiple Bytes Label
LinkLabel

Wie ( LospBack ] wue by |
ListBox

Send Byte 255 Address 2 22 |ihfiew
Receive Byte

EHerdlBEE

MaskedTextBox
MonthCalendar
Notifylcon

MNumericUpDown

) timerUss
PictureBox

N = - ProgressBar
'—‘3 Solution Explorer [l SeaFEAYEN X

b B Bl G5 el B[

Error List
QD 0Errors | _1\ 2 Wamnings | (i) 0 Messages

Description : Column Project ’

3 Error List LML a1
Double click on the Open button. The C# Explorer will automatically switch to the
Form1.cs code view. The callback function will be inserted with the name of the button
along with “_click” appended to it. The parameter list includes (object sender,
System.EventArgs e). These two additions are required for the callback function to
initiate when the “click” event occurs.

Private void btnOpenDevice_click(object sender, System.EventArgs e)

There is one more addition to the project files. Double click on the Form1.Designer.cs
file in the Solution Explorer. Locate the following section of code.

iy

/{ btnOpenDevice

I

this.btnOpenDevice.lLocation = new System.Drawing.Point(248, 13);
this.btnOpenDevice.Name = "btnOpenDevice™;

this.btnOpenDevice.Size = new System.Drawing.Size(5@, 23);
this.btnOpenDevice.TabIndex = 2;

this.btnOpenDevice.Text = "Open”;

this.btnOpenDevice.UseVisualStyleBackColor = true;

this.btnOpenDevice.Click += new System.EventHandler(thils.btnOpenDevice Click);

This code sets up the button, size, placement, and text. It also declares the
“System.EventHandler()”. This statement sets the click method (which is a member of
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the button class) of the btnOpenDevice button to call the EventHandler —
btnOpenDevice_Click. This is where the magic of the button click event happens.

private woid btnOpenDevice Click(object sender, Eventirgs e)

1
J//Open the Device
OpenDevice();
1blDeviceConnected.Text = "Device Connected”;

}

private void btnCloseDewvice_Click(object sender, Eventhrgs e)

1

EPT_AH CloseDeviceByIndex(device index);
btnOpenDevice.Enabled = true;
btnCloseDevice.Enabled = false;

1blDeviceConnected.Text = " ";

}

When btnOpenDevice Click is called, it calls the function “OpenDevice()”. This
function is defined in the dll and will connect to the device selected in the combo box.
This is a quick view of how to create, add files, and add controls to a C# project. The
user is encouraged to spend some time reviewing the online tutorial at
http://www.homeandlearn.co.uk/csharp/csharp.html to become intimately familiar with
Visual C# .NET programming. In the meantime, follow the examples from the Earth
People Technology to perform some simple reads and writes to the EPT USB-CPLD
Development System.

The btnOk and btnClose buttons are used to end the application. It calls the function
EPT_AH_CloseDeviceBylIndex() to remove the device from the Active Host dll. The
buttons btnOpen and btnClose have their Enabled parameter set to true and false
respectively. The Enabled parameter controls whether the button is allowed to launch an
event or not. If it is not enabled, the button is grayed out. At the end of each click event,
the Application.Exit() method is called. This exits the form.

Page

76


http://www.homeandlearn.co.uk/csharp/csharp.html

- EARTHPEOPLE

TECHNOLOGY

Fast Arduino Oscilloscope Project User Manual

private woid btnOk Click({ocbject sender, Eventirgs e)

{
EPT_AH CloseleviceByIndex{device_index);
btnOpenDevice.Enabled = true;
btnCloseDevice.Enabled = false;
1blDeviceConnected.Text = "";
Application.Exit();

}

private woid btnCancel Click({object sender, Eventirgs e)

{
EPT_AH _CloseDeviceByIndex(device_index);
btnOpenDevice.Enabled = true;
btnCloseDevice.Enabled = false;
1blDeviceConnected. Text = "";
Application.Exit();

}

The btnStart and btnStop buttons are used to start and stop the EPT-570-AP USB

Trasnfer. They call the function EPT_AH_SendTransferControlByte() to set the bit 0 in

the control register. The function passes the control byte to the Active Host dll. They

both operate on the click event, which are setup in the Form1.Designer.cs file
this.btnStart.Click += new System.EventHandler (this.btnStart Click);
this.btnStop.Click 4= new System.EventHandler(this.btnStop Click);

The EPT_AH_SendTransferControlByte() requires two parameters, address and control

register. The address must correspond to the correct EndTerm in the EPT-570-AP code.

private void btnStart_Click(ebject sender, Eventirgs e)

EPT_AH_SendTransferControlByte((char}2, (char)l};
h

private void btnStop_Click(object sender, EventhArgs e}

{

}
The button SetScaleFactor will call the ScaleFactorMenuOpenWindow(). This code is
explained later. It will set up textboxes, buttons, and labels at runtime for use in
retreiving the scale factors for each analog channel.

private void btnSetScaleFactor_Click(object sender, EventArgs e)

{

}

The buttons RstMonitorX (X =1 to 6) are used to call the textbox clear method. When
this is envoked the text in the textbox will be cleared.

EPT_AH_SendTransferControlByte((char)2, (char)@);

ScaleFactorMenuOpeniindow();

private void btnRstMonitor6_Click{cbject sender, EventiArgs e)

{
}

tbMonitore.Clear();
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5.1.9 C# Project EPTReadFunction Callback
When EPTReadFunction() callback is called and passed parameters from the Active

Ci#t WINDOW FUNCTIONALITY

Initialize Variables, Controls, Events, Read Callback
Function

{ USB TRANSFER Select EPT-570-AP Device

Open EPT-570-AP Device
Send Start Control to EPT-570-AP Device

OWait for Read Callback Event

ADDRESS SELECTION

BYTE SELECTION

READ UPPER BYTE FROM TRANSFER ENDTERM
READ LOWER BYTE FROM TRANSFER ENDTERM

UPDATE TEXTBOX WITH 10 BIT ADC VALUE

Host dll, it populates the EPTReceiveData object. It then calls EPTParseReceive()
function. This function uses a case statement to call the TransferOutReceive() function.
private woid EPTParseReceive()

{
switch (EPTReceiveData.Command)
{
case TRANSFER_OUT _COMMAND:
TransferOutReceive();
break;
default:
break;
¥
¥

TransferOutReceive() is the function that decodes the message, selects the EndTerm
address, reads and stores the upper byte, reads and stores the lower byte, and updates
the textboxes with the digitized values from the Arduino analog conversion. When a
transfer message has been received from the EPT-570-AP, the TransferOutReceive()
function uses the EPTReceiveData object address to conditionally branch to a set of

statements. This is done using a switch/case statement.
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public woid TransferOutReceive()

1

/{5tore the address history from the EPT Receive Object
SecondPrevicusActualaddr = FirstPreviousActualiddr;
FirstPreviousActualAddr = EPTReceiveData.Address;

/{/Main Conditional Branch for populating the Textboxes
switch (EPTReceiveData.Address)

1

case TRANSFER_OUT_ ADDRESS 1:
/{ Send the one character buffer.
if (DisplayAddress_1 & FirstDisplayByte)

{

5.1.10 C# Project Completion

This is all that is needed for the Fast Oscilloscope. The Arduino will generate a 10 bit
digitized word for each channel. It then transmits that word to the CPLD using the
Write_Enable, Address and data pins. The CPLD transmits each 10 bit word to the PC
using the Active_Transfer EndTerm, Active_Transfer Library, and One Hot State
Machine. The dll reads the 10 bit word into local memory. It then calls the Callback
function, EPTReadFunction. Each 10 bit value is finally displayed to screen using the
TransferOutReceive() function.

5.2 PC: Compiling the Active Host Application

Building the Fast Oscilloscope project will compile the code in the project and produce
an executable file. It will link all of the functions declared in the opening of the Fast
Oscilloscope Class with the Active Host dll. The project will also automatically link the
FTD2XX.dll to the object code.

To build the project, go to Debug->Build Solution.
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Window Help

[ o

F6 B4

~ | (% [btnTransferReset -] | R = Sk B G L

Publish EPT_Analog_Maonitor

Forml.cs X

~| % TransferOutReceive()

- Solution 'EPT_Analog_Monito
a (5] EPT_Analog_Menitor
> [=d Properties

Slusing System;

using System.Collections.Generic;
using System.ComponentModel;

SHl=

[ > [ob] «

» [z References
5] active transferx64.cs
= Forml.cs
%) Forml.Designer.cs
& Forml.resx
#] Program.cs
] SealeFactorbenu.cs

x0g|00] . PRiojdx3 3seqeieq
S

Pl —— 3

using System.Data;

using System.Drawing;

using System.ling;

using System.Text;

using System.Windows.Forms;

using System.Threading;

using System.Runtime.InteropServices;
using System.Diagnostics;

~Inamespace EPT_Analog_Monitor

public partial class EPT_Analog Moniter : Forn
public EPT_Analog_Monitor()

InitializeComponent();

for (int i = B; i < EPTTransmitDevice.length; ++i)

EPTTransmitDevice[i] = new Transfer();

}
N

Q:‘ Solution Exp... L ROEEAL 100 % ~ ¢ | m

Error List

@ 0Erors | f\0Wamings | (i) 0 Messages

Description

Ready

Fle Line

Ln162

Column  Project

Col 26 Ch26 INS

The C# Express compiler will start the building process. If there are no errors with code
syntax, function usage, or linking, then the environment responds with “Build

Succeeded”.

Find Results

S ENEAT

Build succeeded

F_.‘._; Error List -ﬂ Find Results

If the build fails, you will have to examine each error in the “Error List” and fix it

accordingly. If you cannot fix the error using troubleshooting methods, post a topic in
the Earth People Technology Forum. All topics will be answered by a member of the
technical staff as soon as possible.

5.2.1 Adding the DLL's to the Project

Locate the UNO_FAST OSCILLOSCOPE_PROJECT_CD installed on your PC.
Browse to the Projects_ActiveHost folder (choose either the 32 bit or 64 bit version,
depending on whether your OS is 32 or 64 bit). Open the Bin folder, copy the following

files:

e ActiveHostXX.dll

e ftd2xxXX.dll
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and paste them in the EPT_Fast Oscilloscope\EPT _Fast Oscilloscope\bin\x64\Release
folder of your EPT_Fast Oscilloscope project.

< Visual Studio 2010 » Projects » EPT Analog_Monitor » EPT Analog Monitor & bin » x54 » Release

| organize~  lopenwith. Emel  Bum  Newfolder #- 0 @

EPT_Analog_Monitor

*  Documents library
EPT_Analog_Menitar

Armange by:  Folder ¥
Release

Name . Date modified Type Size

Release %] ActiveHost5d.dll S5/A4/2013%:51PM  Application extens... 35K
64 [ EPT_Analog_ Menitor.exe 5/26/2013%:10 PM  Application 28Kl
Release @] EPT_Analog_Moniter.pdb 5/26/2013810PM  Program Debug D... 54K

obj 57 EPT_Analog_Menitor.vshost.exe 6/1/2013818PM  Application 12K
Properties ] EPT_Analog Monitor.vshost.exemanifest  8/31/2008 12:40 AM  MANIFEST File 1Kl
EPT Transfer Test %] ftd2io64.dll 1/18/20133:54 PM  Application extens... 252K
EPT_Transfer_Test

~ 4

4 2 items selected State: B Shared Size: 286 KB Shared with: Homegroup
-5 Date modified: 1/18/2013 3:54 PM - 5/4... Date createc: 5/26/2013 4:58 PM

At this point, the environment has produced an executable file and is ready for testing.
Next, we will connect everything together and see it collect data and display it.

6 Connecting the Project Together

Now we will connect the Arduino, EPT 570-AP-U2, and the PC to make an Fast
Oscilloscope. First, connect a USB cable from a USB port on the PC to the Arduino.

Next, let’s connect the Six SVDC Power Supplies to the analog inputs of the Arduino.
We will do the by using the following parts:
6 Pin 2.54 mm Male Header
10 Pin 2.54 mm Male Header
Six 5VDC Power Supplies
Five Black Banana Lead jumpers to connect the Power Supplies together
One Black Banana Clip Lead to connect the Power Supplies to the Arduino

e Six Red Banana Clip Leads to connect the Power Supplies to the Arduino
Connect the 10 Pin 2.54 mm Male Header into the J12 connector of the EPT-570-AP
board. Next, connect the 6 Pin 2.54 mm Male Header into the J9 connector of the EPT-
570-AP board. Connect the black banana jumpers between the grounds of all the
supplies. Connect the black banana clip lead to one of the power supply grounds and
Pin 7 of J12. Connect one red banana clip lead to each of the power supply positive
outputs and connect to one of the pins on the J9 connector.
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Next, open the Arduino IDE and select File->Open and select your sketch created
earlier, Arduino_Fast Oscilloscope_Code_U2.ino.
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Lookin: ) Ardums_Mvakog_Mortor_Cade_U2 - 0@
D Mame & Date modified Type
~r [ Ardunc_Ansiog Moniter Code U2ino 4/28/201311:17 PM__ BNO File
Recent Places
Desktop
>
Libraries
!_*
Computer

- s _—
N(%ﬂ ‘ i ’
Fle name: Ardure_jnsiog Menter_Code U2 ko - Open
Fles of type A Fles () - Concel 0|
|

Select the file and click Open. The sketch will now populate the Arduino IDE window.
Compile and Download the sketch into the Arduino microcontroller using the Upload
button.
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@) Arduino_Analog_Monitor Code U2 | Arduine 1.0.1 (== %]

File Edit Sketch Tools Help

Arduino_Analog_Monitor_Code_ L2 §
/* -

Copyright Earth Pecople Technology Inc. 2013

Analog Monitor (]
Platform: EPT-570-AF-T2
E

int AdcWalue;
int Upperi&dc¥alue;

void setup()

{
DDED = E11111111; //%et Port D as outputs
PORTD &= B11111111: //Turn on Fort D pins

DDFE = BOOLL1111l; //%et Port B as oubputs
PORTE &= BOOOOOOOO; //Tuarn on Port B pins

Arduino U

The Arduino IDE will compile the project, then transmit the machine level code into the
ATMega328 SRAM to start the program.

The CPLD should already be programmed with its Fast Oscilloscope.
Open the EPT Fast Oscilloscope on the PC by browsing to the Fast Oscilloscope folder.
Locate the executable in the \bin\x64\Release folder.

o o=l |
. % Visual Studio 2010 » Projects » EPT_Analog_Monitor » EPT_Analog_Monitor » bin » x64 » Release v | %3 [l Search Release pel
Organize v Open E-mail Burn New folder =~ 0 @
1 EPT_Analog_Monitt H
AL R Documents library ; ok (pries
| EPT_Analog_Monitor Release Amangelby gRokier
| bin .
. Debug g Neme Date modified Type Size
! Release ()] ActiveHostb4.dll 5/4/2013 2:51 PM Application extens... 35K
| 64 “E] EPT_Analog_Monitor.exe 5/26/2013 910 PM Application 28 KE
| Release &) EPT_Analog_Monitor.pdb 5/26/2013910PM  Program Debug D... 54 K
| obj [ EPT_Analog_Monitor.vshost.exe 6/10/2013 212 PM  Application 12K
| Properties |%| EPT_Analog_Monitor.vshost.exemanifest  8/31/2009 12:40 AM  MANIFEST File 1Kl
J EPT_Transfer_Test %) ftd2xedd.dil 1/18/2013 3:54 PM Application extens... 252K
. EPT _Transfer_Test
- | m ] 3
‘]l EPT_Analog_Monitor.exe State: 3 Shared Size: 28.0 KB Shared with: Homegroup
. Application Date modified: 5/26/2013 9:10 PM Date created: 5/23/201312:11 AM

Initiate the application by double clicking the application icon in the \Release folder of
the project. The application will open and automatically load the Active Host dll. The
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application will locate the EPT 570-AP-U2 device. Next, the combo box at the top will
be populated with the name of the device.

Analog Monitor —= —
I n -Starl -Stop
EPT USB <-> Serial&JTAG Cable B
Monitor 1 Monitor 2 Monitor 3
Monitor 4 Monitor 5 Monitor 6 ‘
[ ok | [ GCose | set[ Scale Factors |
|

Select the EPT 570-AP device and click the Open button. If the Active Host application
connects to the device, a label will indicate “Device Connected’b’.

mlog VVMonitor 3

Monitor 1

Monitor 4

EPT USB <-> Serial&JTAG Cable B v

Close Device Connected

Monitor 2

Monitor 5

Monitor 3

Monitor 6

Lok ]

[ Close ] Set [ Scale Factors ]

6.1 Testing the Project
For this video, we connect our UnoProLogic to a laboratory Function Generator to
provide an analog signal to capture with the Fast Arduino Oscilloscope. We use a +5
Volt DC supply to provide a trigger threshold level.

Starting the Oscilloscope is just a click on the application file in the Project CD folder.
Then select the EPT device in the drop down box. Click on the Open button. Click on
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the Start button. Then select the On/Off button and the scope is displaying the analog
signal.

Here the Function Generator is providing a sweep of sine waves from 10 Hz to 250 Hz.
Set the Function Generator to produce a 1KHz Sine wave with 4.5 Volt amplitude. For
the trigger voltage level input, we use a lab supply. Set this supply up to 3 Volt DC.
This will give us a dc threshold which the analog signal must cross in order for the
scope to display the waveform.

6.1.1 Oscilloscope Description

The EPT Fast Arduino Oscilloscope has the same functions as a full featured scope.
These features include:
. Trigger Settings —Rising, Falling, and Toggle

. Horizontal Time base selection

. Vertical Scaling

. Voltage Amplitude scaling (Grab the slider and you can scale the voltage up or
down)

. Time scaling (The slider lets you zoom into the signal to see details)

Most of these features are implemented with sliders. The sliders make it easy to select
from multiple values. Once the value is selected by the slider, an underlying event in the
C# code, causes the UnoProLogic to transmit a command and the value to the
Aruino/Girino code.

The Fast Arduino Scope does have its limitations. It is most notably limited by the
ATMega 328 microcontroller. The chip uses an ADC which we select the 8 bit mode to
increase the throughput speed.

In the block diagram of the internal ADC circuit of the 328 microcontroller, we can see
the circuit functionality. The Source 1 input is from our analog signal to be displayed.
The signal is selected by a multiplexor and is directly applied to the Conversion Logic.
This logic is directly controlled by the ADC clock. Changing this clock value changes
the amount of time between conversions. And it ultimately controls how fast a signal
can be applied at the analog input.

The ADC has eight selectable clock inputs to drive the conversion of analog to digital.
The Horizontal Slider controls which of the prescaler values is selected. These values
determine what the ADC clock frequency is. These frequencies are:
e 125KHz
250 KHz
500 KHz
1,000 KHz
2,000 KHz
4,000 KHz
8,000 KHz
16,000 KHz

Page

86



= EARTIHPEOPRPLE

TECHNOLOGY
Fast Arduino Oscilloscope Project User Manual

The ADC is not designed to handle frequencies above 1MHz and this can be seen in the
graph of the Effective Number of Bits.

You can see from the graph that the resolution deteriorates to less than 8 bits at
frequencies above 1MHz. So, we will keep the ADC input frequency to 1MHz or less.

6.1.2 Oscilloscope Functions

As you can see on the screen, the EPT Fast Arduino Oscilloscope has 9 divisions in the
horizontal direction and 9 divisions in the vertical. Grab the Horizontal Time Base
Slider and pull it to the right to decrease the time per division. This allows us to scale
into the wavelength of the signal by changing the ADC clock. This reduces the time
between conversions and lets us see faster signals at the analog input.

There are 450 samples that are displayed in the window. This results in 50 samples per
division. Divide the selected ADC clock frequency by one and multiply by 13 clocks
per conversion. Then multiply by 50 samples per division to arrive at the time per
division.

If we choose 1MHz for the ADC Clock, and perform the same calculation, we arrive at
650 microseconds per division. This can adequately examine a 3KHz analog signal at
the input.

Examining the Scope performance, | can move the position of the waveform in the
window using the X position slider.

Use the Voltage Scale slider to give a boost to small voltage signals so that we can see
them better.

Use the Vertical Position Slider to reposition the waveform for better viewing.

There are other user controls to select the VVoltage Reference: AREF, AVCC, or Internal
reference voltage.

So, lets dial up the frequency and you can see the window display the resulting
waveform. | will slide the Horizontal Time Base over by one to scale into the signal.
the Time Scale slider and scale into the wave form to get more details on the signal.
This is just a scaling of the samples that are transmitted to the PC. It just adds a delay
time between each sample.

6.1.3 Oscilloscope Performance

Now | will dial the Function Generator up to a 3 KHz, sine wave. The Horizontal Time
base slider has selected 650 microseconds per division. Here we can see about five
complete periods of the wave. Grab the time scale slider and we can zoom into the 3
KHz wave. Next, | will set the Function Generator up for a sweep. This will slowly
increase the frequency from 100 Hz to 3 KHz. You can see that changing the signal
from the Function Generator immediately shows up on the EPT Fast Oscilloscope, this
shows the high performance of the Oscilloscope.

Next, | will decrease the time scale so that we can see more cycles of the 3KHz wave.
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Now I will set the Function Generator up to produce a pulse which repeats every
second. The pulse duration is 10 milliseconds.

Next, I will change the pulse duration to 20 milliseconds.

Then, 25 milliseconds. This is just showing the performance of the scope and how fast
is follows the change in input.

Next, I will change the Function Generator output to random noise.

So, you can see that the EPT Fast Arduino Oscilloscope has high performance. Next,
lets look at the equipment that is need for this project.
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