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The DSO 100M is an Open Source Digital Storage Oscilloscope Development System
created by Earth People Technology. It consists of a board, FPGA design source files
and a C# project with all source code needed to build a complete DSO. The board is a
four channel oscilloscope that accepts analog signals +/- 40Volts up to 5SMHz. Each
channel has its own low pass filter, amplification and sampling.

The C# project is used to build the UnoProLyzer application and runs on a Windows
10/8/7 PC. It displays each analog signal data from the DSO 100M in a window with
color coded signals. This application includes a trigger mechanism, zoom in/out, scroll,
amplitude measurement, vertical and timebase selection.

Circuit designs, software and documentation are copyright © 2019, Earth People
Technology, Inc

Microsoft and Windows are both registered trademarks of Microsoft Corporation.
Altera is a trademark of the Altera Corporation. All other trademarks referenced herein
are the property of their respective owners and no trademark rights to the same are
claimed.

http://www.earthpeopletechnology.com
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1 Introduction and General Description

The Earth People Technology DSO 100M development system hardware consists of a
High Speed USB to parallel (8 bit) bus chip, FPGA, analog signal conditioning and
Analog to Digital Converters. The USB interface provides both Configuration of the
FPGA and a High Speed transfer path. The Verilog firmware includes the Active
Transfer Library which is used in the FPGA to provide functions for control and data
transfer to/from the PC. The UnoProLyzer software consists of the Active Host SDK for
the PC. This SDK provides virtual “pipes” over the USB to provide address selectable
paths to send/receive data from the FPGA.
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JThese virtual pipes are called “EndTerms”. There are three types of EndTerms.  Formatted: Font: (Default) Times New Roman

e Trigger EndTerm

e Transfer EndTerm (Single Byte)

e Block EndTerm (256 Byte Block)
The EndTerms are designed for ease of use and are commensurate between the C# SDK
and the Verilog Transfer Library. For example, send a byte from the C# project to the
FPGA using the Transfer EndTerm function. The byte be available in the FPGA via the
USB to Serial chip within 1 millisecond. The same goes for sending data from FPGA to
the PC.

All of the drivers, libraries, and project source code are available at
www.earthpeopletechnology.com .

2 DSO 100M Getting Started

. ()f)()()ﬂ)o Q t)' Q 1 C)C)O 000000 B IN |

o B 3 mmmm =

EARTHPEOPLE *
TEOHNOLOGY
DIGITAL STORAGE OSCILLOSCOPE
= FOUR CHAMNEL 1 WNZ BW
EPT-4CES-DO-U2
x
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The DSO 100M board comes pre-loaded with the DSO_100M HDL project in the
FPGA. This project allows the user to test out the functions of the Active Host APl and
the board hardware.

To test drive the application, connect the DSO 100M to the Windows PC using a Micro
B USB cable. Load the driver for the board. See the section “EPT Drivers” for
instructions on loading the DPL driver. If the USB driver fails to load, the Windows OS
will indicate that no driver was loaded for the device. In the case of the failed USB
driver, try rebooting the PC and following the steps in the EPT Drivers section of this
User Manual.

=

Frrrwo

Below is a list of the steps to take to get started using the UnoProLyzer.
1. Install the DSO 100M Driver

2. Install the UnoProLyzer Application
3. Connect the DSO 100M board to the USB Port on the PC
4. Click on the UnoProLyzer Icon under “All Programs”

5. When the application opens up, click on the drop down box in the upper right
corner.

6. Select the “EPT USB<->Serial &JTAG Cable B”.
7. Click on the “Open” button

8. Click on one of the “Select Channels” buttons.

9. Then click on the “Start” button.

10. All selected analog channels should appear on the display.
Page
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3 DSO 100M Driver

Connect the DSO 100M board to a USB port on the PC. Load the driver located on the
UNOPROLYZER_OSCILLOSCOPE_ 1.1 DVD at/DSO_100M/Drivers/EPT_2.08.24

Home Share View
@ Bumto disc | o, Homegroup iew) & =
= Print ‘@ Homegroup [view and edit)
Email Zip - _  Stop Advanced
= Fax |33 Spedfic people.. T sharing  security
send Share with
@ ~ T . <« Jolly » Products » Earth People Technology » UNOPROLYZER_OSCILLOSCOPE_1.1_DVD » UnoPrologic2 » Drivers »
> |, EPT USB-CPLD Development System DVD ~ Mame -
. POWERG_DUAL_POWER_SUPPLY_1.1_DVD -
am
. UNOPROLOGIC2_USB_CPLD_PROJECT_2.2_DVD 95
I
4 | UMOPROLYZER_OSCILLOSCOPE_1.1_DVD Shati
| Static
4 UncPrologic2 :
. Temp
. Documentation
. ® CDM v2.08.30 Setup.exe
4 | Drivers ftd2och
| v ). EPT 2.08.24 | =
= ftdibus.cat
[+ | EPT_Blaster .
K K X i | ftdibus.inf
10 Projects_ActiveHost_64Bit
X = frdiport.cat
10 Projects_Arduino =
4 | ftdiport.inf
[ 1 Projects_HDL
L Ouartus 15.0 he
10 items State: 3 Shared

o m — o s

ra

Double click on the CDM v2.08.30 Setup.exe to install the USB drivers. The DSO
100M uses the ftdibus.sys driver. This driver is loaded upon connection of the USB to
Serial Cable to the PC by the ftdibus.inf file. To install these two files onto your PC,
follow the instructions from the “Update Driver Software” utility. This utility will
automatically load when the board is connected to the PC.

4 UnoProLyzer Application

When the application loads, click on the drop down box at the upper right of the
window. Select the EPT USB<->Serial &JTAG Cable B in the list. Next, Click “Open”,
select number of channels and click “Start”. The analog data will display on the graph.

Page
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EPT UnoProLyzer =@l X
2V -
TimeBase
35ms  per Division
1.5V -
* | Open Close |
Scan Control
v ‘ Start | ‘ Stop |
Horizontal (Scale)
W05V ] Single
-ﬂ-- o |
ov ~ Horizontal Postion Scan
¥ —Ch 1 Channel
Select
e < > 10nly |
oy Vertical Postion  Voltage Scale Tto2 |
-1V
103 |
1.5V Il 1 1to 4 ‘
- -. 72-‘4‘.
Channel
-14ms -105ms  -7ms 3.5ms 0 +3.5ms +7ms +10.5ms +14ms Select
Cursors
Cursor 1 Cursor 2 Trigger Menu -
| Off | Off Detta — Trigger Channel
a B LR Trigger Voltage -
‘ J | Toggle Falling Rising zsv

Go to the upper right of the window and click on the drop down box.
===ty A ]

+25V |_]
+2V

| Open | | Close |
+1.5V

Scan Control
| Start | | Stop |
+1V Haorizontal (Scale) - -
Single

Select the “EPT USB<-> Serial&JTAG Cable B. Then click on the Open button
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FT USB <> Serial& TAG Cable Bl

IOpen I | Close |

Scan Contral
Stat | [ Stop |

Single
Next, select the number of channels to display. The channels have to be selected in
sequential order, you cannot pick out single channel (except for channel 1). So for two
channels, click on the “1 to 2” button. This will display the data from both channel 1

and 2.

Horizontal (Scale)
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EPT USB < Senal&JTAG Cable

Horizontal (Scale)

U

Horizontal Position Scan

{J Select

Vertical Posttion ~ Voltage Scale Tto

Ch 1

Channel Registers
Select

Next, click on the Start button.
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Ll | =3

i

EPT USB <-= Serial&TAG Cable -

S
[ooi] (sex)
Horizontal (Scale)
Single

U

Horizontal Position Scan
Channel
J Select

—Ch 1
Vertical Position  Voltage Scale
- |

1to 3
Tto 4
L >
Channel Reaisters
Select
Conversion

[7¢]

@

I
=]

Average

a3
H

The data from the two channels will appear at the same latitude on the graph.
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EPT_UnoProlyzer == &_J
2V | -
TimeBase
3.5ms  per Division
+1.5V -
| Open Close ‘
Scan Control
+1v | stat | | Stop |
Horizontal (Scale
W5V J Single
CONVST |
ov ~ Horizontal Posttion Scan
-Ch 1 Channel
Select
25V < = ony
Y Vertical Posttion ~ Voltage Scale 102 |
1t03 |
15V | 1tod |
2V
Channel
Select
Cursors
Cursor 1 Cursor 2 Trigger Menu -
| Off | Off Detta = ) Trigger Channel
B B B Trigger Voltage -
‘ / J | Toggle Falling Rising 25V

Next, locate the Channel Select drop down box and click on channel 1.
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EPT_Data_Acquistion

[E=nrEf x|

......... -
....... .

2V
-bms  -3ms -Zms -1ms ] +1ms +2ms +3ms +Amg +hms
Cursors
Cursor 1 Cursor 2
L of | (o |
U U

Vertical Postion

EPT USE < Seral&JTAG Cable =

Device Connected
‘ Close |

Scan Control
| Stop |

Horizontal (Scale)
Single

9,

| convsT |

Scan
_ Channel
| J Select

Honizortal Posttion

[ 100y |
Voltage Scale |£|
[ 1103 |

[ 1te4 |

Registers

(Comvamon.]
e
(vermae )

| Reset |

Locate the Vertical Position slider and pull it down. The channel 1 data will change
position in the graph depending on where you move the slider. The voltage magnitude
data also adjusts to indicate the magnitude of the data relative to the position of channel

1 data.
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-
EPT_Data_Acquistion

e

EPT USE «<-> Serial&JTAG Cable +

Device Connected

Horizontal {Scale)

0

Horizontal Position

Vertical Postion ~ Voltage Scale

Channel
Select

| Close |

Scan Cortrol
| Stop |

Single
| convsT |

Scan
Channel
Select

Registers

(Comeson]
Caw ]
[ Aveme |

| Reset |

The selected channel will show up as a large icon. Its position indicates the zero
position of the data. The magnitude information along the y-axis is only for the selected

channel.
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Then connect a signal to the channel 1 input on the UnoProLogic2.

EARTHPEOPLE *
X TEOHNOQLOAGY
DIGITAL STORAGE 0SCILLOSCOPE
S FOUR CHAMNEL 1 NI BN
EPT-4CEE-DO-U2

npetrit

T i 8
- e - 1 (3
o DO 000000800000 |

If you don’t have a 0-5 Volt signal to connect to the UnoProLogic2, you can use your
finger and touch it to the bottom of the Analog Input Connector. The ambient electricity
from your body has just enough current to give the Analog inputs a deflection from

Z€ero.

Page
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UnoProlyzer ‘ o0 e S
462V EPT USB <-> SerialJTAG Cable v
TimeBase
Device Connected
S5us  per Division
1.62v - —
U | Close ‘ I
—Ch3
Scan Control
1380 (St
Horizontal (Scale) ) i
! 438V 0 0 Shde
' " = | convsT |
738V -, Horizontal Postion Scan
FEIS - — Channel
l J L\ Select
A~ (o)
I P o | [:206 ]
13238V Vertical Postion ~ Voltage Scale .
aeavhz 2 (40 ]
(Ton ]
-19.38V
Channel ‘4‘
00ims 000ms 0.00ms 0.00ms Oms 0.00ms 0.00ms O000ms 0.01ms Select 3 Vot per Dil_ Reset |
4 v
Cursors
Cursor 1 Cursor 2 Trigger Menu
‘ Off ‘ Off ‘ Delta ‘7': = ‘ ‘,’ Trigger Channel
- Tee-hun
. Suz] G2 = = Trigger Voltage >
U U | Toggle | | [ Faling | [ Rusng ov

Now the UnoProLogic2 and UnoProLyzer are ready to measure an 0-5VDC signals.
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EPT_UnoProlyzer == &_J
2V | -
TimeBase
3.5ms  per Division
+1.5V -
| Open Close ‘
Scan Control
+1v | stat | | Stop |
Horizontal (Scale
W5V J Single
CONVST |
ov ~ Horizontal Posttion Scan
—Ch1 Channel
Select
25V < = 100y |
Y Vertical Posttion ~ Voltage Scale 102 |
1t03 |
15V 1tod |

Channel
-14ms -10.5ms  -7ms -3.5ms 0 +35ms +7ms +105ms +14ms Select
Cursors
Cursor 1 Cursor 2 Tokagor Mores 7
| x | o vy Free-Run )
m M custn Trigger Voltage
| l | Toggle Falling Rising 25V

Trigger Channel

To set up triggering, locate the “Trigger Menu”. In this menu, locate the “Trigger
Channel” drop down box.
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TRTTYPRY PRVPTTTITY PRTITTORI PP

W
|

A

Pt

A

400ms -3.00ms -200ms -1.00ms Oms 1.00ms 200ms 3.00ms 4.00ms
Cursors
Cursor 1 Cursor 2 Trigger Menu
Off Off Deita =
Curs1-Curs2 B RN
Toggle

==
_— —
0.83v v
TimeBase
35ms per Division
0.70V
o Open Close
Scan Control
0.58V
Start Stop
Horizontal (Scale)
Single
045V —
CONVST
0.33V Horizontal Position Scan
Channel
Select
0.20v < > 1 Only
0.08V Vertical Postion ~ Voktage Scale Tto2
1t0 3
,Qc5v“cn 1 1to 4
0.18V
Channel
Select 1/2 Vok per Division
1 «
Trigger Channel
Trigger Voltage T s
Faling Rising 396V

Click on the drop down box and select the channel in which to scan for the trigger

value.
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TRTTYPRY PRVPTTTITY PRTITTORI PP

W
|

A

Pt

A

400ms -3.00ms -200ms -1.00ms Oms 1.00ms 200ms 3.00ms 4.00ms
Cursors
Cursor 1 Cursor 2 Trigger Menu
Off Off Deita =
Curs1-Curs2 B RN
Toggle

==
_— —
0.83v
TimeBase
35ms per Division
0.70V
o Open Close
Scan Control
0.58V
Start Stop
Horizontal (Scale)
Single
0.45v -
CONVST
0.33V Horizontal Position Scan
Channel
Select
0.20v < > 1 Only
0.08V Vertical Postion ~ Voktage Scale Tto2
1t0 3
,Qc5v“cn 1 1to 4
0.18V
Channel
Select 1/2 Vok per Division
1 «
Trigger Channel
Trigger Voltage T s
Faling Rising 3.96V

Next, adjust the “Trigger Voltage” level to the appropriate trigger threshold point.
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EPT_UnoProlyzer
-
|m.q.n.qm.p.um..q.mg.m{.um. bbb e L

t t t t 0.08v

045V

0.33v

0.20v

0.05v

0.18v

1.00ms 200ms 3.00ms 4.00ms
Cursors
Cursor 1

Off

Trigger Menu
Deita
Curs1Curs2

Toggle

--Ch 1

Falling

=)
— e
-
TimeBase
35ms per Division
Open Close
Scan Control
Start Stop
Horizontal (Scale)
Single
CONVST
Horizontal Position Scan
Channel
Select
< > 1 Only
Vertical Postion ~ Voktage Scale Tto2
1t0 3
1to 4
Channel
Select 1/2 Vok per Division
1 «
/ Trigger Channel
Trigger Voltage 1 -
Rising | 3.96V

Click on the “Trigg On” button to turn on triggering.
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EPT UnaProlyzer

e | )

FENENEY
I
VAR RN
BVAERWENL

BENEE
HEEENEEE

400ms -300ms -200ms -1.00ms Oms 100ms 200ms 3.00ms 4.00ms

Cursors
Cursor 1 Cursar 2 Trigger Menu

| Off ‘ Off Delta
Curs1-Curs2 Free-Fun

0.09v
| e

Close
Scan Control
Stop
Horizontal (Scale)
Single
CONVST
Horizontal Position Scan
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Trigger Voltage 1 »
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EPT USE =-> Seral&éBus Cable E w

TimeBase
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When the UnoProLyzer connects with the EPT-5M57-AP-U2 and all four channels are
setup and start button has been pressed, the display will show all four analog inputs on

the screen.
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EPT_UnoProlyzer = (S |l

2V | v
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W5V J Single
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—Ch1 Channel
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HEEEEE. - o
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Channel
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Cursors
Cursor 1 Cursor 2 Trigger Menu -
| Off | Off Detta ) Trigger Channel
Curs1Curs2 froefun
Trigger Voltage -

| ’ l | Toggle Falling Rising 25V

All of the channels will be grouped at the same spot on the graph by default. To
separate these channels, click on the drop down box underneath the “Channel Select”
lable.
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ESREl X ]
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Scan Control
| stat | | Stop |
Horizontal (Scale T _
Single
}
CONVST |
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Channel
Select
" > 10nly |
Vertical Position  Voltage Scale Tto2 ‘
1t03 |
1t04 |

Channel
Select

Trigger Voltage -

Rising

) Trigger Channel

2.5V

Select a channel and us the “Vertical Position” slider to adjust the position of the
channel graph in the display. Notice that the channel indicator highlights in bold when

the channel is selected.
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Chaninel
Select 0.5 Volt per Division
1 -
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Grab the “Vertical Scale” slider and push up on it until the scale is 1/3. This divides
each data element in channel 1 by 1/3.
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EPT_UnoProLyzer =[] )
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TimeBase
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_‘ Open Close ‘
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Repeat this process for all six signals. Leaving one division between each channel.
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EPT UnoProlyzer (==X
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| Off ‘ Off Delta .| Trigger Channel
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U ) | Toggle | | Faling

Trigger Voltage -

Rising 25

Each channel can also be scaled in the Horizontal Scale. Provide Channel 1 with a
signal. A simple way to do this is to touch your finger to the analog input. Then click
the “Stop” button. The “Stop” button will cause the ProLyzer to stop filling the circular
buffers with new data. All of the previously stored data is preserved in the circular
buffers. This allows to you to scroll through the data to view events that occurred in the

past.
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EPT UnoProlyzer (==X
-

TimeBase
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Cursor 1 Cursor 2 Trigger Menu —
Delta .| Trigger Channel
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Trigger Voltage -
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Turn off each channel (except for Channel 1) by first selecting the channel, then
clicking on the “On/Off” button directly below the “Channel Select” drop down box.
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EPT UnoProlyzer (==X
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Select Channel 1 and grab the “Time (Scale) “ slider and slide it to the left. Notice the
signal is zooming out.

5 DSO 100M Description

The DSO 100M board is equipped with an Altera EPACE6E22C8 FPGA; which
is programmed using the Altera Quartus Prime software. The FPGA has 6672 Logic
Elements and 276480 Total RAM Bits. An on board 66 MHz oscillator is used by the
EPT Active Transfer Library to provide data transfer rates of up to 8 Mega Bytes per
second. The board contains four separate analog signal paths. Each analog channel has a
dedicated 100MHz ADC. Each channel has a high accuracy bias and signal amplifiers
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capable of providing a 10MHz analog signal for conversion at each ADC. The hardware
features are as follows.

Altera EPACE6 FPGA with 6272 Logic Cells

Dual Channel High Speed USB FT2232H

66 MHz oscillator for driving USB data transfers and users code
100MHz oscillator for scaling up/down for users needs

Four 100MSPS ADCs

High accuracy Op-Amps capable of providing 10MHz analog signals at the
ADCs

DSO 100M BLOCK DIAGRAM
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DSO 100M COMPONENT LOCATIONS

CHANNEL 1 100MSPS ADC

+/-5VDC
POWER  CHANNEL 2 100MSPS ADC BIAS DIGI-
SUPPLY

BNC
CONNECTORS

66MHZ CYCLONE IV
OSCILLATOR FPGA

USB MICRO-B
CONNECTOR

EARTHPEORPLE
TEoWNOLOGY
DIGITAL STORAGE OSCILLOSCOPE
TOUR CHANNCL 1 MaI bW . USER/RESET
EPY-4CEE-DO-U2 <0 i PUSH

BUTTON

USB TO
SERIAL CHIP

4Mb CONFIG
FLASH 100MHZ
OSCILLATOR

CONNECTORS

CHANNEL 3 100MSPS ADC
CHANNEL 4 100MSPS ADC GAIN DIGI-POTS

5.1.1 Power

The DSO 100M runs from USB power only. The USB port provides +5VVDC. This
power is split into three power rails; +3.3V, +2.5V, +1.2V and #5V. The DSO 100M
consumes approximately 300mA from the USB port. This is a total 1.5W from the
+5VDC of the USB port. The standard USB port can safely supply a maximum of
500mA from each port. So, the DSO 100M consumes a safe margin with respect to the
maximum.

Page
31




UsB
CONN

USB DP.

USB DM
VBUS

 EARTIHPEOPLE

TECHNOLOGY

DSO Development System User Manual

FT2232H
USB INTERFACE

3.3v 12v
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POWER POWER
SUPPLY SUPPLY

5VTO 2.5V
POWER
SUPPLY

————p TOUSER

POWER

TO FPGA
POWER

The +3.3V, +2.5V and +1.2V supplies the power for FPGA. The +3.3V is used to

power the FT2232H chip, Configuration Flash, Oscillators, ADC’s, Digital

Potentiometers, EEPROM, and bus Transceivers. The 5V supply is used by the analog

Op-Amps.

5.1.2 Analog Inputs
There are four analog inputs and each input uses a BNC connector on the PCB. Each

analog input path has been tuned to 50 Ohm impedance on the top layer of the PCB.

This matches the impedance of the BNC connector and minimizes reflections and noise.

The analog input circuit’s responsibility is to protect the input amplifiers and divide the

input analog signal for compatibility with the ADC. The input protection is provided by

a diode clamp to the +5VDC power supply and a diode clamp to the -5V DC power

supply.

DSO_AINX

CH

5.1.3 Bias Amplifiers

Each analog channel after the conditioning is applied to a bias amplifier. The bias

amplifier is used to bias the input analog signal at zero voltage. The conditioned analog

signal is allowed to fluctuate between +5VDC. The DSO 100M provides an adjustable

gain on the bias amp. This gain is used to provide an offset to correct for any distortion

to the signal because of the signal conditioning. This gain is adjusted using a digital

potentiometer (Analog Devices AD5263). This Digi-pot is controlled via the FPGA.
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i S ( Formatted: Centered
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BIAS AMPUFIER

The Digi-Pot is a 256 position 50K Ohm selectable resistance. The Digi-Pot is
controlled via 12C from the FPGA. The Host PC selects and initiates the 12C bus to
command the Digi-Pot to a selected position, and thusly a resistance. Each position is a
195 Ohm step (50,000 Ohm/256 Steps) from 0 Ohm to 50,000 Ohm. The Digi-Pot uses
a £5VDC to allow the resistance to select the bias from the full analog input voltage

swing.
Digi-pots and the Op-Amps allow an undistorted analog signal to be applied to the [Formatted: Font: (Default) Times New Roman, Font color:
ADC’s. The gain amplifier can add a gain of up to 50 with no offset. Below is a video Auto

showing a 2MHz signal on channel 1. It is perfectly centered around the zero point. The
function generator output is set to +/- 600mV. The video starts at 2MHz and then the
function generator is dialed down to 1MHz and finally 100KHz. The reason for the
incorrect calibration on the software display, is the gain and bias tables need to be
completed to scale the input value to the full range of the ADC.
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5.1.3-Programmable Gain Amplifiers

5.1.4 Programmable Gain Amplifiers

After the analog input signal is applied to the bias amplifier, it passes through a gain

amplifier. This gain amplifier is used to amplify the analog input signal to match the

signal dynamic range of the ADC input. This amplifier circuit uses a Digi-Pot (Analog

Devices AD5263) with 50K Ohm of total resistance. So, the amplifier can provide a

gain of up to 50. This gain is used to boost the incoming conditioned analog signal to

meet the £1V input of the ADC. This gain is used in conjunction with the Vertical

setting from the UnoProLyzer software.
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The Vertical selection has discrete positions such as -20V, -10V, -5V, -1V, 0V etc...

[Formatted: Centered

that correspond to specific gain selections of the gain amplifier. The gain is selected by | Formatted: Font: Bold
selecting resistance values from the Digi-Pot. The Digi-Pot is a 256 position 50K Ohm ( Formatted: Font: 8 pt
selectable resistance. The Digi-Pot is controlled via 12C from the FPGA. The Host PC ( Formatted: Font: 8 pt, Subscript
selects and initiates the 12C bus to command the Digi-Pot to a selected position, and [Formatted: Font: 8 pt
thusly a resistance. Each position is a 195 Ohm step (50,000 Ohm/256 Steps) from 0 [ Formatted: Font: 8 pt
Ohm to 50,000 Ohm. [Formatted: Font: 8 pt, Subscript
[Formatted: Font: 8 pt
OPA2209 Selected P_arameters _ ( Formatted: Font: 8 pt
Parameter Min Typ Max Unit ( Formatted: Centered
Vos Input offset +35 +150 uv
voltage [Formatted: Font: 8 pt
AVpg/dT Ir_u)ut offset 1 3 UVFC [Formatted: Font: 8 pt, Subscript
voltage drift
PSRR vs power supply 0.05 0.5 JOV/AY [ Formatted: Font: 8 pt
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514 The Gain and Bias Amplifiers are powered from a +/- 5V supply fed from a DC-+

DC brick to voltage errors to a minimum.
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5.1.5 Analog To Digital Converters

The DSO 100M contains four Analog Devices AD9283BRSZ-80 chips. The AD9283 is
an 8-bit monolithic sampling analog-to-digital converter with an on-chip track-and-hold
circuit. The chip operates at a 100 MSPS conversion rate, with outstanding dynamic
performance over its full operating range.

_ I W <E>
s I \ Y
3 o L@
[ﬂ 3 m—[ﬂ
+*

The analog signal is applied differentially to the inputs of the AD9283. The signal is
buffered and fed forward to an on-chip sample-and-hold circuit. The ADC core
architecture is a bit-per-stage pipeline type converter utilizing switch capacitor
techniques. The bit-per-stage blocks determine the 5 MSBs and drive a FLASH
converter to encode the 3 LSBs. Each of the 5 MSB stages provides sufficient overlap
and error correction to allow optimization of performance with respect to comparator
accuracy. The output staging block aligns the data, carries out the error correction and
feeds the data to the eight output buffers. The AD9283 includes an on-chip reference
(nominally 1.25 V) and generates all clocking signals from one externally applied
encode command. This makes the ADC easy to interface with and requires very few
external components for operation.

AD9283 Selected Parameters

,[Formatted: Font: Bold

7z, { Formatted Table
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Formatted: Font: 8 pt
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circuit which is essentially a mixer. Any timing jitter on the ENCODE will be combined
with the desired signal and degrade the high frequency performance of the ADC. The
user is advised to give commensurate thought to the clock source.

AD9283 Analog Input  Formatted: Font: Bold

The analog input to the ADC is fully differential and both inputs are internally biased.
This allows the most flexible use of ac or dc and differential or single-ended input
modes. For peak performance the inputs are biased at 0.3 x VD. See the specification
table for allowable common-mode range when dc coupling the input. The inputs are
also buffered to reduce the load the user needs to drive. For best dynamic performance,
the impedances at AIN and AIN should be matched. The importance of this increases
with sampling rate and analog input frequency. The nominal input range is 1.024 V p-p.

AD9283 Voltage Reference  Formatted: Font: Bold

A stable and accurate 1.25 V voltage reference is built into the AD9283 (VREF OUT).
In normal operation, the internal reference is used by strapping Pins 2 and 3 of the
AD9283 together. The input range can be adjusted by varying the reference voltage
applied to the AD9283. No degradation in performance occurs when the reference is
adjusted +5%. The full-scale range of the ADC tracks reference voltage changes
linearly. Whether used or not, the internal reference (Pin 2) should be bypassed with a
0.1 uF capacitor to ground.

5.1.6 FPGA Configuration

The EP4CEG6 FPGA is configured for operation when the power is applied to the board.
A dedicated Configuration Flash chip is included on the DSO 100M for the purpose of
configuring the FPGA as power up. The DSO uses the second channel of the

FT2232H chip as a dedicated Flash programming port. The Configuration Flash can be
programmed directly from Quartus Prime by using the EPT-Blaster driver. Follow the
instructions in the “EPT Drivers” section of this manual.

M25P40
FLASH

A L\ A
CONFIG SIGNALS K ACTIVE SERIAL PROGRAMMING SIGNALS
Al v Al

—2B0P o Er2232H

UsB USB INTERFACE 8 BIT PARALLEL BUS TO FPGA ALTERA EP4CE6E22
CONN lg—UsBom

5.1.7 FT2232H Dual Channel USB to Serial Chip

The DSO 100M contains an FTDI 2232H dual channel high speed (480 Mb/s) USB to
FIFO (first in-first out) integrated circuit to interface between the Host PC and the
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FPGA. The FT2232H provides a means of data conversion from USB to serial/ parallel
data and serial/parallel to USB for data being sent from the FPGA to the PC. Channel A
is configured as a Flash Configuration bus and Channel B is configured as an 8 bit
parallel bus. FPGA Programming commands are transmitted via the channel A
interface. Channel B has one dual port 4Kbyte FIFO for transmission from Host PC to
the FPGA, it also has one dual port 4Kbyte FIFO for receiving data from the FPGA to
the Host PC. The module uses the +5Vbus from the Host USB for self power.

6 FPGA Code Description

The DSO 100M comes complete with step by step instructions on building an entire
communications system from FPGA to Windows Host. The development of this
communications system is made considerably easier because of the use of a custom
software item called “EndTerms”.

provides-an-easy-to-use-programming-interface These will be explained in later sections.
First, the software tools and how to install them will be reviewed. The tools required are
the free Visual Studio IDE and the free Quartus Prime.
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EPT Drivers
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7.0-EPT Drivers

687 EPT Drivers

The DSO 100M requires drivers for any interaction between PC. Once the driver is
installed, this will allow Windows to recognize the USB Chip and setup a pathway for
Windows to communicate with the USB hardware. The UnoProLyzer application can
control and receive data from the DSO 100M and the user can program the Config
flash.

68.17.1 USB Driver

To install the driver onto your PC, use the EPT_2.08.24 Folder. The installation of the
EPT_2.08.24 driver is easily accomplished using the “Update Driver Software” utility
in Device Manager.

Locate the EPT_2.08.24 folder in the Drivers folder of the DSO 100M DVD using
Windows Explorer.

<« Jolly » Products » Earth People Technology » EPT USB-CPLD Development System CD » Drivers » ~ |43 ) Search Drivers 2

Organize v Include in library v Share with v Bumn New folder = 0 @
Name ’
Arduino-10.1

EPT_20824
EPT Blaster

EPT_208.24
EPT_Blaster
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Windows will attempt to locate a driver for the USB device. When it does not find one,
it will report a error, “Device driver software was not successfully installed”. Ignore this

error.

- | C:\olly\Products\Earth People Technology\DUEPROLOGIC_USB_FPGA_PROJECT 2.8 DVD\Drivers

File Home  Share  View

< Jolly » Products > Earth People Technology > DUEPROLOGIC_USB_FPGA_PROJECT 2.8 DVD » Drivers »

<« v v/ | Search Drivers o
> Diodes Incorporated A Name Date modified Type Size
> DLP EPT_2.08.24 5.

EPT_Blaster 5/:

i5PM  File folder
5PM  File folder

v || Earth People Technology
> | | DUEPROLOGIC_USB_FPGA_PROJECT_1.6_DVD
~ | | DUEPROLOGIC_USB_FPGA_PROJECT_2.8 DVD
Documentation
v | Drivers
> || EPT.20824
> || EPT Blaster
> Projects_ActiveHost
Projects_Arduino
> || Projects HDL
Quartus_18.1_Prime
EPT I2C Project CD
EPT Projects Folders
MAXPROLOGIC_FRGA_PROJECT_2.7.DVD.
MEGAMAX CPLD SYSTEM PROJECT 2.7 DVD. v < >
=

2items.

Go to Start and right click on the Start icon
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Apps and Features

Mability Center

Power Options

Event Viewer Products

System

Device Manager

H Getting Started
Netwark nections eta | ISI —"

Connect to a Projector

Disk Management
Computer Management

Windows PowerShell

Windows PowerShell (Admin)

Task Manager : 24 Dec 2(

Settings
refund?

File Explorer
Search

Run

Shut down or sign out

Desktop

1 Dec 2019

le Techn

14

.'A XPS Viewer

Calculator

Sticky Notes

=
‘% Snipping Tool
| |

_»
at / Paint

§:‘ Windows Fax and Scan

Run TightVNC Server

%‘ Remote Desktop Connection
)

All Programs

Locate Device Manager and click on it.

Pictures

Music

Computer

| Control Panel

Devices and Print

Default Programs|

Help and Suppo

Locate the entry under “Other devices”. Right click “EPT USB <->Serial &I TAG

Cable” and select “Update Driver Software...’
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File Action View Help
L e 2 Ko NERN 7 ol AN R

4 ;2 HP-DeskTop-3005
48 Computer

g Disk drives

. B, Display adapters

> -4 DVD/CD-ROM drives

b g IDE ATA/ATAPI controllers

» B Monitors

4 -&¥ Network adapters
13 NETGEAR WG311v3 54Mbps Wireless PCI Adapter
¥ Realtek PCle GBE Family Controller

4[5 Other devices

{[J EPT USB <-> Serial@JTAG Cabl -

i) EPT USB <-> Serial&JTAG Cabl Update DiverSoltware. N
» 7§ Ports (COM & LPT) Disable
> [0 Processors Uninstall
% Sound, video and game controllers
, 48 System devices Scan for hardware changes
4§ Universal Serial Bus controllers —

§ Standard Enhanced PCIto USB pertics

- @ Standard Enhanced PCl to USB Host Controller
§ Standard OpenHCD USB Host Controller
§ Standard OpenHCD USB Host Controller
§ USB Composite Device
@ USBRoot Hub
--§ USB Root Hub
& LIS Raat Huh
Launches the Update Driver Software Wizard for the selected device.

At the Update Driver Software Winﬁow, select “Browse my computer for driver
software”.

U [l Update Driver Software - FT2232H MiniModule

How do you want to search for driver software?

= Search automatically for updated driver software
Windows will search your computer and the Intemnet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

= Browse my computer for driver software
Locate and install driver software manually.

Click the Browse button and browse to the \Drivers\EPT_2.08.24 folder of the EPT
FPGA Development System DVD. Click the Ok button.
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rou vane! >

L%
@ 1 Update Driver Software - FT2232H MiniModule

Browse For Folder

Browse for driver software on your computer
Select the folder that contains drivers for your hardware.

Search for driver software in this location:

C\Users: - | Documentation B

4 )| Drivers
I\ Arduine-101
4 EPT 20820

Include subfolders

1. amd64
. 386
. X L v static
= Let me pick from a list of device drivers on my computer )\ Temp
This list will show installed driver software compatible with the device, and all driver P -
software in the same category as the device. < i v

Folder:  EPT_2.08.24

Click the Next button

@ Il Update Driver Software - FT2232H MiniMedule

Browse for driver software on your computer

Search for driver software in this location:
logy\EPT USB-CPLD Development System CD\Drivers\EPT_2.08. - Browse.

Include subfolders

% Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device,

On Windows 10 PCs, the following message will appear.
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<

v A DESKTOP-4FOPUI

& Audio inputs and outputs

O sluetooth

B8 computer

s Disk drives

I Display adapters

& DVD/CD-ROM drives

% Human Interface Devices

"B |DE ATA/ATAP! controllers

<% Imaging devices

£ Keyboards

@ Mice and other pointing devices

8 Monitors

& Network adapters

§” Other devices
B4 EPTUSB <-> Serial&UTAG Cable
B4 EPTUSB <-> Serial&UTAG Cable

F Print queues

[ processors

3 Sensors

§ Software devices

§ Sound, video and game controllers

S Storage controllers

= System devices

@ Universal Serial Bus controllers

‘DM INSTRUCTIONS

# Update Drivers - EPT USB <-> Serial&UTAG Cable

Windows encountered a problem installing the drivers for your device

Windows found drivers for your device but encountered an error while attempting to install
them.

o> USB Serial Converter B

The hash for the file is not present in the specified catalog file. The file is likely corrupt or the victim
of tampering.

If you know the manufacturer of your device, you can visit their website and check the support
section for drivers.

| Close

The next window is the Windows Security notice. The EPT driver is not signed by
Windows. How to Disable Driver Signature Verification on 64-Bit Windows 10
Windows 10 implements extra protection against malicious driver files that intend to do
harm to the users PC. This implementation unfortunately locks out any third party
driver file if it is unsigned. Currently all EPT boards have unsigned drivers. Follow the
instructions below to allow Windows 10 to allow third party unsigned drivers to be
installed on your PC.
e Under Windows 10, You must restart the computer in the “options menu” mode.
This will allow you to go through the process of allowing all unsigned drivers to
self install on your Windows 10.

o First, the computer must be restarted into the so-called “options menu”. The
easiest way to get there is via the “Run”-dialog, which is opened by means of
the key combination Win+R. The command you have to enter, to boot into the
Options menu is as follows:
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o shutdown.exe /r /o /f /t 00 Caution: This command starts the reboot process
immediately!
e You’ll find the explanation of the individual parameters below:
o shutdown.exe —It’s a Command-Line application which is inclusive
with Windows. It does various kinds of restarts and shutdowns.
/r — means “restart”
/o — means “the PC should start in the Option menu”
/f — means “restart directly and close all opened programs immediately”
/t 00 — shows the time until the restart happens (in seconds). In this case
0 seconds, which equals an immediate restart Then click on the Recovery
option on the left hand side.
e After you have successfully rebooted into the “Options menu”, click
“Troubleshoot” and then “Advanced options”.

0O O O O

e Now click on the “startup settings”-button and the press “reboot”.

o After another reboot, you’re at the startup settings page. Here you can choose
between various options, which can be entered by pressing the respective
number key. For our needs, you have to click option 7 — “Disable driver
signature enforcement”. This deactivates the driver check and enables you to
install unsigned drivers in Windows 10.

o Inthe last step and after another restart, you are able to install unsigned drivers
by using Windows “Device Manager”. Don’t get confused. There still will be a
question in the beginning, as you can see in the screenshot above, but
nevertheless the installation of the driver will be possible without problems.

After these tasks are successfully completed, you can proceed with the following
sections.
Windows will add the EPT_2.08.24 driver to the System Registry.

NG Update Driver Software - EPT USB <-> Serial8JTAG Cable

Installing driver software...

When Windows has completed the update driver the following screen will be displayed.
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&) U Update Driver Software - USB Serial Converter A

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

USB Serial Converter A

Channel A of the DSO 100M is ready for use.

Next, repeat the process for Channel B.

File Action View Help

e | =B Hel e FXS

Disk drives
L, Display adapters
i DVD/CD-ROM drives
g IDE ATA/ATAPI contrallers
& Monitors
7 Network adapters
+3 NETGEAR WG311v3 54Mbps Wireless PCI Adapter
Realtek PCle GBE Family Controller
a {5 Other devices

L[ EPT USB <> Serial8JTAG

voToT T

s

175 Ports (COM & LPT) Update Driver Software... b
o [ Processors Disable
© % Sound, video and game control Uninstall

b 8 System devices
4§ Universal Serial Bus controllers Scan for hardware changes
i@ Standard Enhanced PClto
Standard Enhanced PClto
Standard OpenHCD USB Host Controller
Standard OpenHCD USE Host Controller
USB Composite Device

§
§
§
- USBRootHub
]
]
L]

Properties

L o

USB Root Hub
USE Root Hub
USE Root Hub
L. @ USBSerial Converter A

Launches the Update Driver Software Wizard for the selected device.

The driver files will automatically install in the System Registry.
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Fileion View Help
ol ARl N 7 Bl A5

443 HP-DeskTop-3005
% Computer
g Disk drives
., Display adapters
&) DVD/CD-ROM drives
g IDE ATA/ATAPI controllers
. B Monitors
' Network adapters
» Y Ports (COM & LPT)
»J23 Processors
b & Sound, video and game controllers

M System devices
4§ Universal Serial Bus controllers

§ Standard Enhanced PCIto USB Host Controller
§ Standard Enhanced PCl to USB Host Controller
§ Standard OpenHCD USB Host Controller
§ Standard OpenHCD USB Host Controller
§ USB Composite Device
@ USB Root Hub
§ USB Root Hub
@ USB Root Hub
@ USB Root Hub
@ USB Serial Converter A

|§ USB Serial Converter B

When this is complete, the drivers are installed and the DSO 100M can be used with for
programming and USB data transfers.

68.27.2 JTAG DLL Insert to Quartus Prime

The JTAG DLL Insert to Quartus Prime allows the Programmer Tool under Quartus to
recognize the DSO 100M. The DSO 100M can then be selected and perform
programming of the FPGA. The file, jtag_hw_mbftdi_blaster.dll must be placed into the
folder that hosts the jtag_server for Quartus. This dll is available for Windows 7, 8, and
10 64-bit.

68.2.17.2.1 Installing Quartus

Locate the Quartus_Prime folder on the EPT FPGA Development System DVD. The
Quartus software is updated twice per year. EPT will periodically upgrade the Quartus
version on the DVD. So, the version of Quartus may differ between the user manual and
the DVD. But, EPT tests the compatibility of DSO 100M with each version of Quartus.
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<« EPT Products » EPT USB-PLD Development System » Projects Folder » UNO_USB_CPLD_PROJECT_CD » Quartus 12.1spl

Organize v [= Open Share with v Bum New folder
MEGA_USB_CPLD_PROJECT_CD “ Name ’ Date modified Type Size
UNO_ANALOG_MONITOR PROJECT_CD
UNO_USB_CPLD_PROJECT_CD
Arduino_IDE
Documentation

@ 1215p1_243_quartus free windows.exe  3/3/2013112AM  Application 3,633,187 KB

Drivers

Projects_ActiveHost_32Bit
J. Projects_ActiveHost 64Bit

Projects_Arduino
Projects_HDL
Quartus 12:15p1

User Manual

White Paper 52

o)

12.15p1_243_quartus free_windows.exe State: B Shared Size: 346 GB Shared with: Homegroup
Application Date modified: 3/3/20131:12 AM Date created: 3/30/20131:32 PM

If you don’t have the EPT FPGA Development System DVD, you can download the
Quartus Prime by following the directions in the Section Downloading Quartus.

If you don’t need to download Quartus, double click on the
Prime_xxx_quartus_free_widows.exe (the xxx is the build number of the file, it is
subject to change). The Quartus Prime Lite Edition will start the installation process.

@ Quartus I Web Edition (Free) (includes Nios I EDS) =l

\uricodedata pyd -
Edracting 12.1sp 1_243_quattus_free_windows\attera_installer'bin

\win32api pyd

Edracting 12.1sp1_243_quattus_free_windows\attera_installer'bin

\win32fie pyd

Edracting 12.1sp1_243_quattus_free_windows\attera_installer'bin

\win32pipe pyd

Edracting 12.1sp1_243_quattus_free_windows\attera_installer'bin
\win32process pyd

Edracting 12.1sp1_243_quattus_free_windows\attera_installer'bin

\win32rmce

Edracting 12.1sp1_243_quattus_free_windows\attera_installer'bin

\win32ui pyd

Bracting 12 1ep1_243 ustus fres_windows\dsvices\weblamsilads [

Destination folder
C:\Users\NELSON™1\AppData\Local\Temp Browse.

Installation progress

When the install shield window pops up click “Yes” or if needed, enter the
administrator password for the users PC. Click “Ok”

Next, skip down to the Quartus Installer section to complete the Quartus installation.

68.2.27.2.2 Downloading Quartus

The first thing to do in order build a project in Quartus is to download and install the
application. You can find the latest version of Quartus at:

Fne e i cora don oodldn [ Field Code Ch

i Jsphttps://fpgasoftware.intel.com/?edition=pro
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Click on the Download Windows Version.

JALTERAY

MEASURABLE ADVANTAGE =

» Download Center } Documentation & myAltera / Logout

Design Software Download Center
‘Quartus I Subscription Edition
‘Quartus IT Web Edition Hom -

MegaCore 1P Library
ModeiSim-Altera
ModelSim-Altera Starter

Hecs I EDS Legacy Tools ®

0SP Buikder = i

05 Suppart QUARTU! ModelSim  Nios'Il DSP Builder

Archives

Service Packs Download the following design software of your = |

Gesign Softurare choice: Download Download
* Quartus® IT software v12.1, which includes the Wiindows Version .

Ucensing Wios® 11 Embedded Design Suite (EDS) and (LD

Get and Manage Licenses MagaCore® intellectusl property (I7) kbran ”

Licensing FAQ Subscription Edition e Install Web Edition Service Pack 1

License Oaemon Software - Web Ed:

Subs:
- Nios 11 EDS v12.1

* ModelSim3-Altera® software

ModelSim-Altera Starter Edition (free,
Orivers + ModelSim-Altera Edition—Compare wih
Cable & Adagter Drivers Mode|sim-Alters Starter Edition

Read Alters Software v12.1 Installation FAQ
Programming Software

Quartus 11 Programmer
Jam™ STAPL Software

« DSP Builder

Board Layout and Test Flease note that the service pack installation process has
BSOL Models changed. More details
SPICE Medels. Dawnload previous versi 1L software

" @ Senin

Home > Downloads > Quartus Prime Lite Edition

Download Center for FPGAs

Quartus Prime Lite Edition

ay, 2018

Vo1 Intel Quartus Prime
Setectedton[lte v
Select relesse: 180 ¥

Operating System @ &R imdows ® ) Linus

/ Anewer version of the Quartus Prime Design Software s avalable, Users should upgrade to th Iatest version of the
Prime Desen Saftwars. Ths version doss not inchude
ity updates. For Critical SUPPOTT reqUESTS, Please CONtACt OUr SYORO!

ource components that have functional

¥ You may be exposed to a vulnerabiity issue if you have nstalled or plan to mstall Quartus Prime/Quartus I oftware

HOm V1.0 10 V18,0 10 & location with space(s) in the path, See this KDB solution for more detals.

¥ The Quartus Prime Lite software version 18.0 supports the following devics famities: Amia i, Cyclone 10 LF, Cycione I,

The next page will require you to sign into your “Intel FPGA” account. If you do not
have one, follow the directions under the box, “Don’t have an account?”
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3 »

* Download Center * Documentation & myAltera Account

View myARters Home
Manage Profile "
Change Password

Logout

myAltera myAltera Account Sign In

User Name
Paw Forast Your User Name or Password?
mykitera Account Melp Password
Terms and Conditions

Don't have an account?

@  Create Your myAlters Account
Your myAltera account allows you to fle a service request, register for a class, download software, and more

Enter your email address.

r email sddresz slready exists in our system we willretrieve the sssociated information.)

Products  Solutions Support

SA (English) @ Sienln & Q

Intel® FPGA Program

Sign In Register

u Intel Employee? Sign in here If you don't already have access to the Intel® FPGA
Program, select the option that best meets your needs.
Intel Customer or Partner? n Register now for an individual account
Username If you do business with Intel as an individual, you can
request for basic access to Intel® FPGA Program tools and
password resources.
N e Bl resiter nowfora premier account
B Remermber me [ ] If you do business with Intel on behalf of a company, you

can register for a premier account. With a premier account,
you will have basic access to Intel® FPGA Program tools
and resources, and also be eligible for Intel® Premier

Don't have an Intel account? Sign up here for a basic account. - |
Support (company validation required).

Forgot your Intel username or password?
Sign in FAQ
Contact customer support

Once you have created your Intel FPGA account, enter the User Name and
Password. The next window will ask you to allow pop ups so that the file download can
proceed.
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[NO[SRYA),

MEASURABLE ADVANTAGE ™

) Download Center Documentation & myAltera / Logout

Thank you for downloading

ppart > Downloads

Design Software.

Quartus IT Subscription Editon
Quartus IT Web Edition
MegaCore IP Library.

MNoscktio Ao Altera Design Suite v12.1 for Windows (Altera Installer)
HodelSim-Alters Starter

1f the file download window, as shown in figure 1, did not appear, please.
low.

Nios 11 EDS Legacy Tools follow download troubleshooting steps bel

0SP Builder

s Support Figure 1. Download window

Archives « Get lcensing and installation
e ]

Desan Software Do you want to run or save this fle?

Licensing
Get snd Manage Licenses MName: software_name.exe
Ucensing FAQ Type: Appication, (file size)

License Daemon Scftware From: alkera.com

Programming Software
Quartus It Programmer
Jam™ STAPL Software

[ ) Coee J (o]

Drive
cabl

Adapter Orivers gy Whéefles from the rtemet can be usehd. i fe type can
v ham yurcongute ¥ a4 921t Wl th s, do et

Board Layout and Test n or seve e

8501 Models
SPICE Hodels
1815 Models Download Troubleshooting Steps
Schematic Review Worksheets 25 Chabla ar poaten Sloskin
Layout Review Worksheets « 1f 3 yellow pop-up blocker bar appears just beiow your Interet Explorer menu bar (see Figure 2), click on
Cadence PC8 Libraries the yellow bar and select “Temporarily Allow Pop-ups.” Any third-party pop-up blockers must a0 be
Mestor Graphics PCB Libraries disabled to dawnload a file.
Gerber files

Figure 2. Windows Explorer Pop-Up Blocker

Legacy Software
MAX+PLUS It
Other Legacy Software

+ You may also by-pass the pop-up blocker by chcking thes link: Download your fle now
2. The download window, & shown in figure 1, will appear, Click “Run” to iniate the Altera Installer.

Click on the “Allow Once” button. The next window will appear. It is the Download
Manager.

ATIERR
About the Download Manager

Case g

{0stad 303 6900 10 downhnas 1 raguasted e

e DA YOuE FAG o

s Explores Secusty

T o 1 e st of P v et Exre's
U e heba rotec Yo conun. o 80t 1t B
Wb, 6ot e 1 g,

ol Domnload Hanager

BT Pttt Akan Techntogies tac.

103t e e o e o5 e s

Click on the ”Allow” button. This will bring up the Save As dialog box. Save the
altera_installer.external.exe to a download file.

Save As

» Computes » Getewsy (C) » Jolly » Downlosd » Atera » Quertus

Organze v New folder
4 Recent Places 2 aive
T @ 1115p2.259_quartus free_windows.exe.
R @ 120191 232 quartus free_windows.exe
[ J‘ = @ 121.177_quanus_free_windows.eve
\ P @ 12:5p1 243_quartus_free_windows.exe
| mve B @ aten_installerextemal.oxe
 videos
|

| ®& Homegroup
& Rlolly (HP-DESKTOP-3005)
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Click the Save button. This will start the Download Manager.

35 Altera Download Manager - D*ﬂ ing (35%) =)

File: altera_installer.external.exe
Progress: 7.84 MB/22.19 MB (35% done)
Status: Downloading
Transfer Rate: 1.79 MBisec
Time Left: 00:08 secs.
JARTERA
Connections: 4 it
|| T Close window when done I” Launch when done I
1l _pause @ e 225

When it finishes, click the “Launch” button.

< Altera Download Manager - Finished = w2 |

Download Manager - Warning

1., Lounch Downloaded File: altera_installer.eternal.exe

o |[ o |

Connections.

T Close window when done T Launchhen done

o Launch | 4 Exit
Click “Ok” and “Yes” to the following screen.

v2.26

68.2.37.2.3 Quartus Installer
Click “Next” on the Introduction Window.
B i 2 bt 17 | T=E

roduction
‘Welcome to the Altara Instakler

The Atea Installr guides you through the process of nstaing Altera softviare.

To contue, dick Next.

» For mare nformation about Altera software, go to the Desqn Software SUDDOIT webste.
= For technical support, 0o to the www.atem CoMiMvapport webste.

» For online documentation on software instalations, cick here.
» For Akera Instaler command-ine options, cick here.

Alow Altara Installer ta report statistics to Akera to mprove qualky.

Click the checkbox to agree to the license terms. Then click “Next”.
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End User

€4 Anera Instatier (12.1 Buid 177)

License Agreement
To contrue nstaling the software, you must 3gree to th

B E—

rms of the software kcense agreemant balow.

s document contans three se =nsng agreements, Henthiec -
T FRE for Wos (1 13 E5 MegsCor encion

Lcense Agreement,” and "Quartus I, Verson 12.1 Standard Licensa

Agreemant.” Accestance of the terms and condizons of this document

SErvs 28 30 accaptance of each of e tves cersng areements 5

F they were ndvidualy and separs
s af o ok o€ v s
document & desmsd to be the tarms
Kensing agreesnent and governs ks fespective icensng agreement
wifiout madfying the terms and condtions of other kensng
agreements i this docur

The folowng provison apples to a thra kensng agraements
jout data and nformaton on £ own servers
o on servers hosted by thid partes. I Aken 8 providing any
ware may ako be

Akera s not Iable for data or Aformaton that i Radvertently
ucosed by the um Darty of forany sstem Gowntine reated to the
third party se

FOR QUARTUS I, VERSION 12.1, AL DISTRIBUTIONS (VB DOWNLOAD, OS,
VDS)

QUARTUS IL, VERSION 12.1 STANDARD LICENSE AGREEMENT:

ALTERA PROGRAM LICENSE SUBSCRIPTION AGREEMENT =

7 1agree to the tems of the cense agreement.

Click “Next” and accept the defaults.

€ Altera Installes (12.1 Buid 177)

Setup.
‘Select the location of the instalation fies.

Installer Setup

Specfy the Instalation Fies Drectory

Select this option  you want the Akara Instaler o retrieve istalation fles from your hard
disk or ocal natwork.

© Downkbad Instalaton Fles from the Intemet
Select this option F you want the Atera Instaler to retrieve nstalation fles from the
Intemet.
Specky how you are connected to the Intemet:
& No proxy (recommended)
Manual proxy configuration

Click “Next” to accept the defaults
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"4 Atera nstater (121 Buid 177) | | |

Select Destination
Specfy the software destnaton dractory,

Destnation Drectory:

claken\12.1 Browse

v 3 |
Temporary Directory for nstalation fles: r‘
C\Users\HELSON~11App0atal Lacal Temp Browse

Remove saved installation fies after completion,
Dawnioad ony and instal latec

Program Folder

Soacty th Program Foider:

Akera 12.1 Buid 177 {Copy 2)

Exstng Folders:

Accessones

Admmnstratie Tooks

Aar 3
Atera 12,1 Bukd 177

Atars 12,101 Bukd 243

AMD VISION Engne Control Center

AUPED!
Bares & Noble
Brother .

[ <Back Next > Cancel |

At the Select Products Window, de-select the Quartus Prime Supbscription Edition by
clicking on its check box so that the box is not checked. Then click on the check box by
the Quartus Prime Web Edition (Free).

& AtteraInstaller (12.1 Build 177} 11 | | [ESERENC <]

Select products
Select the software products you want to install

products Install Sze  Download Size
4 [7] Quartus II Subscription Edtion (includes Nios II EDS) 496 146
[ Quartus I software (64-bit) 086 M 150 M
[C] pevice Familes - R
- rtus 1T Web Edition (Free) (includes Nios I1 EDS) 816 386 |
Quartus IT software (64-b) 986 M 150 M
Device Femiles 256 246
lodeiSimAltera Starter Edition (Free) 316 401 M
7] Modelsim-Attera Edtion 316 40911
[0 D3P Builder 267 M 48 M
Description

Instals the Quartus II Web Edition software. The Quartus II Web Ediion software is ~
2 free, Imited-feature version of the Quartus IT Subscription Edition software that
supports selected FPGA and CPLD device familes. Includes the free Nios II

Embedded Design Suite.

ct Products

Instal: Download:
Space Required: 16 436 Select/Deselect Al
Space Avaizble: 808G 808G

Click “Next” to accept the defaults
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€ Altera Installer (121 Build 177) | - =

Installation Summary
Review the nstalation summary to verfy your software instalation options, and then cick Neat to begin the instalation.

Destination Directory:
cilakera\12.1

ocation:

C\Users\NELSON~1\AppDatalLacal\ Tempaltera_12.1_177
ram Folder:

Akera 12.1 Buld 177 (Copy 2)

Selected Products:
Quartus 1l Web Edion (Free) (mciudes Nos 1T EDS)

« Quartus I Web Edition (Free) (ncludes Hios Il EDS)
« Quartus I software (64-bit)

« Ama 1L 6X

« Cycione 11

+ Cydone TV LS

« Cydone IV E

+ Cydone IV GX

ychne
» Legacy Familes
* MAX TT
MAXV

Modelim-Aiera Starter Ediion (Free)

| <Back |[CNext> ][ cancel |

Click “Next” to accept the defaults
@ Altera Installer (121 Build 177) I (=] - e

Installation
Please wait while the Altera software s installed.

" Downloading Quartus I Web Edition (Free) (includes Nios Tl EDS)
| | 1%

Products Downloaded Installed
4 Quartus Il Web Edition (Free) (includes Nios 11 EDS)
Quartus IT Web Edition (Free) (inciudes Nios II EDS)
Quartus I software (64-bit)
Az I GX
Cyclane 11
Cyclone /I LS
Cyclone IV E
Cyclone TV GX
Cyclone v
Legacy Famiies
MAX I

MAX V.
ModelSim-Altera Starter Edition (Free)

Start Quartus T112.1
Get Quartus II Subscrintion License

Create Desktop Shortcuts

Quartus I Web Edition (Free) and Nios 11 SBT / Nios 11 6CC4 Toolchain

Modelsim-Alera Starter Edtion (Frae)

> Installation

Rate your instalation experience

< Back Fingh
Wait for the download to complete. The file is 3.5 GB, so this could take a couple of
hours depending on your internet connection. When installation is complete, the
following window appears.
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Installation
Please walt while the Aftera software is installed.

Instalation successful.

T 1

products Downloaded Instaled

4 Quartus II Web Edition (Free) (includes Nios II EDS)
Quartus I Web Edition (Free) (includes Nios I EDS) /'
Quartus IT software (64-bit) v
Arria I GX v

Altera Installer

@@ The Atera Instalier finished instaling the

@ = Quartus IT Web Edition (Free) (includes Nios IT EDS)
= ModalSim-Altera Starter Edition (Free)
software version 12.1.

ANS SRS SNNNNN

Start Quartus 112.1
Get Quartus TT Subscription License
Create Desktop Shortcuts

Quartus If Web Edition (Free) and Nios II SBT / Nios I 6CC4 Toolchain
ModelSim-Altera Starter Edition (Free)

> Installation

Rate your installation experience

<vack ) (SB[ Gl

Click “Ok”, then click “Finish”. The Quartus Prime is now installed and ready to be
used.

68.2.47.2.4 Adding the EPT_Blaster to Quartus Prime
Close out the Quartus Prime application. Locate the \Drivers\EPT_Blaster folder on the

DSO 100M DVD.
!ig |« Products b Earth People Technology » EPT USB-CPLD Development Sys

Organize = Includeinlibrary »  New folder

4 || EPT USB-CPLD Development System CD + Name
>} Arduino_IDE
| Documentation
4 ), Drivers Je
| Arduine-1.0.1
> || EPT 20824
4 | EPT Blaster
| x4
| 6
>} Projects ActiveHost 64Bit
» )\ Projects Arduino
> ) Projects HDL

| Quartus_Programmer

(|

l 2items

Follow these directions:

1. Open the C:\EPT FPGA Development System DVD\Drivers\EPT_Blaster\x64
folder.

Select the file “jtag_hw_mbftdi_blaster.dll” and copy it.

3. Browse over to C:\intelFPGA_lite\xx.x\quartus\bin64.

n
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4. Right click in the folder and select Paste
5. Click Ok.
6. Open the Quartus Prime application.

EI » Computer » Gateway (C:) » alters » 121 » Guartus » bindd » -~,I

Organize » 3 Openwith..  Bum  Newfoldes

L 8| jag clientll

11/23/201211.01 AM

The DLL is installed and the JTAG server should recognize it. Go to the section
“Programming the FPGA” of this manual for testing of the programming. If the driver
is not found in the Programmer Tool->Hardware Setup box, see the JTAG DLL Insert
to Quartus Prime Troubleshooting Guide.

68.37.3 Active Host Application DLL

Download the latest version of Microsoft Visual C# Express environment from
Microsoft. It’s a free download.

https://visualstudio.microsoft.com/vs/express/

Go to the website and click on the “+” icon next to the Visual C# Express. Please note
that Microsoft updates the Visual Studio each year. So, the version number in the user
manual will not reflect the same version number as the latest Visual Studio version
number. Also, the Visual C# Express and Visual Studio Express are used
interchangeably. The Visual Studio Express includes the Visual C# Express. The user
can download either Visual C# Express or Visual Studio Express. Each version of
Visual Studio Express is tested shortly after its release with the DSO 100M.
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) Visual Studio P

DOWNLOAD 01

Prerelease software

Visual Studio 2010 Express

0 Express

=) Visual C# 2010 Express

roducts

Readme

Visual C# 2010 Express

Busid custom applicatians in Visual C#, a simple. pawerful, type-safe. and object
ariented language that ensbles rapd

Microsoft Captions Language Interface Pack (CLIP}

The Micrasaét Captions Language Intertace Pack (CLIF) uses toofiip captions to

‘and elegance of C-style Languages. After installation. you can try tes product for up o
30 days. You must register 1o oblein & free product key for angaing Lse after 30 days.

Dowioad lanpuage
Engisn [<]
Instatacon aptons

Visusl C# 2010 Express - Englih

Click on the “Install now” hypertext.

Visual C# 2010 Express.

Build custom applications in Visus

2 simple, powerful, type-safe. and obyect

orientad language that enables rapid pphc twith

plsy for common user sl Stuo
integrated development environment (IDE). Use CLIP as a language aid. to see
rANSIations in your own At Update FESUNS in YOUr GW ABIVE 1BNGUE OF 353
searning ool

inthe

« Arabic - A
 Greck - Bdans

+ Hebrew -

- Hing-m
 Hungsian - Mgyor

+ My -

- Malayalam - BROGe
- o -om

-+ o~ Bl

meitng

Microsoft Captions Language Interface Pack (CLIP)

The Microsoft Captions Language Interface Pack (CLIP) uses tocltip cagtions to

and elegance of C-style anguages. Ater installstion, you can try this product fof up to
30 days. You must register to obtain a free product key for ongoing use after 30 days.

Doveioad anguage
Engisn 5]

Instatation optons

. Visual G2 2010 Expres - Englh
]

dsplay b for common user - in the Visual Studio
iegrated development emvronment (D). Use CLIP as & langusge . to ses
ranslations in your own dialect. update fesults i yoUr Own native tongue of 25 @
teaming toot

+ Arbic- s

- Gresk - X

+ Hebrww - Ty

« Hind: - ey

+ Mungarisn - Magyar

« Malay - 3% odgs

* Malaysiam - D2NWIGe

+ Oy -o0e

+ Tomi- B

D you want 1o run o save ves, web.exe (310 MB) from download microsoft.com?

@ This type o file could harm your computer

Click the “Run” button.

L Microsoft Visual C# 2010 Express Setup

Welcome to Setup

Express is a fun, simple and e

Welcome to the Microsoft Visual C# 2010 Express installation wizard. Microsoft Visual C# 2010

QO Vistal C¥ 2010
Express

tool interested in

y
qreating Windows Forms, Windows Presentation Foundation (WPF) as well s diass libraries and
console-based applications. This wizard wil guide you through the installation process. If this
product requires any prerequisites that are not currently installed on this computer, you wil be
able to install those prerequisites as well.

Help Improve Setup
You can submit information about your setup experiences to Microsoft. To
participate, check the box below.

d

[V]ves, about my setup to Microsoft Corporation.

i) For more information, click Privacy Statement
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Click “Next”, accept the license agreement. Click “Next”.

[ Microsoft Visual C# 2010 Express Setup o )
Destination Folder Mcrosohe
QO Visual C* 2010
Express

Installation location cannot be changed. Click here for more information.

Install in folder:

C:\Program Files (x86) Microsoft Visual Studio 10.0\

@
S
@

The following items will be downloaded and installed:
+  Microsoft Visual Studio 2010 Express Prerequisites x64
|| | + Microsoft Visual C# 2010 Express

Disk space requirements: C: 767 MB
Total download size: 47 MB I

[ <previous | [ mstall> ][ cancel |

Visual C# 2010 Express will install. This may take up to twenty minutes depending on
your internet connection.

[ Microsoft Visual C# 2010 Express Setup ! (=15 %
Setu lete 7 Nezpote
s OOVisual C# 2010
Express

Microsoft Visual C# 2010 Express has been installed successfully.

i) Visit Microsoft Update to download the latest service packs and security updates.

The installed successfully window will be displayed when Visual C# Express is ready
to use.

FPGA Active Transfer Libra
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At this point, all the software and drivers should be loaded on the users PC. Before, we
get into the description of how the software and FPGA code works,

A description of the how the EndTerms functions between PC and FPGA is given.

The Active Transfer Library is an HDL library designed to transfer data to and from the
DSO 100M via High Speed (480 MB/s) USB. It is a set of pre-compiled HDL files that
the user will add to their project before building it. The description of what the library
does and how to use its components are described in this manual.

cH CODE THosTos | ERGA COOK
|
— TRIGGER ENDTERM : TRANSFER Q—{ TRIGGER ENDTERM
Ct WINDOWS Acve vss Ik - venos
USER CODE !
—— |
I Ny
— A | s & —
g N |
C# WINDOWS
UseR coe usen co0e
SENDS AND SENDS AND
RECEIVES DATA RECEIVES DATA
TO/FROM TO/FROM
ENDTERMS ENDTERMS
USING SDK USING ACTIVE
TRANSFER
LIBRARY
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VIRTUAL PIPES THROUGH THE
USB HARDWARE

WINDOWS APPICATION MAXPROLOGIC APPLICATION

USER APPLICATION n—ck TRIGGER ENDTERM " ----- Lafadeascaadackalatan ~I TRIGGER ENDTERM ]._. USER CODE

C# WINDOWS FORM ERILOG
--[mussm Eunrmm[r \ Z \ J =|j TRANSFER ENDTERM ]-—0

n—-[ BLOCK ENDTERM |'L X C ‘ ¢ 4[] BLOCKENDTERM [+

from PC application code through the USB driver to the user FPGA code. The user code
connects to the Endterms in the Active Host dll. These Host Endterms have
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 FPGA.

The EndTerm channels allow unigue data sharing to be dedicated on a single channel.
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WINDOWS PC MAXPROLOGIC
TRIGGER II: :ll TRIGGER
T ADDR: 0

TRANSFER ADDR: 1

TRANSFER ADDR: 2
TRANSFER ADDR: 3

TRANSFER ADDR: 4
TRANSFER ADDR: 5

TRANSFER ADDR: 6

BLOCK ADDR: 0

BLOCK ADDR: 0

BLOCK ADDR: 1
BLOCK ADDR: 2

BLOCK ADDR: 1
BLOCK ADDR: 2

BLOCK ADDR: 3
BLOCK ADDR: 4

BLOCK ADDR: 3

BLOCK ADDR: 5
BLOCK ADDR: 6

BLOCK ADDR: 4
BLOCK ADDR: 5
BLOCK ADDR: 6

By allowing communications on multiple channels that can be a single eight bit word

(Transfer) up to 256 eight bit words (Block), the system can be flexible enough to

handle any number of different size packets. And the parser becomes a simple switch

statement. This flexible system also allows a simplified User API. To initiate a Trigger,

the user calls EPT_AH_SendTrigger(). Then, two bytes are sent:

e Command Byte
e Payload Byte

TIMING DIAGRAM FOR THE ACTIVE TRANSFER TRIGGER ENDTERM

)

private void MDT_AH_SendTrigger(byte trigger_value)

COMMAND WRITE CYCLE PAYLOAD WRITE CYCLE
TRIGGER T " T TRIGGER
CH# WINDOWS FORM HANDLED WITH TWO
VALID VALID SEPARATE SWITCH
STATEMENTS
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The Trigger EndTerm is meant to provide 255 single point events. The Transfer and
Block EndTerms are meant to transfer data.

79.18.1 EPT Active Transfer System Overview

The Active Transfer System components consist of the following:
active_transfer_library.v
ft_245 state_machine.v
endpoint_registers.vgm
active_trigger.vgm
active_transfer.vgm
active_block.vgm
The Active_Transfer_Library provides the communication to the USB hardware. While
separate Input and Output buses provide bi-directional communications with the plug in
modules. See Figure 6 for an overview of the EPT Active_Transfer system.
Figure 6 EPT Active Transfer Library Overview

INPUT/OUTPUT PINS

TOP LEVEL

T T

ACTIVE TRANSFER USER CODE

S O R
UC_0UT(21..0)

TRIGGER IN
TRIGGER OUT
TRANSFER IN
TRANSFER OUT
BLOCK IN
BLOCK OUT

Figure 6 shows how the modules of the EPT Active Transfer Library attach to the
overall user project. The EPT Active_Transfer_Library.vgm, Active_Trigger.vgm,
Active_Transfer.vgm and Active_Block.vgm modules are instantiated in the top level
of the user project. The User_Code.v module is also instantiated in the top level. The
Active_Transfer modules communicate with the User_Code through module
parameters. Each module is a bi-directional component that facilitates data transfer from
PC to FPGA. The user code can send a transfer to the Host, and the Host can send a
transfer to the user code. This provides significant control for both data transfers and
signaling from the user code to PC. The Triggers are used to send momentary signals
that can turn on (or off) functions in user code or PC. The Active Transfer is used to
send a single byte. And the Active Block is used to send a block of data. The
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Active_Transfer and Active_Block modules have addressing built into them. This
means the user can declare up to 8 individual instantiations of Active_Transfer or
Active_Block, and send/receive data to each module separately.

79.28.2_Active Transfer Library

The Active Transfer Library contains the command, control, and data transfer
mechanism that allows users to quickly build powerful communication schemes in the
FPGA. Coupled with the Active Host application on the PC, this tools allows users to
focus on creating programmable logic applications and not have to become distracted
by USB Host drivers and timing issues. The Active Transfer Library is pre-compiled
file that the user will include in the project files.

TOP LEVEL
(EPT_EPMS570_TRANSFER_Test_top.v)

LIBRARY TRIGGER TRANSFER BLOCK TRANSFER USER CODE
(EPT_ACTIVE_TRANSFER_LIBRARY.v) (ACTIVE_TRIGGER.v) (ACTIVE_TRANSFER.v) (ACTIVE_BLOCK.v)
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A/ TN TTAN T T T TN TN T TN T T AT TN TN T TN T T TAAT AT TT AT T TAAT T AT AT TATTTATTTAT

[l &

S /% Copyright Earth People Technology Inc. 2015
I

L

//#% File Name: EFT_4CE6_AF D1_Top.v

S /% Buthor: Earth Pecple Technology

f/# Date: October &, 2015

S/% Bevision: A

[l &

f/% Development: EPT Data Cocllection Project

f/# Application: Altera Cyclone IV FPGR

/ /% Description: This file contains werilog code which will allow access
fi# to Active Transfer Library.

[l &

fi#

Nk
llfllf#**********************'*************'*********'****************************
[l &

/ /% Bevision History:

fi & DATE VERSION DETATLS
L 10/6/15 1 Created
L
[l #
fi#

-/ R A A R
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__."__."#****#***#****#****#****#***#****#*********************************#****

//* Module Declaration
PR R LR R LR e e s e e

module EFT_4CE6_AF D1_Top (

input wire [1:0] aa,

input wire [1:0] bc_in,

cutput wire [2:0] bc_out,

inout wire [7:0] bd_inout,

cutput wire [T:0] XI0 1, -— D2-D9
cutput wire [2:0] KIO 2, -— D10-D12
input wire [4:0] XKIO_2_IN, -— D14-D18
cutput wire [7=0] XI0_3, —— D22-D29
cutput wire [7:0] XI0_ 4, -— D30-D37
cutput wire [T:0] XIC 5, -— D38-D45
cutput wire [T:0] XIO &, 0 -- D46-D53
input wire [5:0] XIO 7, //¥10 —— D&9%,D70,D71,D74,D75,D74

The interface from the library to the user code is two uni directional buses,
UC_IN[22:0] and UC_OUT[20:0]. The UC_IN[22:0] bus is an output bus (from the
library, input bus to the Active Modules) that is used channel data, address, length and
control information to the Active Modules. The UC_OUT[21:0] bus is an input bus (to
the library, output bus from the Active Modules) that is used to communicate data,
address, length, and control information to the Active Modules.

The control buses, aa[1:0], bc_in[1:0], bc_out[2:0], and bd_inout[7:0] are used to
channel data, and control signals to the USB interface chip. These signals are connected
directly to input and output pins of the FPGA.

79.2.18.2.1 Active Trigger EndTerm

The Active Trigger has eight individual self resetting, active high, signals. These signals
are used to send a momentary turn on/off command to Host/User code. The Active
Trigger is not addressable so the module will be instantiated only once in the top level.
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743 wire [22%3-1:0] wuc out m;

744 eptWireOR # (.N(3)) wireOR (UC_OUT, uc_out_m);

T active_trigger ACTIVE_TRIGGER_INST
746 [ (

747 .uc_clk (CLE_68) ,

T48 .uc_reset (RST) ,

749 .uc_in (UC_1M),

750 Luc_out (uc_out_m[ O +: 1)
752 .trigger_to_host (trigger_to_host),
753 .trigger to_device (trigger_in byte)
Tea i ):

o

To send a trigger, decide which bit (or multiple bits) of the eight bits you want to send
the trigger on. Then, set that bit (or bits) high. The Active Transfer Library will send a
high on that trigger bit for one clock cycle (66 MHz), then reset itself to zero. The bit
can stay high on the user code and does not need to be reset to zero. However, if the
user sends another trigger using the trigger byte, then any bit that is set high will cause a
trigger to occur on the Host side.
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m
= BT =]

always @ (TRIGGER OUT or trigger in reset or reset)
begin
if(!reset)
trigger to host = E'hi;
else if (trigger in reset)
trigger to host = S'h0;
else if (TRIGGER OUT > Z'h0)
trigger_to_host = TRIGGER CUT:
end

(EHES S
—@0 ————m —O

always @ (posedge CLE &6 or negedge reset)
begin
if({lreset)
begin
trigger_in reset <= 0;
end
else
begin
if (trigger to_host > 0)
trigger in reset <= 1'bl;
else
trigger_in reset <= 0;
end

L L L L Lo L LA R ORD R ORD R ORD ORI RS R ORI ORI R RDORY RS R ORI ORI R R R ORISR

end

So, care should be used if the user code uses byte masks to send triggers. It is best to set
only the trigger bits needed for a given time when sending triggers.

The user code must be setup to receive triggers from the Host. This can be done by
using an asynchronous always block. Whenever a change occurs on a particular trigger
bit (or bits), a conditional branch can detect if the trigger bit is for that block of code.
Then, execute some code based on that trigger.
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= i———
311 always @(trigger in byte or trigger in reset or reset)
312 kegin

313 if{lreset)

Y = begin

315 trigger_in detect = 1'b0;

316 r end

3] else 1f (trigger in reset)

3 = begin

31 trigger in detect = 1'b0;

320 r end

321 else if (trigger in byte > 2'h0)

322 [H begin

323 trigger in detect = 1'bl;

324 r end

325 - end

326

327 -
328 IT J/ Store the walue of Trigger In

329 -
330 always @ (posedge CLE 66 or negedge reset)

331 begin

332 if{reset)

= = kegin

334 trigger in store <= 3'h0I;

335 trigger in reg <= 1'bC

336 trigger in reset <= H

237 r end

338 else if (trigger in detect & ltrigger in reg)

3 = begin

340 if(trigger in byte I= 0)

341 trigger im store[7:0] <= trigger_im byte[7:0]:
342 trigger_in reg <= 1'bl;

ZiciE] r end

344 else if (trigger in reg)

345 [H begin

346 trigger in reg <= 1'b0;

347 trigger in reset «= 1'bl;

348 r end

349 else if (!trigger_ in detect)

350 [H begin

351 trigger im reg <= 1'b0;

352 trigger in reset <= L'b0;

HEE r end

Sy - end
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79.2.28.2.2 Active Transfer EndTerm

The Active Transfer module is used to send or receive a byte to/from the Host. This is
useful when the user’s microcontroller needs to send a byte from a measurement to the
Host for display or processing. The Active Transfer module is addressable, so up to
eight individual modules can be instantiated and separately addressed.

active transfer ACTIVE TRANSFER INST
=] (

.uc_clk (CLE_s8),
.uc_reset (reset),
.uc_in (UC_IN),
.uc_out (uc_out_m[ 1% +: 1),
.start_transfer (transfer out reg),
.transfer received (transfer in received),

767 .uc_addr { ).

769 .transfer to_host (transfer out byte),

77 .transfer to device (transfer_ in byte)

7L " )i

T2

To send a byte to the Host, select the appropriate address that corresponds to an address
on Host side. Place the byte in the “transfer_to host” parameter, then strobe the
“start_transfer” bit. Setting the “start_transfer” bit to high will send one byte from the
“transfer_to_host” byte to the Host on the next clock high signal (66 MHz). The
“start_transfer” bit can stay high for the duration of the operation of the device, the
Active Transfer module will not send another byte. In order to send another byte, the
user must cycle the “start_transfer” bit to low for a minimum of one clock cycle (66
MHz). After the “start_transfer” bit has been cycled low, the rising edge of the bit will
cause the byte on the “transfer_to host” parameter to transfer to the host.
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f o
// Transfer byte to Device
S e -
always @ (TRANSFER OUT _EN or reset)
begin
if{lreset)
begin
transfer out detect = 1'ki;
end
else
begin
if(transfer to device_ reset)
transfer out_detect = 1'b0;
else if(TRANSFER OUT EN)
begin
transfer out_byte = TRANSFER OUT_BYTE;
transfer out_detect = 1'bl;
end
end
end
J e
/f Reset transfer to device_ reset
o
always @ (posedge CLE_ &6 or negedge reset)
begin
if (lreset)
kegin
transfer to device reset <= 1'b0;
end
el=se
begin
if(transfer our_detect)
transfer to dewvice reset <= 1'bl;
el=se
transfer to_device reset <= 1'b0;

end
end

To receive a byte, the Active Host will send a byte using it’s dll. The user code must
monitor the transfer_received port. The transfer_received port will assert high for one
clock cycle (66 MHz) when a byte is ready for reading on the transfer_to_device port.
User code should use an asynchronous always block to detect when the
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transfer_received port is asserted. Upon assertion, the user code should read the byte

from the transfer_to_device port into a local register.

T ansfer to Host

R

R

]
Lk

(]

always @ (posedge CLE_ &6 or negedge reset)

begin
if (!reset)

R
(TS

3R

begin
transfer out <=

(]

R

transfer out_reg <=

o

R I
B 0 L L R ORI ORI ORI ORI ORI ORI RIORY R
AR ST 1 o 3

transfer out_byte <=
o end
else

begin
if(start_transfer byte & !transfer_ out)

begin

{ilE——{il}

transfer out_reg <=

transfer out <=

238 r end
else if(start_transfer byte & transfer out)
240 H begin
241 transfer out_reg <=
transfer out <= ;
end

begin
transfer out_reg <= H
247 transfer out <=
24 r end

P end

- end

79.2.38.2.3 Active Block EndTerm

transfer out_byte <= TRANSFER HOST BYTE:!

else if(!start_transfer byte & transfer out)

The Active Block module is designed to transfer blocks of data between Host and User
Code and vice versa. This allows buffers of data to be transferred with a minimal
amount of code. The Active Block module is addressable, so up to eight individual
modules can be instantiated and separately addressed. The length of the block to be

transferred must also be specified in the uc_length port.
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811 active block BLOCK_TRANSFER_INST
812 [H {

813 .uc_clk (CLE_&8),

814 .uc_reset (RST) ,

815 .uc_in (OC_IN),

Ble .uc_out (uc_out m[ 2% +: 1),
818 .gtart_transfer (block out reg),

819 .transfer received (block in rcv),

820

821 .transfer ready (block_byte_ready),
822

823 «uc_addr { |

824 -uc_length (BLOCK_COUNT_8),

825

B2e6 .transfer to host (block out byte),

827 .transfer to device (block in data),

828

829 .STATE OUT (block state out),
830 .TEST_BUS (block_out_test_bus)
832 - )i

To send a block, it’s best to have buffer filled in a previous transaction, Then assert the
start_transfer bit. This method is opposed to collecting and processing data bytes after
the start_transfer bit has been asserted and data is being sent to the Host.

Once the buffer to send is filled with the requisite amount of data, the address and
buffer length should be written to the uc_addr and uc_length ports. Set the start_transfer
bit high, the user code should monitor the transfer_ready port. At the rising edge of the
transfer_ready port, the byte at transfer_to_host port is transferred to the USB chip.
Once this occurs, the user code should copy the next byte in the buffer to
transfer_to_host port. On the next rising edge of transfer-ready, the byte at
transfer_to_host will be transferred to theUSB chip. This process continues until the
number of bytes desicribed by the uc_length have been transferred into the USB chip.
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542 N ———
543 // Registers to start Block Transfer Cut

544 —
545 always @ (posedge CLE &6 or negedge RST)

546 begin

547 if (!R3T)

548 = begin

549 block_out_reg <= 1'b0;

550 start_block transfer reg <= 1'bC

591 & end

552 else

553 [H begin

S if(start_block transfer & l!start block transfer reg)
5585 start_black_transfer_reg <= 'kl

556 else if(start block transfer reg & !block out reg)
557 H begin

558 block out_reg <= 1'bl;

L r end

560 else if(block out_counter »>= BLOCK COUNT_Eg)
561 [H begin

562 block_out_reg <= 1'b0;

563 start_block transfer reg <= 1'b0;
564 & end

365 I end

566 - end

567

568 [l oo
569 IT // Data for Block Transfer Cut

570 —
571 always @ (posedge CLE &6 or negedge RST)

572 begin

573 if (!R3T)

574 = begin

575 block_out_counter <= 0;

576 I end

577 else

578 = begin

S if (block byte_ ready)

580 = begin

581 block_out_counter <= block_out_counter + 1'4dl;
582 B end

SB3 else if(block out_counter »>= BLOCE COUNI_g )
584 [H kegin

585 block out_counter <= 0;

586 r end

587 r end

588 - end
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To receive a buffer from the Host, the user code should monitor the transfer_received
port for assertion. When the bit is asserted, the next rising edge of transfer_ready will
indicate that the byte at transfer_to_device is ready for the user code to read.

[Add code snippet showing Active Block Module bytes received by the user code]

79.38.3 Timing Diagram for Active Transfer EndTerms

The Active Transfer Library uses the 66 MHz clock to organize the transfers to Host
and transfer to Device. The timing of the transfers depends on this clock and the
specifications of the USB chip. Users should use the timing diagrams to ensure proper
operation of user code in data transfer.

79.3.18.3.1 Active Trigger EndTerm Timing

15.15 ns
CLOCK (66 MHx] I | I l | I I | I I I
|.(| 15.15 ns|
TRIGGER HOST (Each Bit) / esns \ / }
SETUP TIME
Figure xx Active Trigger to Host Timing
15.15 ns|
CLOCK (66 MHz!l | I | I | I | I | I | I | | I | I | I | I |
45.4 ns
TRIGGER TO DEVICE (Each Bit) / \
Figure xx Active Trigger to Device Timing
79.3.28.3.2 Active Transfer EndTerm Timing
115.15 ns
CLOCK(GGMH:)I[ l|l|||||||[ |||||||I ||
F———Eﬁ:?—__+33;¥ bz
START_TRANSFER ________ / M
5.4 ns
Dk cyrry =L T
T _TO_HOST < >—<

Figure xx Active Transfer To Host Timing
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15.15 ns|
accceemey [ LI LI LT LI L LML L L L L L L L LT

30.1ns 15.15 ns 30.1ns

TRANSFER_RECEIVED
5.4 n-.—.|
"—' S5.4ns

AN
/

5.4 ns
S5.4ns
TRANSFER_TO_DEVICE (

Figure xx Active Transfer To Device Timing

79.3.38.3.3 Active Block EndTerm Timing

15.15ns

4
CLOCK (66 MHz)
START_TRANSFER _/ "_J‘W.| ‘ \_
[i5.15ns
TRANSFER_READY - [ [ [ [ [ [ [
" j303n:
03 ne
TRANS R rasT Coveo >—Caver >—avrez > ovies > svrea >— svies >— srres >— avier >—
Figure xx Active Block To Host Timing
15.15ns
4
aocces JIUANAANAAAA AR A A AR A AR AR ATAAAAAR
+ 1080 ns * l—sﬁ-gs
YRANSFER_RECEIVED_/ 1:| 5ns \
1110 ns
TRANSFER_READY . | | I | | | I
: 0.3 ns (2
TRANSFER_TO_DEVICE Covreo >—aver >— o2 > ovies > sviea >— ovres >—< svies >— avie7 >—

9 PC Active Host Description

The communication path between DSO 100M and the PC is made possible by the use of
EndTerms. These EndTerms provide a virtual “pipe” of data capable of sending and
receiving bytes between the Windows PC and the FPGA. In order to fully explain the
FPGA Code used in the DSO 100M, a quick explanation is needed of the transfer
mechanism in the UnoProLyzer C# project.

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
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Forml.es & X

[&#] EPT_Transfer_Demo + || 3 EPT_Transfer_Demo.EPT_Transfer_Demo -
seafl | B
51e
S11QE private void btnCountUp_Click(object sender, Eventirgs e)
512 {
513 LoadTimerValue();
514
515 //Send the Inital walue to the Active Transfer Module 2
516 //for leading into the Shift Left LED
517 EPT_AH_SendByte(@x@l, (char)LEDStatus);
518
519 //send Trigger 1 to latch the Shift-Count Value
528 EPT_AH_SendTrigger((byte)@xe2);
521
522 //5end the start Shift Right to the Control Register
523 EPT_AH_SendTransferCentrelByte((char)2, (char)ex4e);
524
525 //5et the Button State so User can know which function is selected
526 SetLEDControlButtons (SELECT_COUNT _UP);
s27f | 3
528
52000 private void btnCountDown_Click(cbject sender, EventiArgs e)
538 | I

100% ~|4

The above is a code sample from a C# Windows Form. You can see functions that write
a byte to the FPGA

e (EPT_AH SendByte(0x01, (char)LEDStatus))

and_write a trigger bit to the FPGA

e (EPT AH SendTrigger((byte)0x02).
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353 [

954 =/

£33 active trigger RCTIVE TRIGGER_INST

956 H {

957 .uc_clk (CLE_&8) ,

958 .uc_reset (RST),

959 .uc_in (UC_IN),

Sa0 .uc_out {uc_out_m[ O*22 22 1),
96l

962 .trigger to_host (trigger_out),

963 .trigger_ to_device (trigger_in byte)

964

2965 - Y

966

8967 active transfer RCTIVE TRANSFER INST_ 1
968 [ {

969 .uc_clk (CLE_B8) ,

g70 .uc_reset (R3T) ,

971 .uc_in (UC_IN),

972 .uc_out (uc_out_m[ 1%22 +: 22 1),
973

974 .start_transfer {led start_transfer),

975 .transfer received (led_transfer in received),
a7e

977 .transfer busy .

978

a7g9 .uc_addr (3'hl),

980

981 .transfer to_host (led_host_transfer byte),
982 .transfer to_device {led device_transfer byte)
g8z - )

The above code is the interface Verilog which resides in the FPGA. When the C#
Windows form sends a byte or trigger, the signals in the FPGA code react and allow the
user code to receive the byte and trigger and perform some function with the
information. In the case of this example, the LEDs will change state.

Receiving data from the FPGA is made simple by Active Host. Active Host transfers
data from the FPGA 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 FPGA. The user application does not need to
schedule a read from the USB or call any blocking threads.

~ Active Host Agglicatio_n,
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82-Active Host Application

AITERAY

bos
@ st rapectorlog sip
a

l EPT_Transfer_Test Date modifiect 3/13/2013852 P
Fiefolde:
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24310  Active Host Application

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
from PC application code through the USB driver to the user FPGA code. The user code
connects to “Endterms” in the Active Host dll. These host “Endterms” have
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).
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Immediately after writing to the selected Endterm, the value is received at the HDL
Endterm in the FPGA. The Trigger Endterms are used as “switches”. The user code can
set a Trigger bit in the FPGA and cause an event to occur. The Transfer Endterm sends
one byte to the FPGA. The Block Endterm sends a block of bytes. By using one of the
Active Host Endterms, the user can create a dynamic, bi-directional, and configurable
data transfer design.

FPGA CODE
p— “~ _P_\,‘ -
-

Y | =

—d —q

C# CODE HOST 0S
ACTIVE
TRANSFER

Q—-* TRIGGER ENDTERM F—.
VERILOG
ACTIVE LIBRARY
TRANSFER ENDTERM HOST /; D";"f,“m { UsBBUS ) TRANSFER ENDTERM
DLL \ v USER CODE
e———{ BLOCKENDTERM

TRIGGER ENDTERM
Ci# WINDOWS

e

il

USER CODE
BLOCK ENDTERM —

C# WINDOWS
USER CODE
SENDS AND

RECEIVES DATA

TO/FROM
ENDTERMS
USING SDK

VERILOG
USER CODE
SENDS AND

RECEIVES DATA
TO/FROM
ENDTERMS
USING ACTIVE
TRANSFER
LIBRARY

243.110.1 Trigger EndTerm

The Trigger EndTerm is a software component that provides a direct path from the
users application to the commensurate Trigger EndTerm in the FPGA. The Trigger has
eight bits and is intended to be used to provide a switch at the opposite EndTerm. They
are fast acting and are not stored or buffered by memory. When the user code sets a
Trigger, it is immediately passed through to the opposite EndTerm via the USB driver.
When receiving Trigger, the user application is required to respond to a callback from
the Active Host dll.

243.210.2 Transfer(Byte) EndTerm

The Transfer EndTerm is a software component that provides a direct path from the
users application to the commensurate Transfer EndTerm in the FPGA. It is used to
transfer a byte to and from the FPGA. Eight separate Transfer EndTerm modules can be
instantiated in the FPGA. Each module is addressed by the user application. Sending a
byte is easy, just use the function call with the address and byte value. The byte is
immediately sent to the corresponding EndTerm in the FPGA. Receiving a byte is just
as easy, a callback function is registered at initialization. When the FPGA transmits a
byte using its EndTerm, the callback function is called in the user application. The user
code must store this byte in order to use it. The incoming Transfers are stored in a

Page
105




2 EARTHPEOPLE

TECHNOLOGY

DSO Development System User Manual

circular buffer in memory. This allows the user code to fetch the transfers with out
losing bytes.

243.310.3 Block EndTerm

The Block EndTerm is a software component that provides a direct path from the users
application to the commensurate Block EndTerm in the FPGA. The Block EndTerm is
used to transfer a complete block to the FPGA. Block size is limited to 1 to 256 bytes.
Eight separate Block EndTerm modules can be instantiated in the FPGA. Each module
is addressed by the user application. Sending a block is easy, just use the function call
with the address, block length, byte array. The block is buffered into a circular buffer in
memory then transmitted via the USB bus to the Block EndTerm in the FPGA.
Receiving a block is just as easy, a callback function is registered at initialization. When
the FPGA transmits a block using its EndTerm, the callback function is called in the
user application. The incoming Transfers are stored in a circular buffer in memory. This
allows the user code to fetch the transfers with out losing bytes.

243.410.4 Active Host DLL

The Active_Host DLL is designed to transfer data from the FPGA 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
FPGA. This method of automatically moving data from the user code Endterm in the
FPGA makes the data transfer transparent.

The data seamlessly appears in Host PC memory from the Arduino. The user code will
direct the data to a control such as a textbox on a Windows Form. The transparent
receive transfer path is made possible by a Callback mechanism in the Active Host dll.
The dll calls a registered callback function in the user code. The user code callback can
be designed to generate any number of events to handle the received data.

The user application will access the FPGA by use of functions contained in the Active
Host dll. The functions to access the FPGA are:
e EPT_AH_GetName()
EPT_AH_GetVersionString()
EPT_AH_GetVersionControl()
EPT_AH_GetInterfaceVersion()
EPT_AH_CheckCompatibility()
EPT_AH_Open()
EPT_AH_Close()
EPT_AH_lInitialize()
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EPT_AH_Release()
EPT_AH_QueryDevices()
EPT_AH_SelectActiveDeviceByName()
EPT_AH_SelectActiveDeviceByIndex()
EPT_AH_GetDeviceName()
EPT_AH_GetDeviceSerial()
EPT_AH_OpenDeviceBylIndex()
EPT_AH_CloseDeviceBylIndex()
EPT_AH_CloseDeviceByName()
EPT_AH_SendTrigger ()

EPT_AH_SendByte ()

EPT_AH_SendBlock ()
EPT_AH_SendTransferControlByte()
EPT_AH_RegisterReadCallback ()
EPT_AH_GetLastError()
EPT_AH_PerformSelfTest()
EPT_AH_LEDBIinky()
EPT_AH_SetDebugMode()
EPT_AH_RegisterReadCallbackForChannel()
EPT_AH_FlushDeviceChannelBuffer()
EPT_AH_GetDeviceChannelFreeBufferBytes()
EPT_AH_GetDeviceChannelPendingBufferBytes()
EPT_AH_SetChannelConnectionFlag()
EPT_AH_GetChannelConnectionFlag()

243.4.1104.1 Active Host Open Device

To use the library functions for data transfer and triggering, an Earth People
Technology device must be opened. The first function called when the Windows Form
loads up is the <project_name>_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(). Use the function List Devices() to

detect all EPT devices connected to the PC.

Page
107




EARTHRPEOPLE

TECHNOLOGY

DSO Development System User Manual

// Main object loader
private void EPT_Transfer_Demo Load(object sender, System.Eventirgs e)

{
// Call the List Devices function
ListDevices();
//Active Host Debug
//EPT_AH_SetDebugMode(l);

¥

The ListDevices() function calls the EPT_AH_Open() function to load up the
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, nullj);

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

}

// Query connected devices
num_devices = EPT_AH_QueryDevices();

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

// Go through all available devices
for (device_index = @; device_index < num_devices; device_index++)

{
string str;
str = Marshal.PtrToStringAnsi((IntPtr)EPT_AH_GetDeviceName(device_index));
cmbDevlist.Items.Add(str);
}
return @;
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The user will select the device from the drop down combo box. This can be seen when
the Windows Form is opened and the cmbDevList combo box is populated with all the
devices. The selected device will be stored as an index number in the variable

device_index.

B8 Actve H
"g

USB High Speed TransferB]

(Open |  [Cose]

In order to select the device, the user will click on the “Open” button which calls the
Open_Device() function. The device_index is passed into the
EPT_AH_OpenDeviceBylIndex() function. If the function is successful, the device
name is displayed in the label, labelDeviceCnt. Next, the device is made the active
device and the callback function is registered. 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()
{
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.PtrToStringAnsi((IntPtr)EPT_AH_GetDeviceName(device index)) + ", " +
Marshal.PtrToStringAnsi((IntPir)EPT_AH_GetDeviceSerial(device_index));
}

// Make the opened device the active device
if (EPT_AH SelectActiveDeviceByIndex(device_index) == @)

{
String message = "Error selecting device: ¥s " +
Marshal.PtrToStringAnsi((IntPir)EPT_AH GetlastError());
MessageBox. Show(message) ;
return @;
}

// Register the read callback functicn
RegisterCallBack();
btnopenDevice.Enabled = false;
btnCloseDevice.Enabled = true;

return @;

243.4.210.4.2 Active Host Read Callback Function

The local callback function is populated. It resides in the active_transfer.cs file. 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.

// Actual callback function which will read messages coming from the EPT device
unsafe wvoid EPTReadFunction (Int32 device_id, Int32 dewvice_channel, byte command, byte payload,

{

char* message = (char *)data;

// select current device
EPT_AH_SelectActiveDeviceByIndex(device_id);

// Make sure we have data in the system

if (message != null)
1
MessageBox.Show("Message " + Marshal.PtrToStringAnsi((IntPtr) message));
b

b
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Because the callback function communicates directly with the dll and must pass
pointers from the dll to the C# Windows Form, the Marshaling scheme must be used.
Marshaling allows pointer variables created in the dll to be passed into the C#. It is an
advanced topic and will not be covered in this manual.

243.4.310.4.3 Active Host Triggers

The user application can send a trigger to the FPGA by using the
EPT_AH_SendTrigger() function. First, open the EPT device to be used with
EPT_AH_OpenDeviceByIndex(). Call the function with the bit or bits to assert high on
the trigger byte as the parameter. Then execute the function, the trigger bit or bits will
momentarily assert high in the user code on the FPGA.

private void btnTriggerl_Click(cbject sender, Eventirgs e)

{

}

To detect a trigger from the FPGA, the user application must subscribe to the event
created when the incoming trigger has arrived at the Read Callback function. The Read
Callback must store the incoming trigger in a local variable. A switch statement is used
to decode which event should be called to handle the incoming received data.

e TRIGGER_IN

e TRANSFER_IN

e BLOCK_IN

EPT_AH_SendTrigger((char) 1);
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unsafe void EPTReadFunction (Int32 device_id, Int32 dewvice_channel, byte command, byte payload,

{

byte* message = data;

// select current device
EPT_AH_SelectActiveDeviceByIndex(device_id);

//Add command and device_channel to the receive object
EPTReceiveData.Command = ((command & @x38) >» 3);
EPTReceiveData.Address = device_channel;

//Check if the command is Block Receive. If so,

/fuse Marshalling to copy the buffer into the receive
//object

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);
//UpdateTextBlock();
}

else

{
} -

this.Invoke(new EventHandler (EPTParseReceive));

EPTReceiveData.Payload = payload;

¥

private wvoid EPTParseReceive(object sender, System.Eventirgs e)
1
switch (EPTReceiveData.Command)
1
case TRIGGER_OUT_COMMAND:
TriggerOutReceive();
break;
case TRANSFER_OUT_COMMAND:
TransferfQutReceive();
break;
case BLOCK_OUT_COMMAND:
BLockOutReceive();
break;
default:
break;
3
¥
The event handler function for the TRIGGER IN’s uses a switch statement to

determine which trigger was asserted and what to do with it.
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public woid Receive_Trigger_In(cbject sender, Eventirgs e)
1
switch (ept_data.Payload)
1
case @x@l:
lLableSwitchl.Text = "Switch 1\n Pressed";
break;
case Bx@2:
lLableSwitch2.Text = "Switch 2\n Pressed";
break;
case BxEd4:
llableSwitchl. Text
lLableSwitch2. Text "
break;

}

The receive callback method is complex, however, Earth People Technology has
created several projects which implement callbacks. Any part of these sample projects
can copied and pasted into a user’s project.

243.4.410.4.4 Active Host Byte Transfers

The Active Host Byte Transfer EndTerm is designed to send/receive one byte to/from
the EPT Device. To send a byte to the Device, the appropriate address must be selected
for the Transfer module in the FPGA. Up to eight modules can be instantiated in the
user code on the FPGA. Each module has its own address.

private woid btnWriteByte Click(object sender, Eventirgs e)

1
int ibyte, address to dewvice;
ibyte = Convert.ToInt32(tbNumBytes.Text);
address_to_device = Convert.ToInt32(tbAddress.Text);
EPT_AH_SendByte(address_to_device, (char)ibyte);

h

Use the function EPT_AH_SendByte() to send a byte the selected module. First, open
the EPT device to be used with EPT_AH_OpenDeviceBylIndex(). Then add the address
of the transfer module as the first parameter of the EPT_AH_SendByte() function. Enter
the byte to be transferred in the second parameter. Then execute the function, the byte
will appear in the ports of the Active Transfer module in the user code on the FPGA.

To transfer data from the FPGA Device, a polling technique is used. This polling
technique is because the Bulk Transfer USB is a Host initiated bus. The Device will not
transfer any bytes until the Host commands it to. If the Device has data to send to the
Host in an asynchronous manner (meaning the Host did not command the Device to
send data), the Host must periodically check the Device for data in it’s transmit FIFO. If
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data exists, the Host will command the Device to send it’s data. The received data is
then stored into local memory and register bits are set that will indicate data has been
received from a particular address.

To receive a byte transfer from the Active host dll, user code must subscribe to the
event created when the incoming byte transfer has arrived at the Read Callback
function. The Read Callback must store the incoming transfer payload and module
address in a local memory block. A switch statement is used to decode which event
should be called to handle the incoming received data. The event handler function will
check for any bytes read for that address.

unsafe void EPTReadFunction (Int32 device_id, Int32 dewvice_channel, byte command, byte payload,

{

byte* message = data;

[/ Select current device
EPT_AH_SelectActiveDeviceByIndex(device_id);

//Add command and device_channel to the receive object
EPTReceiveData.Command = ((command & @x38) >»> 3);
EPTReceiveData.Address = device_channel;

J//Check if the command is Block Receive. If so,
/fuse Marshalling to copy the buffer into the receive

/fobject

if (EPTReceiveData.Command == BLOCK_OUT_COMMAND)

1
EPTReceiveData.Length = data_size;
EPTReceiveData.cBlockBuf = new Byte[data_size];
Marshal.Copy(new IntPtr(message), EPTReceiveData.cBlockBuf, @, data_size);
f/UpdateTextBlock();

¥

else
EPTReceiveData.Payload = payload;

¥

this.Invoke(new EventHandler(EPTParseReceive});
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private woid EPTParseReceive(cbject sender, System.Eventfrgs e)

1

switch (EPTReceiwveData.Command)

{

case TRIGGER_OUT_COMMAND:
TriggerOutReceive();
break;

case TRANSFER_OUT_COMMAND:
TransferQutReceive();
break;

case BLOCK OUT_COMMAND:
BLockOutReceive();
break;

default:
break;

}
}
The EventHandler function EPTParseReceive() is called by the Read Callback function.
The EPTParseReceive() function will examine the command of the incoming byte

transfer and determine which receive function to call.
public void TransferOutReceive()

1
string WriteRcwChar = "";
WriteRcvChar = String.Format("{8}", (int)EPTReceiveData.Payload);
tbhDataBytes.AppendText(WriteRcvChar + ' ')
tbAddress.Text = String.Format("{@:x2}", (uint)System.Convert.ToUInt32(EPTReceiveData.Address.ToString(]

For our example project, the TransferOutReceive() function writes the Transfer byte
received to a text block. The receive callback method is complex, however, Earth
People Technology has created several projects which implement callbacks. Any part of
these sample projects can copied and pasted into a user’s project.

243.4.510.4.5 Active Host Block Transfers

The Active Host Block Transfer is designed to transfer blocks of data between Host and
FPGA and vice versa through the Block EndTerm. This allows buffers of data to be
transferred with a minimal amount of code. The Active Host Block module (in the User
Code) is addressable, so up to eight individual modules can be instantiated and
separately addressed. The length of the block to be transferred must also be specified.
The Block EndTerm is limited to 1 to 256 bytes.

To send a block, first, open the EPT device to be used with

EPT_AH_OpenDeviceBylIndex(). Next, use the EPT_AH_SendBlock() function to send
the block. Add the address of the transfer module as the first parameter. Next, place the
pointer to the buffer in the second parameter of EPT_AH_SendBlock(). Add the length
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of the buffer as the third parameter. Then execute the function, the entire buffer will be
transferred to the USB chip. The data is available at the port of the Active Block
module in the user code on the FPGA.

public unsafe woid BlockCompare(cbject data)

1

int BlockAddress = (int)data;
byte[] cBuf = new Byte[device[BlockAddress].Length];

if ((device[BlockAddress].Repititions > @) &
!device[BlockAddress].TransferPending & !BlockTransferstop)

i

device[BlockAddress].TransferPending = true;
Buffer.BlockCopy(block_8_in_payload, @, cBuf, @,
device[BlockAddress].Length);
fixed (byte* pBuf = cBuf)
{
EPT_AH SendBlock(device[BlockAddress].Address,
{woid*)pBuf, (uint)device[BlockAddress].Length);

¥
Thread.5leep(1);

EPT_AH SendTransferControlByte((char)2, (char)2);
Thread.Sleep(1);

EPT_AH SendTrigger((char)128);

Thread.Sleep(1);
EPT_AH_SendTransferControlByte((char)2, (char)a);

if (BlockTransferInfinite)
device[BlockAddress].Repititions = 1;
elze
device[BlockAddress].Repititions--;

h
}

To receive a block transfer from the FPGA Device, a polling technique is used by the
Active Host dll. This is because the Bulk Transfer USB is a Host initiated bus. The
Device will not transfer any bytes until the Host commands it to. If the Device has data
to send to the Host in an asynchronous manner (meaning the Host did not command the
Device to send data), the Host must periodically check the Device for data in its
transmit FIFO. If data exists, the Host will command the Device to send its data. The
received data is then stored into local memory and register bits are set that will indicate
data has been received from a particular address. The receive callback function is then
called from the Active Host dll. This function start a thread to do something with the
block data.

To receive a byte transfer from the callback function, user code must subscribe to the
event created when the incoming byte transfer has arrived at the Read Callback
function. The Read Callback must store the incoming transfer payload and module
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address in a local memory block. A switch statement is used to decode which event
should be called to handle the incoming received data. The event handler function will
check for any bytes read for that address.

unsafe void EPTReadFunction (Int32 device_id, Int32 dewice_channel, byte command, byte payload,

{

byte* message = data;

// select current device
EPT_AH_SelectActiveDeviceByIndex(device_id);

//Add command and device channel to the receive object
EPTReceiveData.Command = ((command & @x38) »>»> 3);
EPTReceiveData.Address = device_channel;

J//Check if the command is Block Receive. If so,
//use Marshalling to copy the buffer into the receive
//object
if (EPTReceiveData.Command == BLOCK_OUT_COMMAND)
{
EPTReceiveData.Llength = data_size;
EPTReceiveData.cBlockBuf = new Byte[data_size];

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

1

else

1
}

this.Invoke(new EventHandler (EPTParseReceive));

EPTReceiveData.Payload = payload;

}

private woid EPTParseReceive(object sender, System.Eventirgs e)
1
switch (EPTReceiwveData.Command)
{
case TRIGGER_OUT_COMMAND:
TriggerOutReceive();
break;
case TRANSFER_OUT_COMMAND:
TransferQutReceive();
break;
case BLOCK_OUT_COMMAND:
BLockOutReceive();
break;
default:
break;
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The EventHandler function EPTParseReceive() is called by the Read Callback function.

The EPTParseReceive() function will examine the command of the incoming byte
transfer and determine which receive function to call.

public woid Receive Block In(object sender, Eventirgs e)

i
device[ept_data.Address].TransferPending = false;
Thread.Sleep(5);
if (device[ept_data.Address].ContinuosCountTest == false)
{
Thread t = new Thread(new ParameterizedThreadstart({BlockCompare});
t.5tart(ept_data.Address);
if (device[ept_data.Address].Repititions == @)
Thread u = new Thread(new ParameterizedThreadStart{Display_Block_In});
u.5tart(BlockCount);
else if (BlockTransferInfinite | device[ept_data.Address].ContinuosCountTest)
if ((BlockCount % 188) == @)
{
Thread u = new Thread{new ParameterizedThreadStart(Display_Block In});
u.Start(BlockCount);
¥
}
h

For our example project, the Receive_Block_In() function writes the Transfer block
received to a text block. The receive callback method is complex, however, Earth
People Technology has created several projects which implement callbacks. Any part of
these sample projects can copied and pasted into a user’s project.

24411  Assembling, Building, and Executing a .NET
Project on the PC

The Active Host Application DLL is used to build a custom standalone executable on
the PC that can perform Triggers and Transfer data to/from the DSO 100M. A
standalone project can be range from a simple program to display and send data from
the user to/from the Arduino Due. Or it can more complex to include receiving data,
processing it, and start or end a process on the Arduino. This section will outline the
procedures to take an example project and Assemble it, Build it, and Execute it.

This guide will focus on writing a Windows Forms application using the C# language
for the Microsoft Visual Studio with .NET Framework. This is due to the idea that
beginners can write effective Windows applications with the C# .NET Framework.
They can focus on a subset of the language which is very similar to the C language.
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Anything that deviates from the subset of the C language, presented as in the Arduino
implication (such as events and controls), will be explained as the explanation
progresses. Any language can be used with the Active Host Application DLL.

244.111.1 Creating a Project
Once the application is installed, open it up. Click on File->New Project.

L8] Microsoft Visual C# 2010 Express
—A

File | Edit View Debug Tools Window Help

1 NewProject.. CulsShifteN [ | 1~ 30 ol g -
&1 Open Project... Ctrl+Shift+0
[ OpenFile.. Ctri+0
Close
Close Solution
il Save Selected Items Ctrl+S
Save Selected ltems As...
@ SsaveAll Ctrl+Shift+S.

Export Template.

) Page Setup...

4 Print... CtrleP
Recent Files v
Recent Projects and Solutions »

Exit Alt-F4

FIEEIRAL

At the New Project window, select the Windows Forms Application. Then, at the
Name: box, type in EPT_Transfer_Demo

S oo
- [ T—

| wor appiica

cle Application

&
|
)
o
=

The project creation is complete.
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Fle ESt View Proect Debug Dats Tock Windom Help
S0 b | oo

- | project rae
The name of thefile contai

ining buikd
coniquration, and cther nformation sbout ..

Save the project, go to File->Save as, browse to a folder to create EPT_Transfer_Demo
folder. The default location is c:\Users\<Users Name>\documents\visual studio
2010\Projects.

18] Project Location

| « Earth People Technology » EPT_Transfer Test » EPT_Transfer Test

Organize = Newfolder E- @
b i ActiveHost 1006 ~ Name ’ Date modified Type
i ActiveHost 1007
i Boards No items match your search.

b
3

b L EPT_570_AP_Active Transfer
b Ji EPT_ST0_AP_Data_Collector
b i EPT_FT201X Interface

b L EPT_FT2232 Interface
b
b
3
.

|

I EPT_FT2232H_ITAG
|\ EPT_FT2232H_SVF_Programmer
|\ EPT_FT2232H_USBTransfer
|| EPT Transfer Test
|, EPT Transfer Test
1. HSP_FT2232H_FPGA
b i HSP_FT2232H P

il i | v

Folder. EPT_Transfer_Test

S

244.1.111.1.1 Setting up the C# Express Environment x64 bit

The project environment must be set up correctly in order to produce an application that
runs correctly on the target platform. If your system supports 64 bit operation, perform
the following steps
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Debug Data | Tools | Window Help

S| % 2|9 - ® | T Connectto Database... ~| | # | EPT_570_AP_Data_Collectar  -| | =3

P & ol | T o | sn B || B Code Snippets Manager.. ek, Cerl+B =
PP < tion Explorer _—y Choose Toolbox ltems.
Al | 55 El  Exdension Manager...
29 Solution 'EPT_Transfer_Test' (1 project) External Tools..
+ [EE Tt Settings ’ Basic Settings
& [z Properties
» [l References e V| Expert Settings
b [E] Forml.cs Options... Reset...
&) Program.cs
Import and Export Settings..

Go to Tools->Options, locate the “Show all settings” check box. Check the box.

| | 4 Environment Recent files
Gepenl @ items shown in Window menu
Fonts and Colers
Keyboard 10 items shown in recently used lists
» Text Editor
» 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.

hou status bar
Close button affects active tool window only
[] Auto Hide button affects active tool windew only

Restore File Associations

o

In the window on the left, go to “Projects and Solutions”. Locate the “Show advanced
build configurations” check box. Check the box.
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Options ] [2] =]

 Environment Projects location:
4 Projects and Solutions « studio jects E]
General
Suild and Run User project templates location:
'+ Text Editor o studio 2010\Templ iectTemp [ o |
- Debugging User item templates location:
b Database Tools c d studio 2010\ Temp Templat E]
» Text Templating
» Windows Forms Designer 7] Always show Error List i build finishes with errors

Trackd - slutian Explorer
‘Always SREWESTITS
] Save new projects when created

[/] Warn user when the project location is not trusted
[] Show Qutput window when build starts

Prompt for symbolic renaming when renaming files

Go to Build->Configuration Manager.
" ESIEE

File Edit View Project @ Build \ Debug Data Tools Window Help
D=5 @ | 4 5 Build Solution b -| |86 B
af ‘ [EREE | ‘ o Rebuild Selution ’

[ Publish EPT Transfer Test

Configuration Manager...

2=
[ Selutien 'EPT_Transfer_Test' (1 project] o Forml
4 @ EPT _Transfer_Test
[ Properties
|» (s References
> [E] Forml.cs
] Program.cs

0 i

S32uNC

In the Configuration Manager window, locate the “Active solution platform:” label,
select “New” from the drop down box.
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Configuration Ma

|| Active solution cenfiguration:

Active solution platform:
Debug

Project contexts (check the project configurations to build or depp:

Configuration <Edit..>
EPT_Trensfer_Test Debug [=] =6 =

Project

In the New Solution Platform window, click on the drop down box under “Type or
select the new platform:”. Select “x64”.

e AL —
Cmﬁijmhnn Manager ?| = |
Active solution configuration: Active solution platform:
[Debug -] [6 |
Project contexts (check the project configurations to build or deploy):
Project Hew sotaton Pletiorn DN =Gz Buiid
EPT_Transfer_Test =]

Type or select the new platform:

[zl

Any CPU
ITtanium

Create new project platforms.

s

|

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

Active solution configuration: Active solution platform®

e f o \ 8

Project contexts (check the project configurations to build ur\dep\oy):

Project Configuration Platform Build
EPT_Transfer_Test Release [ =] =

Close

Also, select “Release” under “Active solution configuration”. 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.

EPT_Transfer_Test -

File Edit View Project Build Debug Data Tools Window Help
P S @ K a9 - - 2| b [Release | 2
AN N R =R - e A - e R

P s-roton Exlorer R ——
7 B .
[ Solution 'EPT_Transfer_Test' (1 project) [ 55 Forml (=@ =]
4 [ EPT Transfer Test! A
[ Propetties | [ Build
» [l References Rebuild

b EFfomles | (& pypish.
2 Program.cs

L

Add »
Add Reference...
Add Service Reference...

Set as StartUp Project

Debug >
% Ccut CrrieX
B Paste Ctrl+V
X Remove Del

Rename e
2 Properties Alt+Enter

Verify that the “Platform:” label has “Active (x64)” selected from the drop down box.
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Fie Ede View Project Buid Debug Dta Took Window Help

R ™

M . 3 e Transter Test

Rl = oF )

Applcation . =
Configuration: | Active (Release) =l
Buid -
Geneaal

-1 | £97_570_4P _Data_Collector

B Events
P Canditionsl compiation symbol
Define DEBUG constant

Resources

41 Define TRACE constant
S Allow unsefe code
Refesence Paths 7 Optemize code
Sqning Erors snd wamings
Securty Warning leve: 4 =
Pubiich

Next, unsafe code needs to be allowed so that C# can be passed pointer values from the
Active Host. Click on the Build tab and locate the “Allow unsafe code” check box.

Check the box
Data_Collector ¢ ElanURirht A Forml.Designer.cs Forml.cs
Application
General
Build
Conditional compilation symbols:
Build Events [ Define DEBUG constant
Debug Define TRACE constant
Resources Allow unsafe code
Settings Optimize code
Errors and warnings
Reference Paths
T Warning level: 4
Security Suppress warnings:
Publish Treat warnings as errors
@ MNone
oAl

Click on the Save All button on the tool bar. The project environment is now setup and
ready for the project files. Close the Project.

244.211.2 Assembling Files into the Project
The

following is an example for demonstration purposes only. Create the fictional
EPT_Transfer_Demo project

Page

126



EARTHRPEOPLE

TECHNOLOGY

DSO Development System User Manual

-

P |
).« Eatth People Technology » EPT USB-CPLD Development System CD » Projects_ActiveHost 646it » EPT Transfer Test » EPT_Transfer Test » v
Orgenize *  Includeinlibrary »  Sharewith v Bum  Newfolder
4 )\ EPT USB-CPLD Development System D < Neme - Dete modified T size
> ), Arduino IDE
)i bin 3220131129 PM  File folder
J. Documentation
Ui obj 32/20131129PM  File folder
> i Drivers
1. Properties 20131120PM  File folder
5 L Projects ActiveHost 228t
&) active transfer sh.cs 322131128 PM  Visual C Source . 718
4 )L Projects ActiveHost S4Bit
GEPT_Transter Test.csproj 131128 PM  Visual C# Projectt. 5kB
> )i ActiveHost 1005 Ly
5 EPT_Transfer_Test.csprojuser M3111PM  Visual Studio Proju. 1K8
> )i EPT_Data_Collector
&) Form.cs 27/20131136 PM  Visual G Source fu. 198
4 ). EPT_Transfer Test
) FormL Designer.cs 2/7/20131136 M Visual G Source . 36K8
a )} EPT Transfer_Test J
L B FormLresx J4/D13905PM  NET Managed Re. 6e
S - @) Program.cs. 2/7/20131134PM  Visual C# Source . 1¢8
5 ob
)\ Properties
> )i EPTActiveHostConsoleClient
» . Projects_Arduino
> Projects HOL
1\ Quatus Programmer -
" 10 items State: 2 Shared

244.2.1——Add Files to Project

**x% ***k

| H$EPT_FT2232 Interface.EPT_FT2232 Interface
Susing System;
using System.Drawing;
using System.Collections;

using System.Windows.Forms;
using System.Data;

using System.Threading;

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

1

SinamespacefEPT_FT2232_Interface
2
public partial :lass System.Windows .Forms
{

‘ {

=]

‘ 3

E\| public FT2232 Interface

{
InitializeComponent();
for (int i = @; i < device.Length; ++i)
{
}

device[i] = new Transfer();

name>—l-oad
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244.2.1——Add Files to Project
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244.2.1——Add Files to Project

Open the EPT_Transfer_Demo project. Right click on the project in the Solutions
Explorer. Select Add->Existing Item.

L#] EPT Transfer_Test -

File Edit View Project Build Debug Data Teols Window Help

RSl 4 a9 -0 -8-5]p [Rees ~| |64 -|| % [epT 57t
N I N Y =R e G v = g e R
%l solution Explorer = 1l Formi.cs [Design]
=eE

5 Selution 'EPT_Transfer_Test' (1 project) ( ol Forml =

Y - ] EPT_Transfer .
» [l Properties =

o (i3l References Rebuild
> [ElFormles | @ publish..
<4 Program.c

Build

B Add | Mewem.. Ctrl+Shift+A

Add Reference... [ Existing ltem.. Shift+Alt+A
Add Service Reference... i MNew Folder
Set as StartUp Project 5 Windows Form...
Debug * | ' userControl..

4 cut Chrlex 4% Class.. Shift+Alt+C

B Paste CtrleV F

X Remove Del
Rename

Praperties Alt+Enter

Browse to the EPT_Transfer_Demo project folder and select the active_transfer_xx.cs
file (choose either the 32 bit or 64 bit version, depending on whether your OS is 32 or
64 bit). Click Add.

=faﬁk;v.mpmjeam-.gm1ooswmuu;
Pl S s 2B 9 - - b | toonrip

Dehoemn =2

F il Soition Explorer > 3 x
an i |
" -3 Solution 'EPT_Transfer_Test' (1 project)
4 () EPT Transfer Test <« EPT_Transfer_Test » EPT_Transfer_Test »
S Properties
< References Organize v New folder

4 [ Formlcs

‘%) Form1.Designer.cs 1 [ Microsoft Visual C= 2010 Express
A Forml.rex = Projects
@) Program.cs o
¢ Favorites Properties
c B Desktop " (%) active transfer.cs

- (8 & Downloads ) Forml.cs

of| 33 Dropbox %) Formi Designer.cs
anfi) % Recent Places 54 Forml.resx

) Program.cs

i

=3 Solution Explorer 23S

U

74 Libraries

«& Homegroup

© 34Enors | _f\ 0 Warnings | (i) 0 Messages
Description

@1 The name ‘m_hPort’ does not exist in the current File name: active transfer.cs Visual C= Files (*.cs"res"setti ~.

% Computer

@ 2 The name 'fContinue’ does not exist in the curres
[ Ak |+ Cancel
@ 3 The name 'FT_Close' does not exist in the current
@ 4 The name ‘m_hPort’ does not exist in the current
@ 5 The name ‘m_hPort’ does not exist in the current context Forml.cs EPT_Transfer Test - ff The name of the
B F its file containing b...

4 Error List

In the C# Express Solution Explorer, you should be able to browse the files by clicking
on them. There should be no errors noted in the Error List box.
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4] EPT Transfer_Test - Mic E=mroy
File Edit View Project Debug Data Tools Window Help

G @8 DB - b [ Bleome | DE ok BIE

@ ha B[S 2.

p Forml.Designer.cs X

g [ElEEls]=] JSEPT_Transfer Test EPT_Transfer Test [ components 3
g P

-4 Solution 'EPT_Transfer_Test' (1 project) inamespace EPT_Transfer_Test E3 Gy | ‘J

4 (G EPT _Transfer Test -

. 54 Properties partial class EPT_Transfer Test =

<summary>

, G References
-1 Required designer variable

rml.Designer.cs private System.ComponentModel.IContainer components = null;
) Formlresx
] Program.cs

any resources being used

<param name="disposing”>true if managed resources should be disposed; other
protected override void Dispose(bool disposing)

if (disposing && (components != null))

ar components. Dispose();

=3 Solution Explorer W% v 4 .

Q 0Ermors | 1\ 2Wamings | (i) 0 Messages

Description Fle Line Column  Project

[ Error List [I=3

244.2.2211.2.2  Adding Controls to the Project

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 user events and the timer event. 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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i

ENE T I AR N T | = 3

e ‘ e 20¢ 002 b

eI

FormiL.cs [Design] X [EECRCINEEe

- Solution 'EPT_Transfer_Test' (L project]
4 [ EPT _Transfer Test

» [ Properties

» [ References
active_transfer.cs

g aseqeieq

Forml.cs
%) Forml.Designer.cs
) Forml.resx

) Program.cs

<
5] Solution Explorer

Error List

Q@ 0Errors | fy2Warnings | (i) 0 Messages

Description

EYEIEY = Find Results

Ready

o5 Active Host

Transfer Single Byte

Send Byte 255
Receive Byte

& timerUse

(“LoopBeck ]

Address 2

File

Line *

Toolbox
» All Windows Forms

4 Common Controls
Kk Pointer

Button
CheckBox
CheckedListBox

T ComboBox
T DateTimePicker
A Label
A LinkLabel
8 ListBox
ListView
[l MaskedTextBox
[E  MonthCalendar
= Notifylcon
[f3  NumericUpDown
@& PictureBox
@0 ProgressBar
L~ "
Column  Project

I

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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=
28] EPT Transfer Test - Microsoft Visual C3 Expres =TET=
File Edit View Project Debug Data Format Tools Window Help
fglol CHd| a0 |b B, IS pIE
e e s A EE1EER
8 Solution Explorer ~ 1 X Forml.cs o signer.cs T M -ctive transfer.cs ~ Toolbox ~ 1 X
g FEEalE | ¢ All Windows Forms -
Ml (3 solution ‘EPT_Transfer_Test' 1 projectil || sl Active Host CemponiGontok
k- (%] EPT_Transfer_Test R Pointer £
= >[4 Properties L Button
3 » [ References hd CheckBox 4
5] active transfer.cs ) Descrption EY CheckedListBox
4 [ Forml.cs 1 = combobox
‘%) Forml.Designer.cs
) Formi resx T DateTimePicker
) Programcs Transfer Single Byte Transfer Mukiple Bytes A Label
A LinkLabel
EY  ListBox
SendByte 255 Addess 2 ListView
Receive Byte [m]  MaskedTextBox
[E  MonthCalendar
= Netifylcon
& timerlse {2 NumericUpDown
&l PictureBox
Nl il ]
T — @ ProgressBar
3] Solution Explorer 204 A I -
Error List X
@ 0Erors | j\ 2Warmings | (i) 0 Messages
Description Fle Line” Column  Project

5 Error List [T

Ready

Go to the Properties box and locate the (Name) cell. Change the name to
“ptnOpenDevice”. Locate the Text cell, and change the name to Open.
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Lc#| EPT Transfer Test - Mic
File Edit View Project Debug Data Format Tools Window Help

A ] —

(e 105 Ol @
B R

Solution Explorer ~ 1 X Forml.cs* o g Forml.cs [Design]” X [RSRIEHE R
» All Windows Forms

-7 Solution 'EPT_Transfer_Test (1 project) 4 Comman Controls

4 (] EPT_Transfer_Test
» [ Properties
» [ References
[=] active_transfer.cs
) Forml.Designer.cs
%] FormlLresx
] Program.cs

Pointer

Button
CheckBox
CheckedListBox

ComboBox

seroda sseamiea e [

DateTimePicker

Transfer Single Byte Transfer Mutiple Bytes Label
LinkLabel

ListBox

SendBye 255 Addess 2 32 Listiiew
Recsive Bite MaskedTextBox
MonthCalendar
Mtifylcon

NumnericUpDown

ErrAddBlEE®>

% timerlUse
PictureBox

ProgressBar

p B Bl B L 7 [

3] Solution Explorer [ @R
Error List
@ OErors | _f\2Warnings | (i) 0 Messages

Description Column  Project

3 Eror List SR
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 €)

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.

if
// btnOpenDevice

1y

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

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

this.btnOpenDevice.Text = "Open”;

this.btnOpenDevice.UseVisualStyleBackColor = true;

this.btnOpenDevice.Click += new System.Even:kandLEP(thib.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

Page
133




A EARTHPEOPLE

TECHNOLOGY

DSO Development System User Manual

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 veid btnOpenDevice_Click({cbject sender, Eventirgs e)

{
//Open the Device
OpenDevice();
¥
private woid btnCleseDevice Click(ebject sender, Eventirgs e)
1
if (EPT_AH CloseDeviceByIndex(device_index) != @)

1
btnBlkCompares.Enabled = false;

btnBlkComparelé.Enabled = false;

btnTriggerl.Enabled = false;
btnTrigger2.Enabled = false;
btnTrigger3.Enabled = false;
btnTriggerd4.Enabled = false;
btnLEDReset.Enabled = false;

}
btnOpenDevice.Enabled = true;
btnCloseDevice.Enabled = false;

}

When btnOpenDevice_Click is called, it calls the function “OpenDevice()”. This
function is defined in the dil 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-FPGA
Development System.

244.2.2311.2.3 Adding the DLL’s to the Project
Locate the EPT FPGA Development System DVD 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:

o ActiveHostXX.dll

o ftd2xxXX.dll
and install them in the bin\x64\x64 folder of your EPT_Transfer_Demo project.

Page

134


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

EARTHRPEOPLE

TECHNOLOGY

DSO Development System User Manual

G\ J=[ )« EPT USB-CPLD Development System CO » Projects ActiveHost 648t » EPT Transfer Test » £PT Tramser Test » bin b 264 » Relesse -
Organize v (@7 Openwith..  Sharewith v Bum  New folder
Arduine_IDE ‘g MName s

Documentation

% ActiveHostsd.dil

W7 EPT_Transfes_Test.exe

&) EPT _Transfer_Testpdb

™7 EPT_Transfes_Testvshost.exe

L] EPT_Transfes_Testushost.eve manifest
o, Mel2add.dil

Drivers
Projects_Activeost 328
Projects_Activebost 548
ActiveHost 1005
EPT_Data_ Collector
EPT_Transfer_Test
EPT Transfer_Test
bin
Debug
Relesse
4

Debug
Release
obj
Properties
3 2temsscieced e B Sharea - mu pred it Homegroup
S Dete modified: 1/18/2013 384 PM - 3/2...Date crested: 3/2(2013 11:20 PM

Save the project.

244.2.2411.2.4 _ Building the Project

Building the EPT_Transfer_Demo project will compile the code in the project and
produce an executable file. To build the project, go to Debug->Build Solution.

(L] EPT_Transter_Test - Micn
File Edit View Project | Debug | Data Tools Window Help
Pl Z i | 8 P start Debugging Fs ]| A e BB

P10 R ar 2| = & BuildSolution F6
sz
#5 Solution Explorer E Steplnto F11 b R
B = (= stepOwe F10 >
| 2@ EE & S EPT_Transfer_Test [ 3% btnClose_Click(object sender, System Eventan <Jf  0=n=r®!
[l [-J solution ‘EPT_Trar Toggle Breakpoint e lock Transfer Control =
foll « 0 EPT Transfer Windows » Hc bool BlockTransferInfinite = false;
vri » [ Properties = ic bool BlockTransferReps = falsej
g > [ References| Clear All DataTips dc bool BlockTransferStop = false;
3 | Export DataTips ...
Bl active trn " s ate void btnOpen Click(object sender, System.tventargs e) ||
4 EFomlcs Import DataTips . -
) :
8 Forml | s and Settings. Open_Selected Device();
) FormL...

@ Program.cs

private void btnClose_Click(object sender, System.cventargs e)
¢

if (m_hPort 1- @) .
FContinue = false; s

// it will stop in x seconds - not sure if this is proper
Thread.Sleep(800);

FT_Close (m_hPort);

m_hPort = 0;

raduumber. Checked = true;
W0% v« i »

] solution Explorer X8

Error List
@ 0Errors | _f\ 2Wamings | (i) 0 Messages

Description File Line Column  Project

[EYETE] = Find Results

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”.
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Find Results

FAECEYRAL

[CRIEAEY S Find Results

Build succeeded

12 FPGA DSO 100M Verilog Description

At this point, the following has been accomplished:

Description of the DSO 100M hardware

Instructions on loading the drivers for the DSO 100M

Instructions for loading the Quartus Prime and JTAG *.dll

Instructions on how to create a Quartus project

Instructions for loading the Visual Studio Express

Description of the FPGA EndTerm interface

Description of the PC Active Host interface

Instructions on how to create a C# Windows Form

So, now a description of the FPGA code for the DSO 100M can be given. This code

description is meant to be thorough, however, it cannot cover every detail of the code. If

any guestions arise that cannot be determined from code and comments. Please send an

email for assistance on the EPT support email:

support@earthpeopletechnology.com

The FPGA code bhase for the DSO 100M is quite large and comprises several sections.
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BLOCK DIAGRAM VIEW OF UNOPROLYZER TO FPGA

UNOPROLYZER
APPLICATION

UNOPROLYZER SENDS COMMANDS
14

FPGA LIBRARY

FPGA SENDS DATA

N

:

V-

1

A VIORY
) -

A 0 oL
v

A 5P
A j2C™
v

N DC D/

i

V-

The following sections of this document will attempt to explain the details of the code.

However, a thorough examination of the code will be necessary to come to a complete

understanding of the code. Also, there are several testbenches with fully simulated code

to help the user. The following components make up the DSO 100M Code Base:

e Host Interface Component

e ADC Sample Storage Component

e Data Transmit Component

These components depend on the Active Transfer Library (and conversely on the Active

Host dIl) to communicate, initiate functions, start ADC sampling and transmit data.

All source files, compiled projects, testbenches, test models are included on the EPT

Project DVD. Locate the Projects HDL folder on the DVD for the project.
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Home  Share  View

« v 4 | « LocalDisk(C) » Jolly > Products » EarthPeople Technology » DSO_100M_DEV_SYS_PROJECT 28 DVD » Projects HDL > EPT.ACES_AF_DSO_100M > v d
> Drivers * Name - Date modified Type Size
7 Projects_ActiveHost Altera 6/24/2019 7:38 PM File Tolder
v Projects HDL EPT_4CE6_AF_D1_Top 6/24/2019 7:32 PM File folder
v | | EPT_4CE6_AF_DSO_100M ModelSim 6/24/2019 7:38 PM File folder
Atera sim 6/24/2019 7:38 PM File folder
» ] EPTACEGAF DI Top src 6/24/20197:38 PM File folder
s T Modetsim test 6/24/2019 7:33 PM File folder
Testbench 6/24/20197:38 PM File folder

Titems

12.1Verilog Top Level Description

The top level of the FPGA code is made up of several modules. Each of these modules
are connected to the top level through Leif instantiations. This user manual will use
block diagrams, source code, pseudo code and timing diagrams to explain the operation
of the code. Below is a simplified abstraction of the top level. The Verilog code is based
on a command/response scheme. The PC application sends commands to the FPGA and
the FGPA responds with status or data. Both the PC and FPGA code use the EndTerms
to send and receive commands and data. The use of EndTerms allows a simple
communication system but has a lot of flexibility to add new functions quickly.

VERILOG MODULES FOR THE HOST INTERFACE OF THE DSO 100M BOARD

ACTIVE | LATOH A TATCH
H TR —
TRIGGER E QUTPUT ENABLE
H
ACTIVE
4 |CONTROL c
EPT-4CE6-TOP
BUS.
e NTROL REGISTER NUMBER
TRANSFER 3 |CONTROL REGISTER NU/ SPISTART
12C 1 START
12C 2 START
ACTIVE
TRANSFER2 | para
WQRITE 5 E
ACTIVE MEMORY READ 3 3
1 ADDRES; ¥ &
I MEMORY DAT. S 9
al o
UC CONTROLLER Pl 2c1 2c2 ACTIVE BLOCK
MEMORY
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12.2 Host Interface Description

The PC communicates with the FPGA code using one of the following three methods:
e Host Memory Read/Writes

e Host Control Register Read/Writes
e Block data Read (ADC data)

FPGA CODE

ACTIVE TRANSFER TRIGGER IN HOST INTERFACE ADC SAMPLE DATA TRANSMIT
LIBRARY TRIGGER OUT COMPONENT = STORAGE CCOMPONENT
] component ™
A I\
uss TRANSFER IN
INTERFACE \r BEDATABUS % TRANSFER OUT

|«
= —o!
BLOCKIN
BLOCK OUT —

The above block diagram shows the Host Interface Component and the ADC storage
registers only. The PC will initiate the Host Read/Write and the Host Control Register
Read/Write communications. This means the FPGA code does not send data to the PC
unless the PC commands it to. The ADC data is transmitted only when commanded to
by the PC.

HOST INTERFACE STATE MACHINE

HIHOST_RO_LATCH)
' HOST_RD_C

OMPLETE

If(HOST_WR_LATCH)

HOST_WR_
ADDRESS
HOST_WR_
DATA

If(HOST_OUTPUT_EN)

HOST_RD_O
UTPUT_EN

The above diagram shows the Host Interface Component State Machine

If{IHOST_WR_LATCH)
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12.2.1 Host Interface Memory
PC TO MEMORY CONTROLLER INTERFACE

UNOPROLYZER
APPLICATION

UBRARY

A I\
S8 COMMUNEATIONS PATH
s 14
WOCK 1N
sLocx ouT

ACTIVE TRIGGER IN
s ]| fussonssoons JAENTO

MEMORY WRITE CYCLE MEMORY READ CYCLE
ACTIVE TRANSFER 1 ‘T ’» T
VALID VALID UC CONTROLLER
ACTIVE TRANSFER 2
DATA
aw >
o NRITE LATCH [

READ LATCH [

OUTPUT ENABLE
12.2.2 Host Interface Control Register
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PCTO CONTROL REGISTER INTERFACE

UNOPROLYZER
APPLICATION

FPGA CODE

AcvE THGGTA ™
TRANSFER "{ ThGGIR OUT Apoerss C
s conTROL ReGisTER
USB COMMUNICATIONS PATH :> _ epmtid B
ook
00T
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CONTROL REGISTER STATE MACHINE

H(ITRANSFER_4_RECEIVED) If(TRANSFER_3_RECEIVED)

CR NUMBER
RECIEVED

LATCH CR
CONTENTS

LATCH CR
NUMBER

If{TRANSFER_4_RECEIVED)

ACTVETRANSFER3 | CONTROL
REGISTER
NUMBER

VALID

VALID

TRANSFER_3_RECEIVED

TRANSFER_3_START

-

ACTIVE TRANSFER 4 CONTROL
REGISTER

CONTENTS VALID

VALID
TRANSFER_4_RECEIVED

TRANSFER_4_START
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12.2.3 Memory Controller
MEMORY CONTROLLER STATE MACHINE

fIMEMORY_WR_LATCH)

(MEMORY_RD_LATCH)

MEM_WR_A
DDRESS

IH{MEMORY_OUTPUT_ENABLE)

I{IMEMORY_WR_LATCH)

MEM_RD_A
DDRESS

MEM_WR_A
DATA

MEM_RD_O
UTPUT_EN

TIMING DIAGRAM FOR THE UC CONTROLLER

MEMORY WRITE CYCLE MEMORY READ CYCLE
ACTIVE TRANSFER 1 T " T
VALID VALID

ACTIVE TRANSFER 2

DATA

VALID VALID
WRITE LATCH
ACTIVE TRIGGER
READ LATCH
OUTPUT ENABLE
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12.312C Communications Interface

12C COMMUNICATIONS PATH

FPGA CODE
UC CONTROLLER
EPT 4CE6 12C -~ MEMORY ADDRESS
TOP LEVEL +% COMMS
INTERFACE fo—s| MEMORY DATA
12¢€
INTERFACE Lol

[

12C COMMS INTERFACE WILL
READ FROM LOCAL MEMORY
THEN SEND DATA VIA 12C BUS.
IT WILL ALSO RECEIVE DATA
e 0x02 FROM 12C BUS AND STORE IN
e 0x03 LOCAL MEM

P, - / "A_S

12C COMMS INTERFACE
STARTS THE 12C READ OR
WRITE CYCLE FROM
CONTROL REGISTER

/

12C
BUS
SIGNALS
TO/FROM
FPGA
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12C WRITE CYCLE

12c
VALID

COMMUNICATIONS | ADDRESS
VALID

DATA
VALID VALID

12C READ CYCLE “‘ ‘1 ‘>

WRITE LATCH

UC CONTROLLER

OUTPUT ENABLE

READ LATCH

DSO Development System User Manual

12C START m m EPT-4CE6-TOP
]—(ZC COMMAND; VALID VALID
LU et COLEUE e
12.4 SPI Communications
SPI READ CYCLE (SLAVE TO HOST) SPI WRITE CYCLE (HOST TO SLAVE)
“; “» “ UC CONTROLLER
SP1
COMMUNICATIONS | ADDRESS
VALID VALID
DATA
VALID VALID

WRITE LATCH

OUTPUT ENABLE

READ LATCH

EPT-4CE6-TOP

SPI START [

SPI COMMAND VALID VALID

LU

SPISCLK LLLLLLL Ll

LI

SPICS

SPIMOSI 1
SPIMISO [aigim!
L it
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12.5ADC Storage Description

ACTIVE
TRANSFER
LIBRARY

e "

MULTIPLEXOR

| adc_convst_block_count |

8 £ B g
g '% g 5
H H 4 g
H H H H
e e 2 e
B B . .
| ADC_BUS_CH1 ] | ADC_BUS_CH2 | | ADC_BUS_CH3 | | ADC_BUS_CH4 ‘
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[Formatted: Normal

FPGA ADC_CH1
ADC_ENCOOE CH2

AR ARC O, MU U UL L L LU L o comerts Avsiop st CHY

.
5

Wt for W Do e Mg Sg of
e Snor) A0C_ENCODE
¥

S0 I the mermory deriy ADC 8 BT DATA
*  GoTo OOK FOR MAX A
AL

* Wesstas pd

UPDATE OHANNEL SELECT N

. mmmm Q ]

READ OUT CONTROL ADC STORAGE FSM

Iimem_scray_storsge.index >
MAX_SAMPLES]

Wiade_conwst._block_count
ADC_MAX_BL0CK_COUNT)
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ADC SAMPLE STORAGE STATE MACHINE FOR THE OSCILLOSCOPE BOARD

P

values for

e PutData into s selected_channed
mem_array at
mem_array_index « 1

IOWI

*
o Mivelected_channel == 430000
o selected_channel = {adc_channel_&_adc_channel 1)

o INmem_array_index > MAX_SAMPLES)
*  Go to state{TRANSFLR TO HOST]

|-auwwnmsmm

IT

12.6 ADC Conversion Encode Clock

The ADC _ENCODE signal is produced by a counter that counts from 0 to
adc_convst_delay value.
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always @ (posedge CLE 260 or negedge RST)
begin
if (IR5T)
begin
ADC _ENCODE <= L'h0;
adc_convst_cmd count <= 0

end
else
begin
if (adc_convst_cmd count < adc convst_delay wvalue)
begin
adc convst_cmd count <= adc convst_cmd count + 1'dl;
end
else
begin
ADC ENCODE <= !ADC ENCODE;
adc_convst_cmd count <= 07
end
end
end

12.7 ADC Conversion Start

The ADC conversion command will start the conversion of each of the four ADC’s.
The command is first set up by the first bit of the adc_control _req, then the fourth bit of
the trigger in byte is used to set the adc_convst_cmd. To reset the adc_convst cmd, the
fourth bit of adc_control_req is set high. The host will write to the control register and
set the first bit high. Then the trigger in byte fourth bit is set from the host.
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S
/f ADC conversion start command from adc_control_reg[0]
/{ Single conversion or repeated conversion are determined
S
always @ (posedge CLE 400 or negedge RS5T)
begin
if ('RST)
begin
/fBDC_ENCODE <= 1'b0;
adc_convst_cmd <= 1'b0;
adc_convst_cmd reg <= .
ffadc_convst cmd count <
adc convst_klock count <= O

//adc_cnvst_reg <= 2'b00;

end
else
begin
if(trigger_in byte[3Z] & adc_control reg[l] & ladc convst_cmd reg)
begin
adc_convst_cmd <= 1'bl;
adc_convst_cmd_reg <= 1'bl;
ffadc_cnvst_reg <= 2'bL00;
end
else if(adc control reg[2] & adc convst_cmd reg)
begin
ade convst cmd <= 1'L0;
adc_convst_cmd reg <= 1'L0;
/f/adc_cnvst_reg <= 2'b00;

end
else if(adc convst_cmd reg)
begin
if (state[UPDATE BLOCK COUNT])
begin
if(adc_convst_klock count < ADC MAX BLOCK COUNT)
begin
ade_convst_block count <= adc_convst_block count + 17dl;

end [ Formatted: Normal

f/felse
//adc_cnvst_reg <= 2'bll;
end
else if(state[TRANSFER TC HOST])
begin
adc_convst_cmd <= _'!
adc_convst_block count <= 0]
//adc_cnvst_reg <= 2'b00;
adc_convst_cmd reg <= 1'L
end

end
end
end
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12.8DS0 Main Clock

-
// Instantiate the DSO Main Clock
f—_—

DSC_Main Clk DSO_MAIN CLOCK INST

(

.areset {L'bO),

.inclk0 {aa[11),

.co (CLE_400),

.cl (CLE_260),

.c2 (CLE_130),

.c3 (CLE_&6),

Jdocked ()

):

12.9 Serial Clock
ff——
// Instantiate the Serial Clock
ff————
serial clock SERTAL CLOCK INST

(

.CLEK (CLE_€6) ,

.RST N (RST) ,

.SERIAL CLEK (i2c_serial clk)

) :
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12.10 Active Transfer Library

7 [Formatted: Left
// Instantiate the EPT Library
f
active_transfer library ACTIVE_TRANSFER_LIBRARY INST
{
.aa (aa),
.bc_in (bc_in),
.be_out (bc_out),
.bd_inout (bd_inocut), “
.UC_IN (UC_IN}),
.Uc_out (UC_ouT) //,
// .STATE_OUT [f£245_ test_state out),
;",-".TEST_OUT (active_transfer test_out)

Vi

13 Compiling, Svnthesizing, and Programming FPGA

AITERAY

QUARTUS®II

The FPGA on the DSO 100M can be programmed with the Active Transfer Library and

custom HDL code created by the user. Programming the FPGA requires the use of the
Quartus Prime software and a standard USB cable. There are no extra parts to buy, just
plug in the USB cable. Once the user HDL code is written according to the syntax rules
of the language (Verilog and VHDL) it can be compiled and synthesized using the
Quartus Prime software. This manual will not focus on HDL coding or proper coding
techniques, instead it will use the example code to compile, synthesize and program the
FPGA.

13.1Setting up the Project and Compiling
Once the HDL code (Verilog or VHDL) is written and verified using a simulator, a
project can be created using Quartus Prime. Writing the HDL code and simulating it
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will be covered in later sections. Bring up Quartus Prime, then use Windows Explorer
to browse to c:/altera/xxx/quartus/qdesigns create a new directory called:
“EPT_Transfer Demo”.

99.‘: » Computer » Go

s siters » 123pl b quetus b odesgns
- = -
{ Organce > 4 Open  Incudeinfibary > Shacewith > Bum  Newlolder
I bin + Neme -
b EPT_Transter_Test
L commen s
b incr_comp_makefile
b drvers F
L vhdlvesilog_tutorial

b etibss2
4 Wbrares
b ik
) adesgns
). EPT_Transfer Test
i i fiver
4 inc_comp.makeile:
b vhdl vesleg tutoral
b sope_buides
8 shens inspectorlogip

@
’ EPT_Transfer_Test Date modifieck 3/13/2013852 P

Fiefeldes

mammwwmramm
DEHG & B oo 2
TrORYYREVOEEY Y P 2

Project Nawgetor o8x

Take an »
Ridamadll Online Training X,

& compl <hy
= ‘ Class for Free

Learn What's New
Tabe fre

[NETERA,

By

e QUARTUS 11

eax .

Messages

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 T 32-bit -

Fle | Edt View Project Assignments Processing Tools Window Help &

(O mew... i+
| & open.. ctl+0
Clase Crl+re

2] New Project Wizard...

& OpenFroject... Ccul+
Save Project
i Clase Project
B save cl+s
Save As...
& saveal Cirl+Shift+5

File Properties. ..

Create fUpdate »
Export...

Conwvert Programming Files. .
B0 Page Setup...

[&  PrintPreview
& Frint... Ctl+p

Recent Files 2

Recent Projects v

Exit Alt+F4
2/\_System /\ _Processing /\_Extra Info /\ Info /\ Warning /\ Critical Warning J\ Error /\ €

2||Location:

Starts the New Project Wizard

At the Top-Level Entity page, browse to the c:/altera/xxx/quartus/gdesigns directory to

store your project. Type inl a name for Eour Eroi'ect “EPT 4CE6_AF DI Top”.
& New Project Wizard

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

What s the working directory for this project?

Ci/altera12. 151 auartus/adesigns EPT_Transfer_Test [
What s the name of this project?

EPT_570_AP_U2 Top (o]
What s the name of the top-evel design entity for this project? This name is case sensitive and must exactly match the entity name i the design fle.
EPT_570_4P_U2_Top ==

|use Existing Project Settings. ..

[CBea ) e ) o) Lo ) [Pee )
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Select Next. At the Add Files window: Browse to the
\Projects HDL\EPT Transfer Demo \src folder of the EPT FPGA Development
System DVD. Copy the files from the \src directory.
Active block.vgm
Active transfer.vgm
Active trigger.vgm
Active transfer library.v
ft_ 245 state_machine.v
endpoint_registers.vqgm

eptWireOr.v
mem_array.v
read control_logic.v
write_control logic.v
EPT 4CE6 _AF D1 Top.v

|

T e e o © PrE

™ Seftings - EPT_S70_AP Transfer Test

| coor =
Files
Libraries elect the desin fies you want to indude n the project. i Add Al to add a design i i the project drectory to the project.
4 Operating ettngs and Conditions
Valtage File name: Ed [
Temperature
4 Compiation Process Settings Type
Early Timing Estmate EPT USB-CPLD Development System CD/Projects_HDL/EPT Transfer_Test/src/urite_control logic.v Veriog HDL Fie:
Ineremental Compiation [EPT UsS-CPLD Development System CD Projects_HDL/EPT Transfer Testistclread_control logic.v Verlog HDL Fiie Remove
Physical Synthesis Optimizations JEPT USB-CPLD Development System CD/Projects_HDL/EPT _Transfer_Test/sicjmem_array.v Verlog HOL Fie:
4 EDATool ettings fEPT UsB-ceLD _HDL/EPT Trensfer 3 Veriog HDL File [
Design Entry/Synthesis JEPT UsS-CPLD Development System CD Projects_HDL/EPT Transfer_Testisre/EPT_S70_AP_U2 Top.v Veriog HDL File
Smulaton fEPT USE-CPLD Development: System CD Projects_HDL/EPT Transfer_Test/stc/active_trigger.vam Verlog Quartus Mal | 0ovn
Formal Verifcation feeT uss-ceLo _HDL/EPT Transfer 3 ransfer_library.vam Veriog Quartus M
Board-Level JEPT USB-CPLD Development System CD/Projects_HDL/EPT Transfer_Testjsrc/active_transfer.vam Verilog Quartus Maf | Propertes
4 Analysis & Synthess Settngs JEPT USB-CPLD Development System CD/Prajects_HDL/EPT_Transfer_Test/src/active_block.vam Verlog Quartus Mal
VDL Input
Veriog HDL Tnput
DefauitParameters
Fitter Settings
TimeQuest Timing Aralyzer
Assenbler
Design Assistant
SignalTp T Logic Analyzer
Logic Analyzer Interface
|| | PonerPiay Power analyzer Settngs
SN Analyzer
I |
|
I |
« i ] 0
WBuySoftware | [ OK ][ Concel | [ Apdly ][ Heb

Select Next, at the Device Family group, select Cyclone IV for Family. In the Available
Devices group, browse down to EP4CE6E22C8 for Name.
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Family & Device Settings [page 3 of 5]

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

Device family

Family: |Cyclone IVE

h |

Target device

Other: nfa

Available devices

Devices: | Al

() Auto device selected by the Fitter

(®) Spedific device selected in 'Available devices' list

Package:

Pin count:

Name filter: ‘

Show in 'Available devices' list

Ay

oy

Speed grade: ‘Any

Show advanced devices

Mame Core Voltage User I/0s Memory Bits Embedded multiplier 9-bit elements PLL Gl ~
EP4CEGE22AT 1.2V 92 276480 30 2 10
EP4CEGE22CE 1.2V 92 276480 30 2 10
EP4CEGE22C7 1.2V 92 276480 30 2 10

6272 Jo2  lamedso |30 ST
EP4CEGE22CEL 1.0V 92 2764380 30 2 10
EP4CESE22CSL 1.0V 92 276480 30 2 10
EP4CEGE2217 1.2V 92 276480 30 2 10
EP4CEGE2218L 1.0V 92 276480 30 2 10
EP4CEGF17AT L2V 130 276480 30 2 10
EP4CEGF17C6 1.2V 130 276480 30 2 0 .,
< >
<Back | [ mext> || Fnsh || cancel || Heb

Select Next, leave defaults for the EDA Tool Settings.
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@ New Project Wizard aw (=]

-

EDA Tool Settings [page 4 of 5]
Specify the other EDA tools used with the Quartus IT software to develop your project.
EDA tools:
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synthesis | <Nane> | <tione> + | Run this tool automatically to synthesize the|
Simulation <None > 7| <Mone> = Run gate-level simulation automatically after
Formal Verification <None> -
Syvbe
signal Integrty
Sy e
|
"
"
) . ] >
<Back | [ mext> | [ Fmsh ][ caneel ][ Hep

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

.
@ New Project Wizard

(e

| | A K

Summary [page 5 of 5]
Vihen you dlick Finish, the project will be created with the following settings:
Project directory: C:/altera/12.0sp1/quartus/qdesigns
Project name: Active_Transfer_Example
Top-evel design entity: Active_Transfer_Example
Number of fles added: 7
Number of user libraries added: 0
Device assignments:

Family name: MAX IT

Devics: EPMS70T100CS
EDA tooks:

Design entry/synthesis: <None> (<None>)

Simulation: <Nene> (<Nene>)

[l
Timing analysis: 0

Operating conditions:
VCCINT voltage: 3.3

Junction temperature range: 0-85°C

[ <Back || wext> | [ Fnish J[ cancel | [ el
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Next, we will select the pins and synthesize the project.

13.1.1 Selecting Pins and Synthesizin

With the project created, we need to assign pins to the project. The signals defined in
the top level file (in this case: EPT 4CE6 AF D1 Top.v) will connect directly to pins
on the FPGA. The Pin Planner Tool from Quartus Prime 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.

File Edit View Project | Assignments | Processing Tools Window Help ]

L PP =
DB H | &G~ v (¢ ¥% @ 0 rd OB n @8 A
Project Navigator = [EEEEe THRETIRE Home x|
En TimeQuest Timing Analyzer Wizard...
[ Cydone Iv E: EPACESE220 . -
Assignment Editar Cirl-+5hift-+A

i pbd EPT_4CES_AF_D1_Toy "' L

@ Pin Planner Ctrl+5hift-+HM ing

Remove Assignments...
{% Back-Annotate Assignments...
Web vs Subscription

| Import Assignments... | . P

< Export Assignments... ﬁ Edition
= Assignment Groups...
Hi ch =| Files
Mlai % Buy Software
Tasks 3 LogicLock Regions Window Alt+L ject Wizard
’7 £ Design Partitions Window Alt+D

Flow: | C ! T T Q] Documentation

Task ~
v 4 B Compile Design Training
L & B Analysis & Synthesis !
' [ B Fitter (Place & Route)
v b B Assembier (Generate programming files. v ° Support
< > <
x
x|l 0 &l &l 8 2 om v
H|Type ID Message
o
b
i)
=\ _System /\_Processing /
Imports assignments from other sources

At the Import Assignment dialog box, Browse to the
\Projects HDL\EPT Transfer Demo \ DSO 100M_TOP folder of the EPT FPGA
Development System DVD. Select the “DSO 100M Top.gsf” file.
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Specify the source and categories of assignments to impart.
File name: ‘C:IJollyfCodE_FPGA!EPT_4CEG_AF_Transfer_DEmcIEPT_4CEG_AF_Transfer_DemolEPT_4CE6_AF_Dl_TopIEPT_‘iCEG_AF_Dl_Top‘qsf | E Categories...

Copy existing assignments into EPT_4CE6_AF_D1_Top.gsf.bak before importing

ok | cancel || nep |

Click Ok. Under Assignments, Select Pin Planner. Verify the pins have been imported
correctly.

File Edit View Project | Assignments | Processing Tools Window Help =]

DS @ Y D (¢ > $¥9%¢ 0 ro OO F

Project Navigator = | R CheriEE Home [}
En TimeQuest Timing Analyzer Wizard...
A% Cydone IvE: EP4CESER2]
- @& Assignment Editor Cirl +5hift+A
i bl EPT_acEs_AF_D1 Top = !
%4 Pin Planner culsshiftn | [ing

Remove Assignments...
f} Back-Annotate Assignments...
Import Assignments... . Web vs Sub

( Export Assignments... ﬁ Edition
T = Assignment Groups...
i =| Fil
M @ Buy Softwar
Magks LogicLock Regions Window Alt+L ject Wizard

£ Design Partitions Window Alt+D
. | compilati
o ! T T Q} Documental

Task 2
4 = Compile Design

v ) Training
¥4 [ B analysis & Synthesis i !

o i B Fitter (Place & Route)

< o Support

[» B Assembler (Generate programming files, w
< > <

; El @ |Q <<Searchs» v‘
n

Type 1D Mesz=zage

Messages

system /\_Processing /
Edits pin assignments
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The pin locations should not need to be changed for EPT USB FPGA Development
System. However, if you need to change any pin location, just click on the “location”
column for the particular node you wish to change. Then, select the new pin location
from the drop down box.
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O] x
File Edit View Processing Tools Window Help 5 :@
= [Groups L-EY s =
Namad:l * w . ;DQOQVAQG NOOVASRBIOVAROAVANOQ9000, .
Ly Node Name Direction " :e -
2| > 24 1ep[3.0] Output Group ;i 4
ol 1% SD_DATA[3..0] Input Group :g 2
= 3 “i XI0_1[7..0] Output Group = Top View %
> 24 ¥10_2[2..0] Qutput Group 8 o
| v o Input Craup 3 Wire Bond, with Exposed Pad
b 24 w10 3[7..0] Output Group 9
o p P xio 4[7.0] Output Group :2
w1 v 2 10 5[7.0] Output Group S
> P4 vin af7 Ot Gronn v .
< > -
(g | Grows | Repart .
] Tesks 1ax| s
-|
= [ 4 [ EalyPinPlaming h sy Cyclone IV E
[ Early Pin Planning. .. x
i :
¥ Run1/O Assignment Analysis 2| EPACEBE22CS
’g ] Export Pin Assignments. ., : g
H ] Pin Finder... »e
) 4 [ Highlight Pins =
o B3 1/0 Banks v
B2 x| amed: = v [ Edit: 50 o7 | |Filter: Pins: al -
io || &
23 n Node Name Direction Location 1/0 Bank VREF Group Fitter Location 1f0 Standard Reserved ~
8| |22 o Output PIN_53 E B3_ND PIN_53 2.5V (default)
24t | ep[2] Output PIN_52 E B3_ND PIN_52 2.5V (default)
o0 Lep[1] Output PIN_51 E B3_ND PIN_51 2.5V (default)
24t |Ep[n] Output PIN_50 3 B3_ND PIN_50 2.5V (default)
o4t pEsET Output PIN_55 4 B4_ND PIN_S5 2.5V (default)
24 sp_alk Output PIN_67 4 B4_ND PIN_67 2.5V (default)
o4t sp_cvp Output PIN_129 8 B8_ND PIN_129 2.5V (default)
In_ sp_DATA[3] Input PIN_66 4 B4_ND PIN_66 2,5V (default)
in
% sp DATALZ] Input PIN_65 4 B4_NO PIN_65 2.5V (default)
In_ sp_DATA[{] Input PIN_62 4 B4_ND PIN_69 2.5V (default)
", sp_pATA[O] Input PIN 68 4 B4_NO PIN_68 2.5V (default)
n_ uga Input PIN_11 1 B1_ND PIN_t1 2.5V (default)
I uBs Input PIN_54 4 B4_ND PIN_54 2.5V (default)
o ug Output PIN_58 4 B4_ND PIN_S8 2.5V (default)
2% uo Output PIN_60 4 B4_ND PIN_60 2.5V (default)
o4t UR Output PIN_64 4 B4_ND PIN_64 2.5V (default)
oy Output PIN_52 4 B4_ND PIN_58 2.5V (default)
o4t x10_1(7] Output PIN_144 8 B8_NO PIN_144 2.5V (default)
24 X10_1[6] Output PIN_143 8 B3_ND PIN_143 2.5V (default)
o4t x10_1[5] Output PIN_142 8 B8_ND PIN_142 2.5V (default)
£|25 x0_1(4 Output PIN_141 8 B3_ND PIN_141 2.5V (default) o
=< B T >
0%  00:00:00

Exit the Pin Planner. 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/gts/qts _gii53018.pdf?GSA pos=1&WT.oss r=1&
WT.0ss=TimeQuest Timing Analyzer

Page

161



EARTHRPEOPLE

TECHNOLOGY

DSO Development System User Manual

Browse to the \Projects HDL\EPT Transfer Demo \ DSO 100M_TOP folder of the

EPT FPGA Development System DVD. Select the “DSO 100M Top.sdc” file.

Home  Share  View

~ 0
4% cut ‘“ | x Eﬁ m ) New item ~ D [3] Open ~  BH select al
Copy path £ Easy access » [Z eait 45 select none
Copy Paste Move Copy Delete Rename  New Properties
B rostesnorteut 1o ! tew e e rustory | G invert setection
Clipbsara Organize New open Select
@© v 4 L « DUEPROLOGIC_USB_FPGAPROJECT_11DVD » Projects HDL » EPT_CEG_AF TransferDemo » EPT_ACES_AF D1 Top » v[¢] [SearchEPTacEs AFDITop £
)/ Drivers A Nome . Date modified Type Size
4 Projects ActiveHost 1 db 10/8/20153:02PM  File folder
: E:j:z’::fm ). incremental_db 10/8/20153:02PM  File folder
- 1l output files 10/8/2015302PM  Fie folder
di EPT_ACEG AF Transfer Demo || EPT_ACES_AF D1 Topjdi 2/14/2014121TAM  IDI File 1K8
IIEFLACEUF'D"T” ] EPT_4CE6_AF D1 Top.gpf 142013 7:28PM  QPF File 2Ke
] EPT_4CES_AF D1 Top.asf 10/8/20152:46PM__ QSF File sKe
i incremental do | | EPT_4CES _AF D1 Topssde 10/12/20154:00PM _ SDC File 1K8
& output files || EPT_4CE6_AF D1 Top_assignment_defeults.qdf 5/19/2015455PM  QDF File KB
)l ModelSim
) sim
U ste
U rest
J Testbench v
Bitems 1item selected 312KB  State:@R Shared Cl

Copy the file and browse to c:\altera\xxx\quartus\qdesigns\EPT Transfer Demo
directory. Paste the file.

) ™| & » Computer » Gatewsy (C) » sltes » 121551 > qusrtus b adesgna b G Transfe Test »

. —
Ogenze> [ Open  Bum  Newloldes
4 £ Tanster Tet = Name : Dstemosfid  Type
!t frer
B o i -k
s 'V':m-“’ S e 1 incrementsl_db
R b output s
b sope buider 4 simution
.M""" peckulgp | EPT.570_AP 2. Topjdi ©
an | @ ePT50.4p02 Topapt @
3o = L EPTS0.AP.U2 Topast @
| - | EPT.570_4P_\2 Topastbak @
L ,
o1, Topasc s soCFie w
- Documents and Settngs D ERMALIETor:
b tely
4 Busines: Opporunites
J Capiot Coltege
b Code FPGA
4 Documents

| 4 Downloss

& Divere =
EPT_S70_4_U2 Topsdc Date modfied: /2720131030 PM  Date crestect 313/2013 9:61 PM
S0 Fie Sae 316K8

Select the Start Compilation button.
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@ Quartus Il 64-Bit - C./Jolly/Code_FPGA/EPT_4CE6_AF_Transfer_Demo/EPT_4CEG_AF Transfer_Demo/EPT_4CE6_AF_D1_Top/EPT_4CE6_AF D1 Top -EP.. - 5

Search altera.com (]

Fie Edit View Project Assignments Processing Tools Window Help
D@ ¥ Ga@ 9 o [ersesarpite - ¥ e O OOl % Lo ®
Froject Navigator nax ‘ Y Home et o |

Entity
iy Cyclone IV E: EPACEEE22C8
EPT_4CE5_AF_D1_Top &1

Start Designing

. Web vs Subscription

*!ﬁ Editon
< >

i Fil Design Units |
A Herarchy es | o Desgnunits | 1 4[p % Buy Software
[Tasks Tax|

empiation '\ \msmwze‘ \ Q] Documentation

New Project Wizard

Task ~
Compile Design m Training

Ld
? b W Analysis &Synthesis
) o Support -

W Assembler (Generate programming files] w

< ML )
E El ol lal \v <<Search>>

AlType  ID  Message

£ System /\_Processing /

Starts a new compiation 0%  00:00:00

If you forget to include a file or some other error you should expect to see a screen

similar to this:

Search altera.com (]

Fie Edit View Project Assigments FProcessing Tools Window Help %)

DEHS s @9
Project Navigator a8 x

¥R O r OO R @D A e

[Z] | 4gh Compiation Report - EFT_4CE6

Entity
/A Cydone Iv E: EPACE6E22CE Bl Flow Summary Flow Status Flow Failed - Mon Oct 12 16:05:54 2015
b m EPT_4CES_AF_D1_Top ’;E 5 Flow Settings Quartus IT 64-Bit Version 13.1.0 Build 162 10/23/2013 5] Web Edition

Revision Name. EPT_4CE5_AF_D1_Top

5 Flow Non-Default Giobal Settings Top-level Entity Name ERT_4CE6_AF D1 Top

EFR Fiow Elapsed Time Family Cycone IVE

2 Flow OS Summary Device EPacEsE22CE
Timing Models Final
Total logic elements NJA until Partition Merge

[ Analysis & Synthesis
v Total combinational functions NJA until Partition Merge
(1) Flow Messages

Ay Hierarchy EFles | o Desionunits | i 4|p @ rows - Dedicated logic registers /A until Partition Merge
o Suppressed Messages NJA unti Partition Merge:

M rasks EERY NJA unti Partition Merge
Fow: [Conplaten -] [cmtomze | Total virtual pins N/A unti Partition Merge:
Total memory bits MJA unti Partition Merge
Task ~ Embedded Multilier 5-bit elements  N/A unt Partition Merge
Total PLLs N/ unti Partition Merge
X 4 P compiepeson ¥ <
X b B Analysis & Synthesis
b B Fitter (Place &Routs)
b B Assembler (Generate programming files v
< > ||« >
<[] &P T <cSearch>>
2 [A P al @ |
RllType ID Message &
@ 12152
@ 144001
3
. €) 293001 Quartus IT Full Compilation was unsuccessful. ¢
g v
< >
= Processing (43)

11%  00:00:02
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Click Ok, the select the “Error” tab to see the error.

Fie

Edt View Froject Assignments

DEHE ¥ 2R 9™

Processing  Tools

EPT_4CE6_AF_D1 Top <

Window  Help

YD r7 D R @9 A4 e P

Project Navigator 38 x
Entity

A cydone Iv E: EPACESEZ2CE

EPT_4CE6_AF_D1_Top &

Ay Herarchy | E]Fies | DesignUnits | :";M

[Tasks aax|

Flow: |compiation ~ | [custonize... |

Task ~

Compie Design

# Anclysis & Synthesis

I Fitter (Place &Route)

I Assembler (Generate programming files v

xx

v v v W

S Flow Summary

= Flow Settings

= Flow Non-Defauit Global Settings
= Flow Elapsed Time

== Flow OS Summary

(] Analysis & Synthesis
() Flow Messages
(3) Flow Suppressed Messages

(1] g Complation Report

Flow Status
Quartus IT 64-8it Version
Revision Name
Topevel Entity Name
Famity
Device
Timing Models
Total logic elements
Total combinational functions
Dedicated logic registers
Total registers
Total pins
Total virtual pins
Total memary bits
Embedded Multiplier 5-bit elements
Total PLLs

Flow Falled - Mon Oct 12 16:
13.1.0 Buid 162 10/23/201351 Web Edition
EPT_4CE6_AF_D1_Top
EPT_4CE6_AF_D1.Top

Cydone IVE

NJA until Par tition Merge
MJA until Par tition Merge
N/A unt Partition Merge
NJA unti Partition Merge
NJA until Par tition Merge
MJA until Par tition Merge
N/A unt Partition Merge
NJA unti Partition Merge
NJA until Par tition Merge

Search altera.com @

a2

‘ T <<search>>

amx| | A

1D
253V

Type Message

@ 124001

Quartus II €4-Bit Analysis
Ouartus IT Full

ilog HDL Module Instantiati
12152 Can't elaborate user hierar
Generated suppressed messages

Comoilation was unsuccessful.

Synthesis was unsucce:
4

er.

ssful, 2 =

rors. 11 warninos

, 11 warnings

-

y of instances because the declaration for the

'PGA/EPT_4CE6_AF_Transfer_Demo/EPT_4CE6_AF Transfer Demo/EPT_4CE6_AF DI_

]
M 293001
<
\_System /\_Processing (43)

Messages

11%  00:00:02

The error in this case is the missing file “sync_fifo”

Click on the Assignment menu

then select Settings, then select Files. Add the “sync_fifo.v” file from the database.
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Category:

General

Files

Libraries

Operating Settings and Conditions
Voltage
Temperature

Compilation Process Settings
Early Timing Estimate
Incremental Compilation
Physical Synthesis Optimizations

EDA Tool Settings
Design Entry/Synthesis
Simulation
Formal Verification
Board-Level

Analysis & Synthesis Settings
VHDL Input
Verilog HDL Input
Default Parameters

Fitter Settings

TimeQuest Timing Analyzer

Assembler

Design Assistant

SignalTap II Logic Analyzer

Logic Analyzer Interface

PowerPlay Power Analyzer Settings

55N Analyzer

N

N

N

[N

Device.

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

praject.
Fie name: [ Ty [
="y
File Name Type Library Design Entry/Syntheg
W fsrefmux. v Werilog HDL File <Monge >
EPT_4CES_AF_D1_Top.sdc Synopsys Design Constraints File <None > Remave
.. Jsrcfactive_trigger.vam verilog Quartus Mapping File <Mone >
. farcffipflop.v Werilog HDL File <None > Up
..fsrcfft_245_state_machine.v Verilog HDOL File <None >
..[srcfendpaint_registers.vgm Verilog Quartus Mapping File <None > Down
..[srcfactive_transfer_library.w  Verilog HDL File <Monge =
. [srefactive_transfer,vgm Werilog Quartus Mapping File <Mane > Properties
. fsrefactive_control_register.vgm Verilog Quartus Mapping File <Monge >
.. Jsrcfactive_block.vqm Verilog Quartus Mapping File <None:>
.. fsrcfwrite_control_logic.v Werilog HDL File <Mone >
.. farcfsync_fifo.v Werilog HDL File <Mone >
..fsrcfread_control_logic.v Verilog HDOL File <None >
..fsrcfmem_array.v Verilog HDOL File <None >
..[srcftb_define.v Werilog HDL File <Monge =
o fsrefeptiireOR.y Werilog HDL File <Monge >
o fsrefEPT_4CEG_AF_D1 _Top.v  Verilog HDL File <Monge >
.. Jsrcfdefine.v Verilog HDL File <None:>
output_files/Chain1.cdf Chain Description File <Mone >
output_files/Chain4.cdf Chain Description File <None >
< >
WhuySoftmare | | ok || Cancd | mpply || Hebp

Click Ok then re-run the Compile process. After successful completion, the screen

should look like the following:
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- O

& Quartus Il 64-Bit - C:/Joll ly/Code_FPGA/EPT_4CE6_AF Transfer Demo/EPT_4CE6_AF Transfer Demo/EPT_4CE6_AF_D1_Top/EPT_4CE6_AF_D1_Top - EP..

DEHEE i 9 olijpaente - |[MY - ¢%¢ 0 ro 0 22 @9 409

Project Navigator RE x| | H S (2] | gk Compiation Report -EFT_4CES_AF D1 Top [
Entity [Table of Contents e
[ Cycone IV E: EPACESE22CS W Flow Status Successful - Mon Oct 12 16:10:04 2015
b 34 EPT_aCE6_AF_D1_Top S 7 Flow Settings Quartus 11 64-Bit Version 13,10 Buid 162 10/23/2013 5J Web Edition
Revision Name EPT_4CES_AF_D1_Top
E=8 Flow Non-Default Global Settings Top-level Entity Name. EPT_4CE6_AF D1 Top
T Flow Hapsed Tme Family Cydlone IVE
=8 Flow OS Summary Device: EP4CEGE22C8
[E] FowLoa Timing Models Final
b (1 Analysis & Synthesis Total logic elements 632/6,272 (10 %)
i LA &1 Fiteer Total combinational finctions ~ 594/6,272 (9 %)
A tiererchy | ElFles | 6# Desgnumts | ¥ M o Dedicated logic registers 411/6,272(7%)
low Messages Total registers 411
[Tasks B8 X|| L) Flow Suppressed Messages Total pins 86/92(93%)
Flow: |CW\EW ,‘ ‘Cusmwm ‘ b (1 Assembler Total virtual pins 0
I+ (2 TimeQuest Timing Analyzer Total memory bits 2,048 [ 276,480 ( < 1%)
Task Embedded Multiplier $-bit lements 0 /30 (0 %)
v 4 P CompieDesgn Total PLLs 0/2(0%)
L b B Analysis & Synthesis
b > B Fitter (Place &Route)
L b B Assembler (Generate programming files v
< > |« >
g &PEPLe] [T s v
RllTyvpe  ID  Message 2
(p 332102 Design is not fully constrained £Or SeTUp Tequirements
(i) 332102 Design is not fully constrained for hold requirements
() c duzgr was successful. 0 errors, 10 warnings
4 @JS II Full Compilation was :@11013, 59 warnings
i v
= Processing (185)

100%  00:00:31

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

13.1.2 Configuring the FPGA

Configuring the FPGA is quick and easy. All that is required is a standard USB Micro B
cable and the EPT Blaster Driver DLL. Connect the DSO 100M to the PC, open up
Quartus Prime, open the programmer tool, and click the Start button. To program the
DPL Configuration Flash, follow the steps to install the USB Driver and the JTAG
Driver Insert for Quartus Prime.
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If the project created in the previous sections is not open, open it. Click on the
Programmer button.

€ Quartus Il 64-Bit - C:/Jolly/Code_FPGA/EPT_4CE6_AF_Transfer_Demo/EPT_4CE6_AF_Transfer_Demo/EPT_4CE6_AF_D1_Top/EPT_4CE6_AF D1 Top -EP.. - H

Fie FEdit View Project Assignments Processing Tooks Window Help O
T R = —" ¢ve o rv oo de d@ho

Project Mavigator B8 x ] | < compiation Repor

Entity
Ay Cydone 1V E: ER4CEGE22CS
1+ BB EPT_4CEs_AF_D1 Top 4@

<

31 Flow Summary

= Flow Settings

= Flow Non-Default Global Settings
= Flow Elapsed Time

E= Flow 0S Summary

[E Flowlog

[ Analysis &Synthesis

-

A erarchy

b (] Fitter
(i) Flow Messages

[Tasks

(i) Flow Suppressed Messages

Flow: |Compilation

| [ Assembler

b [ TmeQuest Timing Analyzer

4 & Compie Design
b B Analysis & Synthesis
b B Fitter (Place &Route)

>

b B Assembler (Generate programming fies, v

Fiow Status
Quartus IT 64-Bit Version
Revision Name
Top-tevel Entity Name
Fanily
Device
Timing Models
Total logic elements
Total combinational functions
Dedicated logic registers
Total registers
Total pins
Total virtual pins
Total memory bits
Embedded Multipler 9-bit elements
Total PLLs

Successful - Mon Oct 12 2015
13.1.0 Buid 162 10/23/2013 51 Web Edition
EPT_4CE6_AF_D1_Top
EPT_4CE6_AF D1 _Top

Cyclone VE

EP4CEGE22CH

Final

632/6,272 (10 %)

594/6,272(3 %)

411/6,272(7 %)

411

86/92(93%)

0

2,048 /276,480 (< 1%)
0/30(0%)

0/2(0%)

2]

‘ T <<search>>

ETEIENCNENENEY

ID  Message

B
54

essages

332102 Design is not fully constrained for setup requirements
332102 Design is not fully constrained for hold requirements

Quartus TT 64-Bit TimeQuest Timing Analyzer was successful.
293000 Quartus II Full Compilation was successful. 0 errors,

0 errors,
59 warnings

10 warnings

v
< >

= Processing (185)

Opens a Programmer window 100% 00:00:31

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

Hardware Setup button in the upper left corner.

% At Detect
* Deeie
(fy Acd ..

15 Crange Fae

Checksum  Usercode  Program/
Configure

Verfy Bk Examine
Check

B awe

1ol save Fle
5 Aadpevce...
tew

Fenom
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The Hardware Setup Window will open. In the “Available hardware items”, double
click on “EPT-Blaster v1.5b”.

Hardware Settings ITAG 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 - |

Awailable hardware items

Hardwa Server Port Add Hardware. ..
( Blaster v1.5b (64) Local MBUSB-0
Remove Hardware

If you successfully double clicked, the “Currently selected hardware:” dropdown box
will show the “EPT-Blaster v1.5b”.

o x
Hardware Settings ‘ ITAG Settings ‘
Select a programming hardware setup to use when programming devices. This programming
hardware setup applies anly to the i
I
Currently selected hardwafe: |EPT-BJasbe( v1.5b {64) [MBUSBE-0] ) - |
Available hardware items
Hardware Server Port Add Hardware...
Local MBUSB-0
Remove Hardware
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” option.

Click on the “Mode:” drop down box. Select the “Active Serial Programmin

Fe Edt Vew Pomsng Took Wedow tep

| 2 Hordnare Setp...| T elate v1.5 (54 MTEG)

Click on the “Add File” button

search altera.com []

Fle Edt Vew Processng Tods Window Heb B
) B

& | [prausm s
) Enable rest-me 159 to akow bachground progsamning (for MAX L and MAX ¥ devices)
Dewce Chediam

Usercode program/ venfy gk Eamne  Seamy  pae [
Canfigure ek Bt o

Pstan e

e stop
i huta Detect
X Delete
=D
B

15 Change Fle.

i severie
[ Add Device....
fouw

Fopown
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Look in: | 1. :\iolly\Code_FPGAYEPT_4CE6_A._nsfer_Demo\EPT_4CE6 AF D1Top ~| @ © @ (I} [3)

*' My Computer Name Size Type Date Modified

a nelso_000 L db File..lder 10/12/2015 4:10:10 PM

1 db File..lder 10/8/20159:20:51 AM
" | output_files Y File..Ider 10/12/2015 4:10:10 PM

a3
€ >
File name: | | Cpen
Files of type: |PDF Files {*.pof) - | | Cancel

At the Browse window, double click on the output files folder.

i X
Look in: | | C:\lolly\Code FPGA\EPT 4CE6 AF..PT 4CE6_AF D1 Toploutput fies ~ @ © @ [} (]
*‘ My Computer Name . Size Type Date Modified
|2, rnelsoooo € EPT_4CE6_AF_D1_Top.pof = 128KB pofFile  10/12/2015 4:10:04PM
< >
File name: |EPT_4CE6_AF_D1_Top.pcf | ‘ Open |
Files of type: |POF Files (*.pof) - | ‘ Cancel |
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Double click on the “EPT _4CE6 D1 Top.pof” file. Click the Open button in the lower
right corner.

Select the EPCS1 under “Device”.

Fle Edit View Processing Tools Window Help 57

| &, Hardware Setup... | |EPT Blaster v1.5 (54) [MBUS8-0) | Mode: [Active Serial Prog

[] Enable real-time 15P to allow backoround programming (for MAX 1T and MAX V devices)

= File Device Checksum Usercode Program/  Verify  Blank-  Ex
el start Canfigure Check

™ output_files/EPT_4CES_A. { EPCS1 Q07SFAS4 00000000
Step g

3% Auto Detect

[ Add File...

| save Fie
(2% Add Device...
Thup
1 pown

Next, selet the checkbox under the “Program/Configure” of the Programmer Tool.
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File Edit View Processing Tools Window Help 5

\_?_ Hardware Setup. \ |EPT-Blaster v1.5b (64) [MBUSE-0] | Mode: |Active Serial Prograr

[ Enzble real-time 15P to allow background programming (for MAX IT and MAX V devices)

5 File Device Checksum Ussrcode Programy ™, Verify  Blank-
Colbure e
F output_fles/EPT_4CE6_A... EPCS1 0075FA54 00000000 ] [] []

Stop —e?

Exam

@ Auto Detect
[ Add File. .

(b save File

(2 Add Device...

thup
ASDL
Jt Down E—

DATA

Click on the Start button to to start programming the FPGA. The Progress bar will
indicate the progress of programming.

x

Search altera.com (]
| Mode: ActiveseralProgramming +  Progress:

Fle Edt View Procesing Toos Window Hep &

2, Hardware Setup.

Enable real-ime ISP to alow badkground programming (for MAX I and MAX V devices)

ST Fie Device Checksum  Usercode  Program/  Verfy  Blark-  Examne  Searity Erase  IsP
Configure Check Bit cLamP
Ty output_files/EPT_4CE6_A... EPCS1 00755C55 00000000 [] [] [] [] [ B |
4 Auto Detect
3 Delete
[y Add Fie.
52 Change File.
Il save Fiie
2% Add Device
b up
Jpown

When the programming is complete, the Progress bar will indicate success.
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x

Search altera.com @
o e )

Fle Edt View Processng Toos Window Hep &

Mode: [Achvesemlprogamig =] rogre:

| & Hardnare Setup... | |EPT-Blaster v1.5b (64) [MBUSE-] ]

[ Enable real-tme I5P to allow background programming (for MAX I1 and MAX V devices)

i stop

15
cLavP

Usercode Verify Examine

Checksum Searity  Erase
Bit

Fie Device Program/
re

Blark-
Check

output_fles/EPT_4CE6_A... EPCS1 0075555 00000000 O O

iy Auto Detect

[ Add Fie.
| save Fie

(2 Add Device...
thup
L oonn

At this point, the DSO 100M is programmed and ready for use. To test that the FPGA
is properly programmed, bring up the Active Transfer Demo Tool. Click on one of the
LED’s and verify that the LED selected lights up. Press one of the switches on the
board and ensure that the switch is captured on the Active Host Test Tool. Now you are
ready to connect to the Arduino Due and write some code to transfer data between
microcontroller and PC.

244.2.25—

G_()-“ <« EPT USB-CPLD Development System CD » Projects_ActiveHost 64Bit » EPT_Transfer_Test » EPT_Transfer Test » bin » 564 » Release o

— -
Organize v Open Share with + Bum New folder
| |, Arduino_IDE “ Name . Date modified Type Size
1. Documentation
] ActiveHost6a.dil 3/2/2013044PM  Application extens... 27¢8
: ::::Z; - [ EPT_Transfer_Testexe 3/2/201311.28 PM Application 28 K8
§ rrpece Adoion ot @] EPT_Transfer_Test.pdb 3/2/031128PM  Progiam Debug D... 6KB
B At ion 1008 BT Tromfer Testshostece 3URBU2PM  Application 128
N || EPT_Transfer_Test.vshost.exe.manifest 8/31/200912:40 AM  MANIFEST File 1KB
) BRIy 1718/20133:54 PM Application extens... 252K8

)i EPT_Transfer_Test
). EPT_Transfer Test
1 bin
)| Debug
1! Release
E
J! Debug
). Release
1. obj
1. Properties.
EPT_Transfer_Test.axe
Application

my

State: 3R Shared

Date modifiec: 3/2/201311:28 PM

78] ftdaba.dil

Size: 280KB
Date crested: 3/2/201311:29 PM

Shared with: Homegroup
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EEI EPT_Transfer_Demo

|EPT USH < Seral&TAG Cab ~ | - Close
Transfer Controls
Send Byte: Address Receive Byte
i LoopBack
Multi Byte Rat
LED Controls
LED's
Switches
Switch Controls i
»
Shift Left
Shift Right
Rst
Shift Up
Shift Dn
Static Load EPT Image
Enter Timer Value Rst EFT Face
Block Controls
Block Send Block LoopBack Block Receive
BLOCK 8 (®) Reptitions
--1
BLOCK 16
O Infinite
BLOCK 128
Stop
USR BLCK
Rst Rst
Address | 4] Length | | Emors | | Bytes Transferred
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ﬁ EPT_Transfer_Demo

[EPT USB <> Serial&J TAG Cab - | Close
Transfer Controls
Send Byte: Address Receive Byte
Bis LoopBack
Multi Byte Rt
LED Controls
LED's
Switches
Switch Controls Fardom
»
Shift Left
Shift Right
Rst
Shift Up
e SnBOhD
Static Load EPT Image
Enter Timer Value Rst EPT Face
Block Controls
Block Send Block LoopBack Block Receive
BLOCK 8 (® Repitiions
-1
BLOCK 16 -
) Ifinte
BLOCK 128
Stop
USR BLCK
Rst Rst
o [ 2] toown [3 [] Bon [ e e
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14 PC UnoProLyzer Code Base Description

At this point, the following has been accomplished:
e Description of the DSO 100M hardware

e Instructions on loading the drivers for the DSO 100M

e Instructions for loading the Quartus Prime and JTAG *.dll

e Instructions on how to create a Quartus project

e Instructions for loading the Visual Studio Express

e Description of the FPGA EndTerm interface

e Description of the PC Active Host interface

e Instructions on how to create a C# Windows Form
e FPGA code Description DSO 100M

So, now a description of the PC application, UnoProLyzer, for the DSO 100M can be
given. This code description is meant to be thorough, however, it cannot cover every
detail of the code. If any questions arise that cannot be determined from code and
comments. Please send an email for assistance on the EPT support email:

support@earthpeopletechnology.com

14.1 UnoProlLyzer Application Overview
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OVERVIEW OF THE UNOPROLYZER APPLICATION

< > on
et T b
) (v ] -
Forml.cs DSOC s s C s SignalSetup.cs
active_transfer_x64.cs cs } DSO €S ScaleFactor.cs
Plot Data Point on
Determine Which Scale Data Points Determine Color to Determine Data h icrosment
Scale Data Points Data Point Count,
Channol to display —#t  Using Dynamic  t—tb 05 B0 OO ot Use For Selected  t——# Point Count within o 00 L0 OURE
Using Counter Range of ADC e urticm soe | " Memory Array o oy
Store Incoming Check Memory
Soavmms | | mommesioom | | SUUEN | ndorom s
Four Channel Count, Resetto |\, Flag, Call Display Update |
Memory Array Sialetais thana W Neccessary < g
of Data Points =
Pack Command N
4 Transmit Byte Array Active Transfer
(et Count Down Timer for | - with ( \
Free Running Tri o< TransmitMemory [0 Transfer — Communication To The |
\ by EndTerms 50 FPGA /
Blocks >
rimate | [ WStForiocomios | |ty ey
Secton b i [—1 ot ] T
Data To Complete
il ) ~
b Calculate Gain Convert Vertical Transmit Byte Array /7 ActiveTranster ™\
Set Vertical Display =t Value for Vertical {——a Selectioninto Hex f——=  toTransfer  t——a Communication ToThe |
= = Selection Value EndTerms . DSOFPGA
= T =
% B Select Channel for Point Value from Countfrom Selected Data Point
B Tagger [ V] ttect Triesertevel Trigger Leveland [ 7| Previous Block | | from Starting Count
N Scale Value Transter to End Count
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