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MAXPROLOGIC DEVELOPMENT SYSTEM
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The MaxProLogic is an FPGA development board that is designed to be user friendly and a great
introduction into digital design for Electrical Engineering students and hobbyists. This board
provides innovative methods of developing and debugging programmable logic code. It has been
designed from the ground up to provide the functionality needed for the demanding projects from
today’s students and hobbyists. The board provides a convenient, user-friendly workflow by
connecting seamlessly with Altera’s Quartus Prime Lite software. The user will develop the code
in the Quartus environment on a Windows Personal Computer. The programmable logic code is
loaded into the FPGA using only the Quartus Programmer tool.

The core of the MaxProLogic is the Altera MAX10 FPGA. This powerful chip has 4,000 Logic
Elements and 200 Kbits of Memory. The MAX10 is easily scalable from the entry level college
student to the most advanced projects like an audio sound meter with FFT. The MAX10 is in
Altera’s line up of low cost, multi-function FPGA’s.

Circuit designs, software and documentation are copyright © 2025, 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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o Please Note: The MaxProLogic Does Not Contain On Board
Programmer. JTAG Programming and Configuration Flash
Programming must be performed by external Programmer Purchased
Separately.

1 Introduction
The MaxProLogic is an FPGA development board. It requires an external programmer to load
user code into the flash of the FPGA. The core of the board is the MAX10 chip. It has a built in
Flash for configuration and incorporates 8 channels of Analog to Digital Conversion. The board
has two power options

e Standard USB-C connector

e 5.5mm Barrel connector
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The MaxProLogic can be powered from a laptop with 2.5W of power. Or it can be run it from
the +5V @ 2A wall USB chargers for 10W of power. The barrel connector can handle up to
+5.5V @ 3 A for 16.5W of power. The MaxProLogic has a MicroSD connector on the bottom of
the board. The board has an optional On/Off pushbutton switch that allows the user to turn the
system on and off. The clocking comes from a 50MHz oscillator.

2 User Setup

The MaxProLogic is ready to go straight out of the box. Just connect power from either a
PC/Laptop, +5 VDC Universal Wall Charger, +5 to 5.5 VDC through barrel connector. Install
the On/Off jJumper to select default mode or On/Off switch. See the Power Section for details on
powering the board. Next, connect a JTAG Blaster or Altera USB Blaster to J13 for
programming the MAX10 chip. Then, write some code, synthesize, and program the chip. See
the Programming the MaxProLogic Section for details about programming the MaxProLogic
board. EPT provides a project DVD with source code, compiled code, user manual, data sheet
and schematics available for download on the EPT website.
https://earthpeopletechnology.com/products-page-2/modules/maxprologic
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3 MaxProLogic Description

The MaxProLogic is designed to give the user lots of options to communicate with and test the
functionality of the MAX10 FPGA. Most of the FPGA Inputs/Outputs are available at board
connectors. All components are contained on one board. It operates with power either from the
USB connector or the Barrel Connector.
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3.1 Functional Block Diagram
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3.2 MAXPROLOGIC SPECIFICATIONS
MAX 10 10M04SA FPGA From Altera 4,000 Logic Elements;
2.2 Mbit On chip Flash; 189 Kbit On Chip SRAM 8 Analog Input
Channels; 12 bit; 1MSamples/Second 65 Available I/O’s at connectors
65 Inputs/Outputs available at connectors on board
8 Green User configurable LEDs 1 Power Pushbutton Switch; 1 User Configurable Pushbutton Switch
On Board MicroSD Card Slot
Two Power options: Standard USB (+5V @ 2Amp) Using USB-C connector; 5mm Barrel Connector
Accepts +5.5V @ 3Amp
e  Switching Power Supply, Provides stable output under high load stress
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On/Off controller uses push button, optional bypass mode to allow board power up without On/Off control
50MHz Oscillator
On board interface to Standard UART Serial Adapters

Standard Programming Connector fits any Altera USB Blaster

ON/OFF POWER
CONTROL

TEMPERATURE SENSOR
CONNECTOR

1/0 CONNECTORS

ON/OFF PUSH BUTTON 50MHZ OSCILLATOR
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+3.3V POWER SUPPLY

1/0 CONNECTORS JTAG PROGRAMMING
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3.3 FPGA
The MaxProLogic includes the Altera 10M04SAE144C8G FPGA. It is an EQFP 144 pin
package. This FPGA incorporates both the configuration flash and the ADC on the chip. This is
different from conventional FPGAs as these two items are usually off chip. Access to the
configuration flash is transparent to the user. The user does have access to the User Flash. This
access is provided through the Altera MegaFunctions at the project level. Access to the ADC is

also provided through the Altera MegaFunctions at the project level.
Parameter 10MO4SA
LEs (Logic Elements) 4,000
Page
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Block memory (Kb) 189

User flash memoryl (KB) 16 — 156

18 x 18 multipliers 20

Phase-locked loops (PLLS) 2

Internal configuration Dual
Analog-to-digital converter 8 Channels, 1MSa/Sec
(ADC)

External memory interface Yes

(EMIF)

Inputs/Outputs 101

3.4 Power Supply

The MaxProLogic is designed to be operated from one of the following power sources:

e standard USB cable from Laptop/PC.

e +5VDC through USB-C cable.

e +4.5t0+5.5 VDC supplied through the Barrel Connector.
This input provides power for a high-efficiency switching regulator on-board to provide +3.3
VDC. The DC power supply provides reliable power under dynamic loads and high frequency
switching internal to the FPGA. The core of the switching supply is the TI TPS54229 chip.
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The TPS54229 is a very stable synchronous buck converter. This allows it to provide a fast
transient response. You can view this response here:
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Wonrt = 50 _hr'\d W L

o:.:i.fq.'\d'.-

t-Time - 100 us

1.05-, 50-mA to 2-A LOAD TRANSIENT
RESPOMSE

The TPS54229 has an Enable signal that allows the power supply to turn off. This signal is the
net PWR_ENABLE. It is controlled by the On/Off controller MAX16054 or default. The
operation of the On/Off controller is explained in section x. The default level for the

PWR_ENABLE is high. The default level allows the power supply to turn on when power is
applied to the board.

3.5 Clock Domains
The MaxProLogic provides an external clock domain to the MAX10 FPGA, 50 MHz. The 50
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MAX 10 FPGA

50MHZ OSCILLATOR
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MAXPROLOGIC

o9

MHz oscillator is Part Number: ASDMB-50.000MHZ-LC-T and is a +3.3VDC device that
provides a high speed clock to the FPGA. It is a CMOS device that provides a stable 50 MHz at
+50 ppm. This clock can be used directly in the user code or use it as an input to one of the
PLL’s internal to the FPGA. It is intended that this clock will drive the logic of the user code. If a
different clock frequency is required in the user code, use the PLL scale up/down to produce the

desired clocking.
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6 SD_CMD 8:;; 10_1B_17/VREFB1NO

6 SD_CD/DAT3 4a | |0_2_30/VREFB2NO
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SD_DAT1 27| 10_4_61/VREFB4ND
57| 10_5_B0/VREFBSNO

10_6_97/VREFBENO

XI07_6 1;‘; 10_7_112/VREFB7NO
XI07_7 10_8_123/VREFBSNO

The 50MHz oscillator output is applied to pin 26 of U4 (MAX 10 FPGA) via a series resistor,
R26.

Parameter Min Max Units

Overall Frequency Stability: -50 +50 ppm

Operating Temperature: 0 +70 °C

Output Load: 25 pF

Supply Current 9 16 mA

3.6 Digital I/Os

The MaxProLogic has eight 10 pin headers that provide 64 digital Inputs and Outputs. All of the

I/O’s are +3.3 VDC only. All I/O’s connect directly from the FPGA to one of the ten pin
headers.
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All I/O’s are organized into separate banks of the FPGA. There are eight banks. These different
banks provide different output speed technologies. Programmable Open Drain The optional
open-drain output for each 1/0 pin is equivalent to an open collector output. If it is configured as
an open drain, the logic value of the output is either high-Z or logic low. Use an external resistor
to pull the signal to a logic high. Programmable Bus Hold Each 1/O pin provides an optional bus-
hold feature that is active only after configuration. When the device enters user mode, the bus-
hold circuit captures the value that is present on the pin by the end of the configuration. The bus-
hold circuitry holds this pin state until the next input signal is present. Because of this, you do
not require an external pull-up or pull-down resistor to hold a signal level when the bus is tri-
stated. For each 1/0O pin, you can individually specify that the bus-hold circuitry pulls non-driven
pins away from the input threshold voltage—where noise can cause unintended high-frequency
switching. To prevent over-driving signals, the bus-hold circuitry drives the voltage level of the
I/0O pin lower than the VCCIO level. If you enable the bus-hold feature, you cannot use the
programmable pull-up option. To configure the 1/O pin for differential signals, disable the bus-
hold feature. Programmable Pull-Up Resistor Each 1/0 pin provides an optional programmable
pull-up resistor during user mode. The pull-up resistor weakly holds the 1/O to the VCCIO level.
If you enable the weak pull-up resistor, you cannot use the bus-hold feature. Programmable
Current Strength You can use the programmable current strength to mitigate the effects of high
signal attenuation that is caused by a long transmission line or a legacy backplane.

To provide maximum flexibility to system designers, all FPGA 1/O are intrinsically bidirectional.
Based on the 1/O direction specified in the configuration file, each I/O can be configured as
input-only, output-only, or bidirectional. While the output buffer of a bidirectional 1/0 has
always included a dynamic output enable signal, MAX 10 FPGAs also include an input buffer
enable/disable capability. When an input buffer is dynamically disabled, the buffer presents its
last known state to the FPGA core fabric, so that no inputs inside the FPGA are left floating.
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3.7 Analog Input

The MaxProLogic features an analog input of eight buffered channels. Each channel has its own
1MHz Unity Gain Amplifier to provide isolation and filtering. The Unity Gain Amplifier

provides the best isolation between channels when using a Sample and Hold ADC and a high
speed multiplexor.
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The Analog Inputs connect up to the MAX 10 FPGA using the following pins:
Connector RefDes- MaxProLogic FPGA Signal Name | MAX 10 Pin Number
Pin Number Schematic
Signal
J11-1 +5V NC
J11-2 ANALOG _IN_1 USER_AIN[O] 6
J11-3 ANALOG IN 2 USER_AIN[1] 7
J11-4 ANALOG _IN_3 USER_AIN[2] 8
J11-5 ANALOG IN 4 USER_AIN[3] 10
J11-6 ANALOG_IN 5 USER_AIN[4] 11
J11-7 ANALOG IN 6 USER_AIN[5] 12
J11-8 ANALOG IN 7 USER_AIN[6] 13
J11-9 ANALOG _IN_8 USER_AIN[7] 14
J11-10 GND NC
Page
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ANALOG INPUTS

The ADC provide the MAX 10 devices with built-in capability for on-die temperature
monitoring and external analog signal conversion. The ADC solution consists of hard IP blocks
in the MAX 10 device periphery and soft logic through the Altera Modular ADC IP core. The
ADC solution provides you with built-in capability to translate analog quantities to digital data
for information processing, computing, data transmission, and control systems. The basic
function is to provide a 12 bit digital representation of the analog signal being observed. The
ADC monitors up to 8 single-ended external inputs with a cumulative sampling rate of one
megasymbols per second (Msps).

Altera MAX 10 ADC Conversion

The ADC in dual supply Altera® MAX® 10 devices can measure from 0 V to 2.5 V. In single
supply Altera® MAX® 10 devices, it can measure up to 3.0 V or 3.3 V, depending on your
power supply voltage.

Page
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In prescaler mode, the analog input can measure up to 3.0 V in dual supply Altera® MAX® 10
devices and up to 3.6 V in single supply Altera® MAX® 10 devices.

The analog input scale has full scale code from 000h to FFFh. However, the measurement can
only display up to full scale — 1 LSB.

For the 12 bits corresponding value calculation, use unipolar straight binary coding scheme.

Output Code Full scale
A Transition “..
FFF =+ Y

FFE .
FFD T~ |_

) Full scale input =25V
-+ I Resolution = 212 =408
TL56 = 2.5V /409 = &10.35p"

12 bit Gutput Code [Hex)

Input Voltage (V)

The Altera® MAX® 10 ADC is a 1 MHz successive approximation register (SAR) ADC. If you
set up the PLL and Altera Modular ADC IP core correctly, the ADC operates at up to 1 MHz
during normal sampling and 50 kHz during temperature sensing.

Page
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PLL Clock In

Dedicated ADC Hard IP Block

#Analog Input J
(= ﬁ_ — pouT[ing)
ADCAnaloglnput | M Sampling ™~ 12bit 1 Mbps ADC

Sequencer [4:)]

[Dual Function] [16:1] | . and Hﬂ|d
' L Control/Status
- -
C Temperature Sensor J,
—— e Altera Modular ADC IP Core
AD(:]IrqEF — L) L}

Internal Vpgr

3.7.1 Voltage Representation Conversion
Use the following equations to convert the voltage between analog value and digital
representation.

Conversion from Analog Value to Digital Code
Digital Code=(vnvrer)x212Digital Code=(VINVREF)x212

Conversion from Digital Code to Analog Value
Analog Value=Digital Codex (vrer2:2)Analog Value=Digital Codex(VREF212)

3.7.2 Calculation Example for Vrer of 2.5V
Analog voltage value to digital code (in decimal), where signal in is 2 V:

Digital Code=(22.5)x4096=3277Digital Code=(22.5)x4096=3277
Digital code to analog voltage value, approximation to 4 decimal points:

Analog Value = 3277x(2.54096)=2.0000

3.7.3 ADC Analog Input Pins
The analog input pins support single-ended and unipolar measurements.
The ADC block in Altera® MAX® 10 devices contains two types of ADC analog input pins:

Page
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o Dedicated ADC analog input pin—pins with dedicated routing that ensures both
dedicated analog input pins in a dual ADC device has the same trace length.
e Dual function ADC analog input pin—pins that share the pad with GPIO pins.

If you use bank 1A for ADC, you cannot use the bank for GPIO.
Each analog input pin in the ADC block is protected by electrostatic discharge (ESD) cell.

3.7.4 ADC Prescaler

The ADC block in Altera® MAX® 10 devices contains a prescaler function.

The prescaler function divides the analog input voltage by half. Using this function, you can
measure analog input greater than 2.5 V. In prescaler mode, the analog input can handle up to 3
V input for the dual supply Altera® MAX® 10 devices and 3.6 V for the single

supply Altera® MAX® 10 devices.

P.DE 3|'5 kﬂ
Analog ———"\/\,
Input )
36kQ=
il Mux
REFGHND

The prescaler feature is available on these channels in each ADC block:
e Single ADC device—channels 8 and 16 (if available)

3.7.5 ADC Clock Sources
The ADC block uses the device PLL as the clock source. The ADC clock path is a dedicated

clock path. You cannot change this clock path.
For devices that support two PLLsS, you can select which PLL to connect to the ADC. You can

configure the ADC blocks with one of the following schemes:

Page
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e Both ADC blocks share the same clock source for synchronization.
o Both ADC blocks use different PLLs for redundancy.

If each ADC block in your design uses its own PLL, the Altera® Quartus® Prime Fitter
automatically selects the clock source scheme based on the PLL clock input source:

o If each PLL that clocks its respective ADC block uses different PLL input clock source,
the Altera® Quartus®Prime Fitter follows your design (two PLLS).

o If both PLLs that clock their respective ADC block uses the same PLL input clock
source, the Altera®Quartus® Prime Fitter merges both PLLs as one.

In dual ADC mode, both ADC instance must share the same ADC clock setting.

Related information

PLL Locations, Altera® MAX® 10 Clocking and PLL User Guide

3.7.6  ADC Voltage Reference

Each ADC block in Altera® MAX® 10 devices can independently use an internal or external
voltage reference. There is only one external VREF pin in each Altera® MAXe 10 device.
Therefore, if you want to assign external voltage reference for both ADC blocks in dual ADC
devices, share the same external voltage reference for both ADC blocks.

Altera recommends that you use a clean external voltage reference with a maximum resistance
of 100 Q for the ADC blocks. If the ADC block uses an internal voltage reference, the ADC
block is tied to its analog voltage and the conversion result is ratiometric.

3.7.7 Creating Altera MAX 10 ADC Design

To create your ADC design, you must customize and generate the ALTPLL and Altera
Modular ADC IP cores.

The ALTPLL IP core provides the clock for the Altera Modular ADC IP core.

1. Customize and generate the ALTPLL IP core.

2. Customize and generate the Altera Modular ADC IP core.

3. Connect the ALTPLL IP core to the Altera Modular ADC IP core.
4. Create ADC Avalon slave interface to start the ADC.
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3.7.8 Parameters Settings for Generating ALTPLL IP Core

Navigate through the ALTPLL IP core parameter editor and specify the settings required
for your design. After you have specified all options as listed in the following table, you
can generate the HDL files and the optional simulation files.

For more information about all ALTPLL parameters, refer to the related information.

3.7.9 Completing ADC Design

The ADC design requires that the ALTPLL IP core clocks the Altera Modular ADC IP
core.

Generate the ALTPLL and Altera Modular ADC IP cores with the settings in the related
information.

Altera Modular ADC
dlock sample_store_irg
dodk_dk dk i sample_store_irg_irg
reset_sink
PLL . =
reset_sink_reset_n reset n
inclkd m ade_pll_clock
o inclkD frequency: 100,000 MHz ade_pll_dock_dk clk
Operation Mode: Narmal ade_pll_locked

0 locked ade_pll_locked_export export
ol 1710 | 0.00 SeqUencer_csr

sequencer_csr_address address
sequencer_csr_read read
sequencer_csr_write write
sequencer_ese_writedata[31..0] writedata
sequencer_csr_readdata[31..0] readdata

sample_store_csr
sample_store_csr_address[6..0] addrass
sample_store_csr_read read
\sample_store_csr_write write
sample_store_csr_writedata[31.0] |\yritadata
sample_store_csr_readdata31.0] |readdata

1. Create the design as shown in the preceding figure.
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2. Connect the c0 signal from the ALTPLL IP core to

the adc pll clock clk port of the Altera Modular ADCIP core.
3. Connect the 1ocked signal from the ALTPLL IP core to

the adc pll locked export port of the Altera Modular ADC IP core.
4. Create the ADC Avalon slave interface to start the ADC.

Parameter Setting

Parameter What is the frequency of the | Specify the input frequency to the PLL.
Settings > General/Modes | inclk0 input?

Parameter Create an 'areset' input to Turn off this option.
Settings > Inputs/Lock asynchronously reset the
PLL
Create 'locked’ output Turn on this option. You need to connect
this signal to

the adc pll locked port of
the Altera Modular ADC or Altera
Modular Dual ADC IP core.

Output Clocks > clk cO Use this clock Turn on this option.
Enter output clock Specify an output frequency of 2, 10, 20,
frequency 40, or 80 MHz. You can specify any of

these frequencies. The ADC block runs at
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Parameter Setting

1 MHz internally but it contains a clock
divider that can further divide the clock
by a factor of 2, 10, 20, 40, and 80.

Use this same frequency value in

your Altera Modular ADC or Altera
Modular Dual ADC IP core. You need to
connect this signal to

the adc_pll clock port of the Altera
Modular ADC or Altera Modular Dual
ADC IP core.

Different ADC sampling rates support
different clock frequencies. For a valid
sampling rate and clock frequency
combination, refer to the related
information.

3.8 12CSensor Connector
The MaxProLogic includes an 12C Sensor connector. This connector is designed to accept inline
six pin sensor boards that are popular with bread board connections.
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12C SENSOR
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The sensor is accessed through an 12C bus. This bus is connected to the FPGA through the

following pins:
Connector RefDes- MaxProLogic FPGA Signal Name | MAX 10 Pin Number
Pin Number Schematic
Signal
J14-1 +3.3V NC
J14-2 GND NC
J14-3 12C_0_SDA 12C_SDA 111
J14-4 I2C 0 SCL 12C_SCL 110
J14-5 NC NC
J14-6 ND NC

The bus uses 2.7K pullups on both the SDA and SCK signals.
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3v3 3v3
2 2
§ R6 R7
27K 27K
1 1
6 12C 0.scL<___|
6 12C_0_SDA<___}
U4-8
T 1 110
U8 2 7711 10_7_110/DIFFIO_RX_T1P
XOT—2 10_7_111/DIFFIO_RX_T1IN
HEADER_100_MIL_1ox1 3 XT3 Hﬁ 10_7_113/DIFFIO_RX_T4N
=—xMO7 2 775| |0_7_114/DIFFIO_RX_T6P
5— X7 5179 10_7_118/DIFFIO_RX_T10P
= = 10_7_119/DIFFIO_RX_T10N
3
10
—
| MAX10 10M04SAE144

These 12C signals can connect to any 12C device or Master. The user can implement code in the
FPGA will perform either Master or Device functionality. The MaxProLogic Project DVD
includes sample code to get the user started writing an 12C driver. This sample code is designed
to connect to the TMP102 Temperature Sensor Breakout Board.

This little board will connect up with J14 and is pin compatible.
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3.9 User LEDs

The MaxProLogic includes eight user LEDs. The LEDs are directly driven from the FPGA. User
code can implement any pattern on the LEDs by asserting a Ground to light up the diode and a
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high to turn it off. The LEDs are located at the front of the board between the USB-C and Barrel
connectors.

USER LEDS

IOMO4SAET4dCaG
iEvecMNOLo ! BAGAZ22634

NAIPIOLOGIC-

ALTERA
FPGA
10mM04

LEDS

Page

28



@ !EAR1;HPE|0PLE
& B n o o g

MaxProLogic Development System User Manual

They use the +3.3V 1/O’s along with a 220 Ohm series resistor for each LED. This provides the
following current through the LEDS

Vo =V
ligp = R
3.3V — 2.0V
oo =500
ILED == 59mA

The code to drive the LEDs is either zero (1°b0) or floating (1°bz). First, declare the LED as an
output. In the example below, the vector LED is set to ‘reg’ because it is driven in an always

block.
lmodule EPT 10M04 AF 52 Top (

inpunt wire CLE 10MHZ,

inpunt wire CLE 32KHZ,

inpunt wire EST,

ontput wire CLE 10MHZ ENABLE,
ontput wire CLE 32KHZ ENABLE,
ontput wire [7:0] XIC 1,

inpunt wire [7:0] XIo 2,

inpunt wire [7:0] XIC 3,

ontput wire [2:0] XIC 4,

inpnt wire PWE_ENABLE,
ontput reg [7:0] LED

):

To turn the selected LED on, set the signal equal to 1°b0. This will apply a ground to the cathode
side of the LED and allow current to flow through the circuit turning the LED on. To turn the
selected LED off, set the signal equal to 1’bz. This will float the cathode side of the LED and no
current will flow through the LED.

Page

29



@ !EAR1;HPE|OPLE
& B n o o g

MaxProLogic Development System User Manual

always @ (posedge CLE 10MHZI or negedge RST)
begin
if (YR5T)
LED <=
el=se
begin
if(=tate[LOAD LEDS])
begin
if ( led reg[C] )
LED[C] =
el=se
LED[C] =

if ( led reg[l] )
LED[1] =
el=se
LED[1] =

if ( led reg[Z] )
LED[2] =
el=se
LED[2] =

The User LEDs are available at the following pins:

LED Number MaxProLogic FPGA Signal Name | MAX 10 Pin Number
Schematic
Signal
D2 LED1 USER_LEDS[0] 21
D3 LED2 USER LEDS[1] 22
D4 LED3 USER_LEDS[2?] 24
D5 LED4 USER _LEDS[3] 25
D10 LED5S USER _LEDS[4] 32
D8 LEDG6 USER_LEDS[5] 33
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D9 LED7 USER_LEDSI6] 38

D7 LEDS USER_LEDS[7] 39

3.10 SD Card Interface
The SD Connector uses a standard cell phone SD Card Connector. This connector has a
mechanism that opens out away from the board on a hinge and allows the card to be inserted into
the hinged door. Close the hinged door and pull it towards the front of the MaxProLogic to

secure it.
SD CARD CONNECTOR

MoK A@LARLANGARA S HNMS
MHZAOA LA ANALNLMAR MM S WML

e
L
L
&
%

5 “?Egn%.:
& iee
2P
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SD Card Connector

The SD Card signals are available at the following pins:

SD Connector Pin MaxProLogic FPGA Signal Name
Number Schematic
Signal

MAX 10 Pin Number

P3-1

P3-2

P3-3

P3-4

P3-5

P3-6

P3-7

P3-8
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3.10.1 SD Card Protocol

There's a ton of information out there on using the MMC/SD SPI protocol to access SD cards
but not much on the native protocol. This page hopes to rectify that with information helpful
to those implementing a SD host or trying to understand what they're seeing on an
oscilloscope.

3.10.2 References
= The full MMC Specification is available as JESD84-A44 from the JEDEC website
= The SD Simplified Specification from the SD Card Association covers most of the protocol
= The full SD specification is available after joining the SD Card Association
3.10.3 Compatibility
MMC, SD, and SDHC cards are broadly compatible at the electrical and framing level. A
properly designed controller should be able to handle them all. Some differences are:

= MMC cards are available in both High Voltage (2.7 - 3.6 V) and Dual Voltage (2.7 - 3.6
and 1.70 - 1.95 V)

= MMC is designhed to support multiple cards on the same bus
» During initialisation MMC cards are clocked at 400 kHz or less
= MMC, SD, and SDHC all have different initialisation sequences

3.10.4 Protocol

The protocol is a strict master/slave arrangement where data is clocked synchronously from
the host to the card or from the card to the host over digital lines. Commands are sent from
the host to the card and all commands have either no response, a 48 bit response, or a 136
bit response. Some commands may also start a data transfer to or from the card.

There are three types of signal:

= CLK, carrying the clock signal from the host
= CMD, carrying commands from the host and responses from the card
= DAT, carrying data from the host or data from the card

There may be 1, 4, or 8 DAT lines. SD Cards can run at 0 - 25 MHz in Default Mode or 0 to
50 MHz in High-Speed Mode. MMC cards come in different grades that can run at up to 20,
26, or 52 MHz. No matter what all cards start up in 3.3 V, single DAT, and low speed mode
with any other features negotiated during the initialisation.
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3.10.5 Physical layer

All communication are at 3.3 V logic levels with 3.3 V being a high and 0 V being a low. CLK
comes from the host and idles low. CMD and DAT are bidirectional and idle high. All are
driven in a push/pull mode for speed.

Data is clocked into the host or card on the rising edge of CLK and changes on the falling
edge. This is equivalent to the SPI (0, 0) mode.

3.10.6 Framing

The framing is a bit unusual. It feels like it was written by a embedded software engineer
instead of a hardware or protocol engineer as the framing and use of CRCs is unusual and
inconsistent. The advantage is that the framing maps through to a software only
implementation pretty well.

All transfers start with a zero start bit and finish with a one stop bit. A card may signal that
it is still working on the response by keeping the CMD line high until the response is ready.

All commands are 48 bits (6 bytes) long and all responses are either 48 bits (6 bytes) or
136 bits (17 bytes) long. The 48 bit transfers can be thought of as an 8 bit message ID, 32
bit argument, and 8 bit checksum.

Bytes are transferred most significant bit first. Words are transferred most significant byte
first.

3.10.7 Commands and Responses
A command or response has the following format:

Bit # Value Name

47 1 0 Start bit

46 1 1 for commands, 0 for responses = Transmitter bit
45-40 6 Command ID
39-8 32 Argument

7-1 7 CRC
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0 1 1 Stop bit

The CRC is a 7 bit CRC with polynomial x” + x3 + 1. A table driven form can be found in the
Linux kernel under lib/crc7.c. Bitwise forms may be generated using pycrc with the
parameters

--width=7 --poly=9 --reflect-in=0 --reflect-out=0 --xor-out=0 --xor-in=0 --generate c
--algorithm=bit-by-bit-fast

such as

for (int b = @; b < 8; b++)

{
uint bit = crc & 0x49;
if ((data & ox80UL) != 0)
{
bit "= 0x40;
}
data <<= 1;
crc <<= 1;
if (bit != 0)
{
crc = 0x09;
}
}

Note that the final CRC must be ANDed with Ox7F.

The CRC seed is zero and is calculated over the start, transmitter, command ID, and
argument fields. The resulting CRC is compared for equality with the CRC from the
message.

Some examples are:

An APP_CMD (55) command that prefixes a SD specific command
Bytes: 0x770000000065

Bits: 0 1 110111 00000000000000000000000000000000 0110010 1
Fields:
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» Startbit=0

= Transmitter = 1

= Command = 55 (decimal)
=  Argument = 00000000

= CRC = 0x32

= Stopbit=1

The CRC can be generated by feeding 0x77, 0x00, 0x00, 0x00, 0x00 into the CRC function
above.

The response to the APP_CMD

Bytes: 0x370000012083

Bits: © © 110111 0000VRVVVVVV00VVVV0000100100000 1000001 1
Fields:

= Startbit=0

» Transmitter = 0 (this is a response)
= Response = 55 (decimal)

= Argument = 00000120

= CRC = 0x41

= Stopbit=1

The response to CMD3 SEND_RELATIVE_ADDR

Bytes: 0x03B368050019

Bits: © 0 000011 10110011011010000000010100000000 0001100 1
Fields:

= Startbit=0

= Transmitter = 0 (this is a response)
= Response = 3 (decimal)

=  Argument = 0xB3680500

= CRC = 0x0C

= Stopbit=1
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Note that this cards Relative Card Address (RCA) is 0xB368

3.10.8 Data
Data has the following format:

Bit # Value = Name
4113 1 0 Start bit
4112-17 512*8 Data bits
16-1 16 CRC

0 1 1 Stop bit

Note that this is for a typical transfer of a block of 512 bytes. The host knows from the
command that was sent how many bytes to expect back. There is no other way of knowing
the message length.

The CRC is is the ITU-T V.41 16 bit CRC with polynomial 0x1021. A table driven version can
be found in the Linux kernel under lib/crc-itu-t.c. Note that there is no such thing as 'the'
CRC16 so make sure you get the right one.

Unlike the commands or responses the CRC is calculated over all of the data bytes and does
not include the start bit. The calculated CRC is checked for equality with the received CRC.

PENDING: Add an example data message with CRC.

3.10.9 Handover

The CMD and DAT lines are bidirectional. Handover occurs at the end of a command where
both the host and the card switch to input mode for two clocks before the card starts driving
in push/pull mode. Some commands must be responded to in a fixed number of clocks but
most allow an arbitrary time before the response must start.

3.10.10 Initialisation
To initialise a SD or SDHC card, send the following:

= Write 74 clocks with CMD and DAT high
= Write CMD@ GO_IDLE_STATE. This will reset the card.

= Write CMD8 SEND_IF_COND for 3.3 V parts. If any SDHC cards are
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present then you will get a wired-OR response with 0x3F as the command and OxFF as the
CRC and stop bit. Note that this must be sent or SDHC cards will not respond to the
following steps

= Write CMD55 APP_CMD
= Receive a 55 response

= Write ACMD41 SD_SEND_OP_COND
= Expect a wired-OR response with 0x3F as the command and OxFF as the CRC and stop

bit
= Check the ready bit in the previous response. If the card is not
ready then repeat the CMD55/ACMD41 until it is

=  Write CMD2 ALL_SEND_CID

= Expect a wired-OR response with 0x3F as the command and OxFF as the CRC and stop
bit

=  Write CMD3 SEND_RELATIVE_ADDR

= Expect a 3 response. The upper two bytes of the argument is the

Relative Card Address (RCA) which is used in the next step
= Write CMD7 SELECT_CARD with the RCA
= Expect a 7 response
The card is now selected and ready to transfer data. See Figure 4-1 'SD Memory Card State

Diagram' in the simplified spec for more information.

See section 4.7.4 'Detailed Command Description' in the simplified spec for more
information on the commands and responses.

MMC cards are initialised using a similar but different method.

An example flow captured from Linux on a SC2440 is:

Phase Command Response Notes

Page

38



@ !EAR1;HPE|C)PLE
B @ n o o g

MaxProLogic Development System User Manual

CMDO

CMD55

ACMD41
SEND_OP_COND

CMD55

ACMD41

CMD55

ACMD41
SEND_OP_COND

CMD2
ALL_SEND_CID

CMD3
SEND_RELATIVE_A
DDR

4000000000
95

7700000000
65

6900100000
5F

7700000000
65

6900100000
5F

7700000000
65

6900100000
5F

4200000000
4D

4300010000
7F

None

370000012083

3FOOFF8000FF

370000012083

3FOOFF8000FF

370000012083

3F80FF8000FF

3F1D4144534420202010A0400BC1008
8ADFF

03B368050019

Card
is
busy

Card
is still
busy

Card
is
ready

RCA
of
0xB36
8

Note the missing CMD8 as this controller does not support SDHC. I didn't capture the final

CMD?7.

3.10.11 Reading

Once initialised reading from a card is straight forward.

To read a single page:

= Send CMD17 READ_SINGLE_BLOCK with the offset to read from as the argument
= Receive on the DAT lines

= Send CMD12 STOP_TRANSMISSION once the block has been received
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To read consecutive pages:

= Send CMD18 READ MULTIPLE_BLOCK with the starting offset as the argument
= Receive as many blocks as you want on the DAT lines

= Send CMD12 STOP_TRANSMISSION once the done
Note that there will be a response to these commands and the response may be interleaved
with the data. See Figure 3-3: (Multiple) Block Read Operation for more information.

On SDHC cards the offset is in terms of 512 byte blocks. On SD cards the offset is in bytes
and the number of bytes received depends onCMD16 SET_BLOCKLEN

3.11 Power Input

The MaxProLogic is designed to be operated from one of four different power sources:

e Standard USB cable from Laptop/PC.

e +5VDC wall charger (phone charger) through USB cable.

e +4.5t0+5.5 VDC supplied through the DC power jack.
This provides power for a high-efficiency switching regulator on-board to provide +3.3 VDC.
The power supply provides reliable power under dynamic loads and high frequency switching
internal to the FPGA.

3.12 On/Off Control
The MaxProLogic is equipped with an On/Off circuit. This circuit consists of a push button
switch that is momentary contact and a MAX16054 controller chip. The controller senses the
change in state of the momentary switch and drives the output “PWR_ENABLE” signal to the
+3.3 VDC power supply. The enable pin of the TPS54229 has the following truth table:

Enable Pin | Output of
TPS54229
High +3.3V
Low ov
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Inverter

Use the Pushbutton SW1 to turn the power on to the MaxProLogic.

The TPS54229 Synchronous Buck Regulator will take any noisy input power and provide a
smooth stable output. It has a fast transient response with a large inductor on the output.
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The MAX16054 Controller chip also has a ‘CLEAR’ input. This input allows secondary device
to cause a shutdown. The CLEAR input has the following truth table:

Clear Pin Output of
TPS54229
High +3.3V
Page
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Low ov

The On/Off controller can be bypassed and allow the MaxProLogic to power up whenever power
is applied. The JMP2 provides the bypass. Set the jumper to the ‘1’ position to use the On/Off
pushbutton switch. Uses the ‘2 position to allow the MaxProLogic to power up with board
power.

3.13 Communications Interface
The MaxProLogic is equipped with a communications port that is compatible with FTDI
Breakout Boards. It is a 6 pin female header that connects directly with most Breakout boards.
The Communications Connector provides a path between the FTDI Breakout Board and the
MAX10 FPGA. It brings both the RX and TX signals into the FPGA at the following pins.

Communications | MaxProLogic FPGA Signal MAX 10 Pin
Connector-Pin Schematic Number
Number Signal
J9-1 NC -
J9-2 RX COMMS _UART RX 92
J9-3 TX COMMS UART TX 93
J9-4 VCC -
J9-5 NX -
J9-6 GND -
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The MaxProLogic Communications Interface is compatible with both +5V and +3.3V Breakout
Boards. The JMP1 provides a user selection jumper to select the +5V and +3.3V interface. There
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are two 74LVVC1G17 Schmitt Trigger chips to provide voltage level compatibility with the
FPGA.

The FPGA must run Verilog code to perform the full duplex UART communications. The code
must decode in the incoming RX signal and produce the outgoing TX signals with an accuracy of
greater than 99%. This means up to 1% error is acceptable. The UART signals are based on a
protocol. Where the UART protocol indicates one start bit, eight data bits and one stop bit.

LEAST MOST
SIGNIFICANT SIGNIFICANT
BYTE BYTE

BITO BlT1IBIT2|BIT3 BITDIB|T1|BITZ BIT3

T T L)

XX XX

.

START BIT BTOF BIT
BIT3  BIT2 BIT1 BITO BIT3 BIT2 BIT1 BITO
0 1 1 1 0 1 0 1
8*0=0 4*1=4 2*1=2 1*1=1 8*0=0 4*1=4 2*'0=0 1*1=1

MOST SIGNIFICANT BYTE LEAST SIGNIFICANT BYTE

Each bit of the protocol must assert in the allocated time slot for each bit. What this means is that
the clock used to time each bit of the protocol is embedded in the data. Both the sending device
and receiving device must use the same clock rate. This embedding of the clock into data rate is

called the baud rate.

The baud rate describes the data rate in bits per second. The timing diagram for a baud rate of
115,200 is 8.68 microseconds per bit.
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95.48

usec

8.68 8.68 8.68 8.68 8.68

usec usec
8.68 868 868 US®C geg USGC ggg USEC
useac usec

usec usec usec

8.68
usec

START BIT 8 DATA BITS / STOP BIT

For the incoming RX signal, the FPGA must sample each bit of the protocol at four times per bit.
This sampling rate is critical as the sending device clock and the receiving device clock are not
synchronized. If the sampling rate is too low, a transition may be missed. If the sampling rate is
only two times greater than the period of the receive device clock, samples could fall in the rising
of falling edge of the received signal. Any time a sample occurs on the rising or falling edge, it
runs the risk of reading a metastable result or undetermined result.

SAMPLING MUST
OCCUR AT THE RATE >
FOUR TIMES PER

PERIOD | \

ONE PERIOD IS
ONE BIT

The Verilog code is written so that a special Baud Rate Clock is used to drive the UART Receive
Block.
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UART
BAUD MAIN
RATE CLOCK
CLOCK
: L RXD
BAUD RATE CLOCK DRIVES BIART TOP LEVEL XD FTDI USB TO
THE SAMPLING OF THE : UART
RECEIVE SIGNAL \ .......................... ; .[

RECEIVE

TRANSMIT

This code will use the Baud Rate Clock to drive a conditional if statement. The if statement will
branch when a transition occurs and records the state of the signal (1 or 0). The Baud Rate Clock
must be set to four times the incoming signal bit rate.

3.14 JTAG Interface
The MaxProLogic has a 5x2 header for use in programming the MAX10 FPGA via JTAG. The
connector is located in the bottom right corner of the MaxProLogic. It is shrouded and keyed to
allow easier insertion.
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This connector uses the standard Altera Blaster connector plnout

TCK 4 1| 2 |- GND
™0 - 3| 4 |- VCCITRGT)
T™MS 5|6} NC
=8 B
™ - 9|10 anp

JTAG CONNECTOR

The VCC(TRGT) is set to +3.3V on the MaxProLogic. There are no jumper settings to make in
order to program the MAX10 FPGA. Just connect a compatible Blaster to the connector and the

PC, then use the Quartus software to program the FPGA.
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4 Powering the MaxProLogic
You can run the MaxProLogic from a laptop with 2.5W of power. Or you can run it from the
+5V @ 2A wall USB chargers for 10W of power. The barrel connector can handle up to +5.5V
@ 3 A for 15W of power.

e Standard USB cable from Laptop/PC.

e +5VDC wall charger (phone charger) through USB cable.

e +4.5t0+5.5 VDC supplied through the DC power jack.

BARREL CONNECTOR USB-C CONNECTOR

+5VDC - +6VDC PM

INNER CONDUCTOR GND ON OUTER
CONDUCTOR
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The barrel connector is the typical size used on many popular DIY boards such as the Arduino
series. It has the following mechanical specs:

e 2.0mm Inner Diameter

e 5.5mm Outer Diameter
The barrel connector does not include a diode protection to prevent reverse polarity connection.
So, care must be exercised when connecting up your cable to the barrel connector. Please ensure
the correct polarity connections are made before connecting to the MaxProLogic. Also, there is
no discrete protection to the power input. The power supply does include a high current
protection circuit. The current limit is around 4.7Amps. But, the MaxProLogic is only designed
to handle 2Amps of current. So, damage may occur to the MaxProLogic if the user does not
exercise care in design and use of the Inputs/Outputs.

=

Power the MaxProLogic directly from the PC. +5V@0.5A
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Power the MaxProLogic directly from the wall charger. +5V@2A

5 Installing Quartus
You must install Quartus Prime to configure the CycloFlex. Altera Quartus Prime must be
downloaded from the Altera website.

Download the Quartus Prime by following the directions in the Section Downloading Quartus.

5.1.1 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:

Intel FPGA Quartus Prime Lite

**Please be advised, Intel is prone to changing their website graphics every few months.
The guide below is several months out of date. Please follow the latest instructions on the
Quartus Prime Lite Download website. The instructions here are only meant as a guide to
getting the software downloaded.**
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You will first need to apply for an account with Intel. Then use your login and password to
access the download site. Click on the Download Windows Version.

PRODUCTS ~ SUPPORT  SOLUTIONS  DEVELOPERS  PARTNERS  FOUNDRY R Heoess Q, search Intel.com

ftware Download Center v

Intel® Quartus® Prime Lite Edition Design Software Version 221 for
Windows

D Date Software Type Software Package Version Operating Systems

A newer version of this software is available, which includes functional and security updates. Customers should click here to update to the latest version.

seqpasy

The Intel® Quartus® Prime Lite Edition Design Software, Version 22.1 includes functional and security updates. Users should keep their software up-to-date
and follow the technical recommendations to help improve security. Additional security updates are planned and will be provided as they become available.
Users should promptly install the latest version upon release.

Intel® Quartus® Prime Lite Edition Design Software, Version 22.1 is subject to removal from the web when support for all devices in this release are available in
a newer version, or all devices supported by this version are obsolete. If you would like to receive customer notifications by e-mail, please subscribe to our

subscribe to our customer notification mailing list

If you are using floating license server for Intel FPGA software, you need to upgrade to the latest license daemon software (v11.18.2.0). Intel FPGA software,
version 22.1, doesn't work with old version of daemon software. You can download the daemon software from this link

To find software versions that support specific device families:
« Refer to the Device Support List

« Use the Software Selector

Critical Issues and Patches for the Intel® Quartus® Prime Lite Edition Software, Version 22.1
Knowledge Base: Search for Errata.

Scroll down the page to the “Downloads” section.
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Critical Issues and Patches for the Intel® Quartus® Prime Lite Edition Software, Version 22.1.
Knowledge Base: Search for Errata.
Problems and Answers on specific IP or Products.

Multiple Download Individual Files Additional Software Copyleft Licensed Source

Multiple Download

Intel® Quartus® Prime Lite Edition Software (Device support included)

Size: 5.5 GB
Quartus-lite-22.1std.0.915-windows.tar SHA1: 86cd25b014999bbbb4c2f0a38bfc3442438759d4

Download

** Nios® Il EDS on Windows requires Ubuntu 18.04 LTS on Windows Subsystem for Linux (WSL), which requires a manual installation.
** Nios® Il EDS requires you to install an Eclipse IDE manually.

** Total space required is 26.10 GB including tar file (5.48 GB), untarred files (5.48 GB) and installation (15.13 GB)

What's Included?

Yoeqpeey

Download and install instructions:
1. Download the software .tar file and the appropriate device support files.
2. Extract the files into the same temporary directory.
3. Run the setup.bat file.

Read Intel® FPGA Software Installation FAQ

Note: The Intel® Quartus® Prime software is a full-featured EDA product. Depending on your download speed, download times may be lengthy.

Detailed Description

System Requirements:
Operating System Support

Minimum Disk Space for Intel® FPGA Software

Click on the “Download Quartus-lite-22.1 xxxxxx Windows Tar.
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Critical Issues and Patches for the Intel® Quartus® Prime Lite Edition Software, Version 22.1.
Knowledge Base: Search for Errata.
Problems and Answers on specific IP or Products.

Downloads

Multiple Download Individual Files Additional Software Copyleft Licensed Source

Multiple Download

Intel® Quartus® Prime Lite Edition Software (Device support included)

Size: 5.5 GB
Download
Quartus-lite-22.1std.0.915-windows.tar SHA1: 86cd25b014999bbbb4c2f0a38bfc3442438759d4

(G5 L on Windows Subsystem for Linux (WSL), which requires a manual installation.
** Nios® Il EDS requires you to install an Eclipse IDE manually.
** Total space required is 26.10 GB including tar file (5.48 GB), untarred files (5.48 GB) and installation (15.13 GB)
What's Included?

Yoeqpeey

Download and install instructions:
1. Download the software .tar file and the appropriate device support files.
2. Extract the files into the same temporary directory.
3. Run the setup.bat file.

Read Intel® FPGA Software Installation FAQ

Note: The Intel® Quartus® Prime software is a full-featured EDA product. Depending on your download speed, download times may be lengthy.

Detailed Description

System Requirements:
Operating System Support

Minimum Disk Space for Intel® FPGA Software

Click through the Legal Stuff.

Page

54



@ TEARTHPEOPLE

e ¢ h n o | o g Yy

MaxProLogic Development System User Manual

(intel)  software License Agreement

Legal Disclaimer

PLEASE NOTE: This version of software ("Software") does not contain the latest functional
and security updates. In order to use this version, you must first acknowledge the following
term, which supplements and supersedes any inconsistent provision in the version of the
Intel & FPGA Software License Subscription Agreement for the product (e.g.. Intel®
Quartus® Prime Software, Intel® HLS Compiler, Intel® FPGA SDK for OpenCL™, DSP
Builder for Intel® FPGAs, or Advanced Link Analyzer) with which vou use the Software:

Intel does not give or enter into any condition, warranty, or other term:

1 with respect to any malfunctions or other errors in its Software caused by virus.

infection, worm or similar malicious code not developed or introduced by Intel; or

il. to the effect that any Software will protect against all possible security threats,
including intentional misconduct by third parties. Intel is not liable for any downtime or
service mterruption, for any lost or stolen data or systems, or for any other damages
ansing out of or relating to any such actions or mtrusions or resulting from use of
Software. Intel does not give or enter into any condition_ warranty. or other term with

respect to interoperability.

Intel does not warrant or assume responsibility for the accuracy or completeness of any
information, text. graphics, links or other items within the Software. Please click “Accept”
below to continue the download process.

Terms of Use | Privacy | Legal Information | © Intel Corporation

This will start the download.
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GoogleMaps [ EPT [ Banks [ El [0 News [ Music [ Pay [ Markets [J Reference

e [ Tickets [ Nights

( i/;D Software License Agreement

Thank you. Your document should download automatically.

If the file does not start to download, please click this link

Terms of Use | Privacy | Legal Information | @ Intel Corporation

CHECK THE DOWNLOAD PROGRESS

The file is 13.9 GB (or greater), so this could take a couple of hours depending on your internet
connection. When download is complete, store the *.tar file in a directory on your PC.
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¥ = | C\Jolly\Downloads\Altera_Intel_FPGA\Quartus Prime 20
Home Share View

« v > ThisPC » Local Disk (C:) » Jolly » Downloads » Altera_Intel FPGA » Quartus Prime 20.1
Code FPGA 6 MName Date modified
Documents
Th
Downloads
Allegro

Altera_Intel_FPGA
Quartus Prime 16 *
Quartus Prime 17.1
Quartus Prime 181
Quartus Prime 20.1

AtmosFX

Camtasia

FTDI

HyperSerialPort

E l = | C\Users\nelso\Downloads

File Home Share View

+ ; » This PC » Local Disk (C:) » Users » nelso » Downloads

3 This PC 2

MName
- 3D Objects ~ Today (1)
[ Desktop D Quartus-lite-20.1.0.711-windows. tar
@ Documents . -
CaliicT s WETK (1)
Download
¥ Downloads Label-501986027.pdf
J‘! Music
_ ~ Last week (1)
&= Pictures
g vid Label-501432798,pdf
Ideos
i Local Disk (C3) v ¥ Lastmonth (18)

Use a tool such as WinZip to Extract the *.tar file.
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2 BB P (uartus-te-20.1.0.711-windows - WinZip Evalustion Version - 21 days ef

Unzip/Share Edit

Files # -

< Files

Recent Zip Files

gy Quartus-lite-20.1.0.7....tar
“al | Quartus Prime 20.1

Browse & Manage Files

§ Yy Frequent Folders
a9

m This PC

= 643 GB free of 930 GB
[‘, Network

§ ¥ Shared Files
L

T

Add Cloud

[ BUY NOW |
Quartus-lite-20.1.0.711-windows.tar

Settings View Help Buy Mow

Activate WinZip before your trial runs out!

>
components Date modified: 6/6/2020 6:33 PM
Type: Folder
readme.txt Date modified: 6/6/2020 7:09 PM

Type: Readme Document Size: 851KB =+ 851 KB

setup.bat Date modified: 6/6/2020 7:09 PM
= Type: Windows Batch File Size: .O7KB + 1.07KB
D3 item(s) Zip File: 11 item(s), 5.90 GB

The tool will unpack all files.

WinZip —

Extracting ModelSim5etup-20.1.0.711-windows.exe

..........................................

I l 3
Purchase risk-free TODAY from our secure online shop. @' mﬂw*u'.guﬁ &

Actions
Unzip All Files

E Unzip to: v
=\Quartus-lite-20.1...

Convert & Protect Files
When adding files to this Zip file:

a Encrypt .
E] Reduce Photos
Q Remove Info

E‘_ Convert Photos
% Convert to PDF

E% Combine PDFs

_I_ Watermark

5.1.2 Quartus Installer
When the unpacking finishes from the previous section, double click the setup.bat file in the

download folder.
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B B B - | CVoll\Downloads\Altera_Intel FPGA\Quartus Prime 20.1

File Home Share View

e IJ o cut : X B Mew item = @ open - HH selectal

w-| Copy path ﬂ Easy access =
Pinto Quick Copy Paste

Edit Select none
Move Co Delete Rename HNew Properties
access d Paste shortcut to t.jpy - falder pv £ History DD Invert selection
Clipboard Organize Mew Open Select
“« v A » ThisPC » Local Disk (C:) » Jolly » Downloads » Altera_Intel FPGA » Quartus Prime 20.1
~
Quartus Prime 16 -~ Name Date modified Type
Quartus Prime 17.1 components File folder
Quartus Prime 18.1 2 Quartus-lite-20.1.0.711-windows.tar WinZip File
> Quartus Prime 20.1

Text Docurnent
AtrnosFX Windows Batch File
Camtasia
FTDI

HyperSerialPort

Click “Next” on the Introduction Window.
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v Installing Quartus Pnme Lite Edition (Free) 20.1.0.711 — O
Setup - Quartus Prime Lite Edition (Free) 20.1.0.711

Welcome to the Quartus Prime Lite Edition (Free) 20, 1.0.711 Setup Wizard,

The Quartus Prime software requires that your system have sufficient physical RAM to compile designs
targeting specific devices. You can check the "Memory Recommendations™ section in the "Quartus Prime
Software and Device Support Release Notes™

(https: { fwww.intel. comjcontentfwww fus fen fprogrammable fdocumentation fit-rn. himl) for detailed
memory requirements for a particular device,

For more information about Intel FPGA software, go to
https: /fwww.intel.comjcontent/www jus fen/products fprogrammable. html.

< Back Mext > Cancel

Click the checkbox to agree to the license terms. Then click “Next”.
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v Installing Quartus Pnme Lite Edition (Free) 20.1.0.711

License Agreement ( intel,

You can view the full license agreement at the link below or use --nstall_lic option from command-ine to get the license agreement
files befare the installation. You must accept the terms of the agreement before continuing with the installation.

http: {{fpgasoftware.intel. comeula/

QUARTUS PRIME AND INTEL FPGA IP LICEMNSE AGREEMENT, VERSION 20.1 ~

Intel, Quartus and the Intel logos are trademarks of Intel Corporation
or its subsidiaries in the US and other countries. Any other
trademarks and trade names referenced here are the property of their
respective owners.

DO NOT DOWNLOAD, INSTALL, ACCESS, COPY, OR USE ANY PORTION OF THE

LICENSED SOFTWARE UNTIL YOU HAVE READ AMD ACCEPTED THE TERMS AND

CONDITIONS OF THIS AGREEMENT. BY INSTALLING, COPYING, ACCESSING, OR W
£ >

(®) I accept the agreement
Do you accept this license?
() 1 do not accept the agreement

InstallBuilder

< Back Mext > Cancel

Click “Next” and accept the defaults.

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).
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v Installing Quartus Pnme Lite Edition (Free) 20.1.0.711

Select Components

Select the components you want to install

= [#] Quartus Prime Lite Edition (Free) Installs Arria II device support, (536, 5MB)
i Quartus Prime {indudes Nios II EDS) (9313MB)
Quartus Prime Help {508.4ME)
Devices
W :Arria 1T (536.5MB)
Cydone IV (516.3MB)
Cydone 10 LP {293.5ME)
Cydone v {1434, 3MB)
[ MAX IV (13.1M8)

‘.. [] MAX 10 FPGA (360.3MB)
Modelsim - Intel FPGA Starter Edition (Free) (4318,8MB)
- [] ModelSim - Intel FPGA Edition (4318.8MB)

InstallBuilder
< Back Mext = Cancel

Click “Next” to accept the defaults
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v Installing Quartus Pnme Lite Edition (Free) 20.1.0.711

Ready to Install intel.

Summary:

Installation directory: C:intelFPGA_lite\20. 1
Required disk space: 16750 MB
Available disk space: 657864 MB

InstallBuilder
< Back Mext = Cancel

Click “Next” to accept the defaults
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v Installing Quartus Prime Lite Edition (Free) 20.1.0.711

Installing @

Wait while Setup installs Quartus Prime Lite Edition (Free) 20.1.0.711

Installing
Unpacking files
InstallBuilder
< Back Mext = Cancel
Wait for the installation to complete.
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Mailings Review View Help | O Installing Quartus Prime Lite Edition (Free) 20.1.0.711

Emphag

Installing

|
=
Eatagiapt B | Wait while Setup installs Quartus Prime Lite Edition (Free) 20.1.0.711

| Installing
Installing ModelSim - Intel FPGA Starter Edition (Free)...

L I R BRI SRR B

Tha Ales Fromale frshad rataieg the
= Quartua T Web B {Foee] (nchdes sion T £D5)
" Motesm Ak Sunar ot (Frexl

LALANARY

=

Stan Qs B 2.3
41 s I Subsrten Loesss

THate Desktog Shartouts

¥ Quaartan 1 Wl Esiton [Fres]) andi Hios 11 ST | Mas I G004 Togkhan
¥ ModeimAtera Stater Edtion (Free)

— ¥ Installing ModelSim - Intel FPGA Starter Edition 20.1.0.711

he Qua Installing
Installing ModelSim - Intel FPGA Verilog model files...

arto (I

s ¢ EathPeople Technology ® EPT USS-CPLD Developenent 5y5

einfibrary »  Hew folder
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v Installing Quartus Pnme Lite Edition (Free) 20.1.0.711 — O
Quartus Prime Lite Edition (Free) 20.1.0.711 Installation Complete

Setup has finished installing Quartus Prime Lite Edition (Free) 20.1.0.711.
Launch LUSE Blaster II driver installation

Create shortcuts on Desktop

Launch Quartus Prime Lite Edition

] Provide your feedback

< Back Finish Cancel

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

Page

66



@ !EAR1;HPE|C)PLE
g £ n o o g

MaxProLogic Development System User Manual

¥ Quartus Prime 20.1 Lite Edition

Thank you for installing the Quartus Prime software - the #1 in performance and productivity. To
upgrade to a full featured edition, please

https:/fwww.intel. com/contentfwwwius/enfproducts/programmable himl

Select one of the following licensing options to continue:

Select one of the following options

O Buy a Quartus Prime software license

(Z) Run the Quartus Prime software

() Add an IP license file (for users who have purchased IP)

OK Cancel

At this point the Quartus Prime Lite software is installed. Go to the Windows button and type in
“quartus” at the search prompt.
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Jeortant hansnubiiclan Inradiicte Larnmmmm mahla himl |

vin

Q quar‘tus|

| & m Apps Documents  Weh Settings Folders Et » sz T ON e 4

- v
2ri
il Best match
I G Quartus (Quartus Prime 20.1)
_ App
$ Apps Quartus (Quartus Prime 20.1)
P App
G Quartus (Quartus Prime 23.1std) »
i}
2te == ModelSim - Intel FPGA Starter 5 @ Open
ch Edition Model Technology
>
‘g Programmer (Quartus Prime 20.1) >
Recent
Documents
IG EPT 10CLO16_AF T2 Top.gpf - in EPT 10CL016 AF T2..
quartus2.qreg > & EPT 10M04 AF S2 Top.gpf - in EPT 10M04 AF 52 Top
SO e & EPT 10MO4_AF 52 Top.gpf - in EPT 10M04_AF 52 Top
@] EPT_10MO4_AF_S2_Top.qpf - in EPT_10M04_AF 52 Top
ﬂ Quartus >
|3 EPT 4CE6 AF D1 Top.gpf - in EPT 4CE6 AF D1 Top
Q. quartus prime 2 {3 EPT_aCE6_AF_D1 Top.gpf - in EPT_4CE6 AF D1 Tap F
— vartus ii 5) |3 EPT_4CE6_AF_D1_Top.gpf - in EPT_4CES_AF_D1_Top =
q

[@ EPT_10M04_aF_S2_Top.qpf - in EPT 10MD4_AF_52_Top

l Q. quartus download > . I

|G EPT_10CLD16_AF_T2_Top.gpf - in EPT_10CLOTG_AF T2...

The Windows Search should locate the installed version of Quartus. Click on the icon and the
software should load properly. If this does not occur, contact Earth People Technology for
support. There are three methods to contact EPT for support:

https://www.earthpeopletechnology.com->Forums
support@earthpeopletechnology.com
sales@earthpeopletechnology.com
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6 Compiling, Synthesizing, and Programming the FPGA

QUARTDS: \
PRIME /

DESIGN SOFTWARE

The FPGA on the EPT-10M04-AF-S2can 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 Lite 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 Lite 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.

6.1 Setting 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 Lite. Writing the HDL code and simulating it will be covered in
later sections. Bring up Quartus Prime Lite, then use Windows Explorer to browse to
c:/altera/xxx/quartus/qdesigns create a new directory called: “EPT_10M04_AF_Blinky”.

@@-| » Computer » Gateway (C) b altera » 121spl b quartus » qdesigns b ~ %2 [ Search qdesigns 2 '

Orgonize + [ Open  Includeinlibrary +  Sharewith v Bum  New folder =~ 0 @

bin * Neme Type Size

M Filefolder
File folder
File folder
M Filefolder

EPT_Transfer_Test
fir_filter

incr_comp_makefile

uuuuuu

vhdl_verilog_tuterial

@
EPT_Transfer_Test Date modified: 3/13/2013 8:52 PM
File folder
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Open Quartus Prime Lite by clicking on the icon

@ Quartus I 32-bit

ot

Fle Edt View Project Assignments Processing Tools Window Hep &7 Search altera.com &

DEHG & sB2@ o[ === C[E¥YsEee T VD &8

TRV RPRBCEEY M e &

Project Navigator 28 x Tak

p Y —— Now Available axe an
ompilation Hierarchy

Online Training
Class for Free

By vierarchy | B) Fles | & Design Units |

AR
Y M OUARTUS 11|

Task

- Version 12.0
4 W Compile Design
& Synthesi E

©  Documentation

; X V¥ <<Search>> v
@ || Type Message
i 3
at\ System_/\_Pracessing /\ ExtraInfo /\_Info /\ Warning /'_Critical Warning /% Error /\ Suppressed /\ Flag /
§| 2| [Location:

Locate

0%  00:00:00

Under Quartus, Select File->New Project Wizard. The Wizard will walk you through setting up
files and directories for your project.
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€4 Quartus T 32-bit _— T
File | Edit View Project Assignments Processing Tools Window Help &
O New.. Ctrl+h -] @
= Open. Ctrl+0 =
L s e 2T B
Close Ctrl+F4
&) mew Project Wizard. . Now Available
E  Open Project... crl+d Quartus® |l
Save Project Software v12.0 SP2
Close Project .
i &
» Download %
H sawe ctrl+s E
Save As...
G save sl Ctrl45hift+5

File Properties. ..

Create { Update 3
Export...

Convert Programming Files. ..

B] PageSetp...
& Print Preview
& print... Cirl+p
W

Recent Files 3

Recent Projects 3

Exit Alt+F4
E System S\ Processing /\ Extra Info /\_Info /\ Warning J3_Critical Warning /\ Error J\ =

Location:

Starts the New Project Wizard

At the Top-Level Entity page, browse to the c:/altera/xxx/quartus/qdesigns directory to store
your project. Type in a name for your project “EPT_10M04_AF_S2 Top”.
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@ NewPrject Waard r —em——on = . N

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

What is the working directory for this project?

i faltera/12, 1sp 1/quartus fadesigns/EPT _Transfer_Test E]
Vihat is the name of this project?

EPT_570_AP_U2 Top E]
What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity name in the design file.
EPT_570_AP_U2 Top E]

Use Existing Project Settings...

<Back | [ Mext> J[ Fnmsh ][ cancel ][ e

Select Next. At the Add Files window: Browse to the \Projects HDL\EPT_10MO04_AF_Blinky
\src folder of the EPT USB-FPGA Development System CD. Copy the files from the \src
directory.

e EPT_10M04 _AF S2 Top.v
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. Settings - EPT_S70_AP_Transfer_Test

Categary:
General les
Files
Libraries Select the design files you want to indude in the project. Click Add All to add all design files in the project directory to the project.
4 Operating Settings and Conditions
Valtage File name: (] Add
Temperature
4 Compilation Process Settings Type
Early Timing Estimate JEPT USB-CPLD Development System CD Projects_HDLEPT_Transfer_Test/srcfwrite_control_logic.v Verilog HOL File
Incremental Compilation JEPT USB-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/srcfread_control_logic.v Verilog HOL File Remove
Physical Synthesis Optimizations JEPT USB-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/src/mem_array.v Verilog HOL File
4 EDATool Settngs {EPT USE-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/src/eptWireOR.v Verilog HOL File up
Design Entry/Synthesis JEPT USE-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/src/EPT_S70_AP_U2 Top.v Verilog HOL File
Simulation JEPT USB-CPLD Development System CO/Projects_HDL/EPT_Transfer_Test/src/active_trigger.vqm Verilog Quartus Ma Down
Formal Verification JEPT USE-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/srcfactive_transfer_library.vam Verilog Quartus Ma
| Board-Level JEPT USE-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/srcfactive_transfer vam Verilog Quartus Ma| | Properties
4 Analysis & Synthesis Settings JEPT USB-CPLD Development System CD/Projects_HDL/EPT_Transfer_Test/srcfactive_block.vam Verilog Quartus Ma
VHDL Input
Veriog HOL Input
Default Parameters
Fitter Settings
TimeQuest Timing Analyzer
Assembler

Design Assistant
SignalTap IT Logic Analyzer

Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSN Analyzer

wowysoftware | [ ok | [ cancel ][ apoly |[ rep

Select Next, at the Device Family group, select MAX Il for Family. In the Available Devices
group, browse down to 10M04SAE22 for Name.
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a Mew Project Wizard

Device family

Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

Family: [MAX II

7

Devices: [AJI

7

Target device

() Auto device selected by the Fitter

Other: nfa

Available devices:

@ Specific device selected in 'Available devices' list

Show in 'Available devices' list

Package:  [Any |
Pincount:  [Any |
Speed grade: [Any -
MName filter:

Show advanced devices HardCopy compatible only 8

Name Core Voltage LEs UFM blocks - |
EPM570T100C3 3.3V 570 1
EPM570T100C4 3.3V 570 1
EPM570T100CS 3.3V 570 1
EPM570T100I5 3.3V 570 1 1
EPM570T144A5 3.3V 570 1 M
EPMS70T144C3 3.3V 570 1
EPMS70T144C4 3.3V 570 1
EPM570T144C5 3.3V 570 1 il
Companion device Sy
1]
HardCopy:
Limit DSP & RAM to HardCopy device resources
[ < Back ] [ Mext = ] [ Finish ] [ Cancel ] [ Help

Select Next, leave defaults for the EDA Tool Settings.
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a Mew Project Wizard @*

- ¥
EDA Tool Settings [page 4 of 5]
Spedfy the other EDA tools used with the Quartus II software to develop your project.
EDA tools:
Tool Type Tool Name Format(s) Run Tool Automatically
EDesign Entry Synthesis §[<NOI‘IE> '] <MNone> Run this tool automatically to synthesize the
Simulation <Monex * [ <Mone= Run gatedevel simulation automatically after
Formal Verification <MNone>
Symbol
En—
|
I
] M +
< Back ] [ Mext = ] [ Finish I [ Cancel ] I Help

Select Next, then select Finish. You are done with the project level selections.
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-
ﬁ. New Project Wizard Léj
Summary [page 5 of 5]
When you dick Finish, the project will be created with the following settings:
Project directory: C:faltera/12.0sp1/quartus/gdesigns
Project name: Active_Transfer_Example
Top-evel design entity: Active_Transfer_Example
Number of files added: 7
Mumber of user libraries added: 0 I
Device assignments:
Family name: MAX IT
Device: EPM570T100CS
EDA tools:
Design entry/synthesis: <MNone> {<Mone>)
Simulation: <None:> (<None:>)
Timing analysis: 0 ||
Operating conditions: I
WCCINT voltage: 3.3
Junction temperature range: 0-85°C
<Back lext > Fsh | [ cancel | [ hep

Next, we will select the pins and synthesize the project.

6.1.1 Selecting Pins and Synthesizing

With the project created, we need to assign pins to the project. The signals defined in the top
level file (in this case: EPT_10MO04_AF_S2 Top.v) will connect directly to pins on the FPGA.
The Pin Planner Tool from Quartus Prime Lite 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.
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i PET——

Search altera.com

&) Quartus Il 64-Bit - C:/altera/12.1spl/quartus/qdesigns/EPT_Transfer_Test/EPT_570_AP_U2_Top - EPT_570_AP_UZ_Top o

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

DeHa %584
Project Navigator

Entity TimeQuest Timing Analyzer Wizard...
iy MAXT: EPMSTOTI00CS | Assignment Editor NI ioad Subscription Edlition Free 30-Day Trial

> EPTST0.AP_U2 Topt = .
& PinPlanner Ctrl+Shift~N MEASURABEE A

* Device...

" Settings... Ctrl+Shift+E

S HGO 0 rg OO @B A O

[

Remave Assignments...

i Back-Annotate Assignments...
Import Assignments.
Export Assignments..

Assignment Groups...

LogicLock Regions Window AltsL

o

Design Partitions Window

A Hierarchy Emes | e

— == QUARTUS®II

Tk Version 12.1

4 B Compile Design
& B Analysis 8 Synthesis
B Fitter (Place & Route)
[ P Assembler {Generate programmin..
> B TimeQuest Timing Analysis
b EDA Netlist Writer
i Program Device (Open Programmer)

"=  Buy Software

View Quartus Il
® Information

@ Documentation
0 v

«
g )] T <<Searchi> v
7

Type ID Message

« ’
=\ _system f\ Processing /

Imports assignments from other sources 0%  00:00:00

lessages

At the Import Assignment dialog box, Browse to the \Projects HDL\EPT_10MO04_AF_Blinky \
EPT-10MO04-AF-S2_Top folder of the EPT FPGA Development System DVD. Select the “EPT-
10MO04-AF-S2_Top.qsf” file.

= - RS § (=
Spedfy the source and categories of assignments to import.

File name: echnology/EFT USE-CPLD Development System CD/Projects_HDL/EFT_Transfer_Test/Altera_EPM570_U2/EPT_570_AP_U2_Top.gsf B

Copy existing assignments into EPT_570_AP_Transfer_Test.qgsf.bak before imparting

oc J[ concd J[ rtep |

Click Ok. Under Assignments, Select Pin Planner. Verify the pins have been imported correctly.
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@ Quartus T 64-Bit - Cy/altera/12.1sp1/quartus/qdesigns/EPT_Transfer_Test/EPT_570_AP_U2_Top - EPT_570_AP_U2_Toj = E [
e e e =
File Edit View Project [Assignments | Processing Tools Window Help Search alteracom @
e . T - -
D@ § 5ag?y D $HFQ D rF OO IR P A9
Project Navigator Settings... Ctrl+Shift+E
Entity TimeQuest Timing Analyzer Wizard...
|
|| A MAXE: EPMSTOTI00CS | o e pER [eRTCSPPNN load Subscriplion Edition Free 30-Day Trial
» EPT_S70_AP_U2 Top | -

Pin Planner Ctrl+Shift+N

ANTA
Remove Assignments. OAD N
Back-Annotate Assignments..
Import Assignments...
Export Assignments...

Assignment Groups...

LogicLock Regions Window Al

Design Partitions Window

«

By Hierarchy 1y .
@
= = UARTUS" 11
Flow: [Compiation =] [customie... |
Tk Version 12.1
4 Compile Design
b B Analysis & Synthesis
B Fitter (Place & Route)
b B Assembler (Generate programmin.. w Buy Soft re
» B TimeQuest Timing Analysis
= = EDA Netlist Writer 0 View Quartus Il
Information
U Program Device (Open Programmer)
- & . @ Documentation
=
; T <<Search>> bl
#|Type  ID  Message

Messages

Imports assig

System /\ Processing /

nments from other sources 9%

00:00:03
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The pin locations should not need to be changed for EPT 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.

&5 Pin Planner - Cifaltera/12.1sp1/quartus/qdesigns/EPT_Transfer_Test/EPT_S70_AP_U2_Top - EPT_570_AP_U2 Top = | B |
File Edit View Processing Tools Window Help 5 Search altera.com .@
=) [Report 28 x searsEumEHnEEEE 1

Report not available LPOSIRLLTEATSLEN0 -

© : Top View
) N Wire Band -
=3 : -

Y § %
o, R "
‘o f-
7| |[Tasks pEx i-_f
- # Show /0 Banks - - A “
[E ¥ Show VREF Groups EFMETOT00CS
s # Show Edges :
|z 4[] Show DQ/DQS Pins 8 B
- > 1 Mode i S$COUAVOOUOVO A SE80TATES00
bl K] T 3 I
"~ [%] Named: = - [ Edit: | Fitter Pin: -
HH =
e MNode Name Direction Location 170 Bank /O Standard Reserved Current Strength =
_= 3 ILB_LOWERI[O] ¢ Unknown PIN_52 2 3.3-V LV...default) 16mA (default)
2 # LB_LOWER[L] Unknown PIN_53 2 33-V L. default) 16mA [default)
A 2 LBLOWER[2] Unknown PIN_54 2 33-V LV, default) 16mA (default)
& LB_LOWER[3] Unknown PIN_35 2 3.3-V LV...default) 16mA (default)
b & LB_LOWER[4] Unknown PIN_36 2 3.3-V LV...default) 16mA (default) L ‘
v # LB_LOWER(S] Unknown PIN_57 2 33-V L\...default) 16mA [default) |~
2 LB_LOWER[G] Unknown PIN_58 2 33-V LV, default) 16mA (default)
Ein & LB_LOWER[T] Unknown PIN_61 2 3.3-V LV...default) 16mA (default)
& LB_UPPER[0] Unknown PIN_97 2 3.3-V LV...default) 16mA (default)
# LB_UPPER[1] Unknown PIN_96 2 33-V L\...default) 16mA [default)
# LB_UPPER[2] Unknown PIN_95 2 3.3-V L\..default) 16mA [default)
& LB_UPPER[3] Unknown PIN_92 2 3.3-V LV...default) 16mA (default)
& LB_UPPER[4] Unknown PIN_91 2 3.3-V LV...default) 16mA (default)
# LB_UPPER[S] Unknown PIN_89 2 33-V L\...default) 16mA (default)
# LB_UPPER[6] Unknown PIN_S7 2 3.3-V L\..default) 16mA [default)
& LB_UPPER[7] Unknown PIN_86 2 3.3-V LV...default) 16mA (default)
& LED[O] Unknown PIN_74 2 3.3-V LV...default) 16mA (default)
& LED[1] Unknown PIN_75 2 33-V L\...default) 16mA (default)
P LED[2] Unknown PIN_98 2 3.3-V L\..default) 16mA [default)
& LED[3] Unknown PIN_99 2 3.3-V LV...default) 16mA (default)
& SW_USER_1 Unknown PIN_15 1 3.3-V LV...default) 16mA (default)
 SW_USER_2 Unknown PIN_100 2 33-V L\L..default) 16mA (default)
w| 2 TRIGGERIN_HIGH[0]  Unknown PIN_66 2 3.3-V L\..default) 16mA [default)
/| % TRIGGER IN HIGH[1] Unknown PIN_73 2 3.3-V LV...default) 16mA (default)
=% TRIGGFR TN |OWIOT Lnknnwn PIN 67 -V 1L default) 16mA (default) Sk
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
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http://www.altera.com/literature/hb/qts/qts_qii53018.pdf?GSA_pos=1&WT.oss_r=1&WT.oss=T
imeQuest Timing Analyzer

Browse to the \Projects HDL\EPT_10M04_AF_Blinky \ EPT-10M04-AF-S2_Top folder of the
EPT USB-FPGA Development System CD. Select the “EPT-10M04-AF-S2_Top.sdc” file.
h— |

@U u » Producs ) Earh People Technology » muss CPLD Development Sytem CD b Projects HOL » EPT Transfer Test » Altra PMSN.U2 » =5

Organce »

Telegesis
EPT_570_AP_U2_Top.sdc 2ate: BB Shared = 316 KB sred with: Homegroup

Copy the file and browse to c:\altera\xxx\quartus\qdesigns\EPT_10MO04_AF_Blinky directory.
Paste the file.

Organize v New folder
Narr Size
sopc_builder
B altera_inspectorlog.zip
o || EPT_570_AP_U2 Top.jdi 1KB
[@) epT _570_AP_U2_ Top.qpf 2k8
book E
|| EPT_570_AP_U2_Top.qsf 7KB
Brother
] EPT_S70_AP_U2 Top.qsf.bak 78
CIMTEMP
[ EPT570_AP_U2 Top.sde 1/29/201310:30PM  SDC File 48
8! Document s and Settings
Jolly
Business Opportunities
Capitol_College
Code FPGA
Documents.
Download
Nrivers
EPT_S70_AP_U2_Top.sdc Date modified: 1/20/20131030PM  Date created: 3/13/2013 9:41 PM
SDC File Size: 316 KB

Select the Start Compilation button.
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€4 Quartus T 64-Bit - C=SCER % )
File Edit View Project Assignments Processing Tools Window Help 5 Search altera.com @
DSH@ &2l 9cfjFmnrne.. MY $F¢ 0(r O0EE QP A6
Project Navigator e x
Entity
&%AXE[‘ EPMSTOTI00CS /. R PSS D
o b EPT_S570_AP_U2 Top 7 $/
L 4
L7
b

A Hierarchy IEHes | pesgnunits | 4l

== Tax| . A [J

Fiow: |Complation ~ | [Customize... |

Task

4 I Compile Design
o B Analysis & Synthesis

I » W Fitter (Place & Route) |

| b B Assembler (Generate programmin e  Buy Software |
b B TimeQuest Timing Analysis

| & P EDA Netlist Writer @ Wmﬂﬁ::;}:: I |

Uik Program Device (Open Programmer)

@  Documentation
i B

@ [Crea—— >

Type ID Message

amx||~

5l '
i
=/\_system /\ Processing J

9%  00:00:03

If you forget to include a file or some other error you should expect to see a screen similar to
this:
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£y MAXT: EPMS70TI00CS
4§ EPT_570_AP_U2 Top
8 active transfer:ACTIVE_TRANSFER INST

853 active_trigger:ACTIVE TRIGGER INST
& sync fifo:BLOCK_IN_FIFO

84 active_transfer_library:ACTIVE_TRANSFER L.

14 Quartus I 64-8it - Caltera/121sp/quartus/qgesigns/EPT_Transfer Test/EBTLST0.AP_U2 Top - EPT.STO.AP_U2 Top (| B |28
= Search altera,com @
DEEHE 4 2@ 9 o [Frsneuair Y S D D 9P A e
Project Navigator n@x | @ Compilation Report - EPT_570_AP_UI2_Top a
Entity Table of Contents 15
Flow Status Flow Failed - Wed Mor 13 21:28:50 2013

EH Flow Summary

= Flow Settings

= Flow Non-Default Global Settings
3 Flow Elapsed Time

121 Build 243 01/31/2013 SP 1 §J Web Edition
EPT_570_AP_U2_Top
EPT_570_AP_U2_Top

Quartus I 64-Bit Version
Revision Name
Top-level Entity Name

=2 Flow 05 Summary [Ty i
Device EPMS570T100CS
Flow Log
Timing Models Final

59 active_block:BLOCK_TRANSFER_INST > [ Analysis & Synthesis

B4 eptWireOR:wireOR

Ui Hersrchy | ElFles | o Desipunis | ol
~ @ QuartusT B
Tasks ]
Flow: @ Full Compilation was NOT successful (3 errers, 3 warnings)
Task
X 4 I Compile Design
i P Analysis & Synthesis.
> B Fitter (Place & Route)
> b Assembler (Generate programmin
» B TimeQuest Timing Analysis

> B EDA Netlist Writer

v

U Program Device (Open Programmer)
|

i m

3 < <Searchos
x @ g P <<Search>> v
®lltype ID Message -
\i) 12128 Elaborating entity "eptWireOR" for hierarchy "eptWireCR:wireOR"
(P 12128 Elaborating entity "active_trigger” for hierarchy "active trigger:ACTIVE_TRIGGER INST"
\i) 12128 Elaborating entity "active_transfer" for hierarchy "active_transfer:ACTIVE TRANSFER INST"
@ 12128 Elaborating entity "active_block" for hierarchy "active_block (_TRANSFER_INST"
0 12006 Node instance "BLOCK IN FIFO" instantiates undef:
(i) 144001 Generaced suppresssd messages file Cifaltera/12.1spl/a: gns/EPT_Transfer Test/outpuc_files/EPT_570_AF UZ Top.m
]
4 O
g «| . »
2\ System () J\_Processing (32)

9%  00:00:03

Click Ok, the select the “Error” tab to see the error.
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| 0

d

€ Quartus T 64-Bit - Cy/altera12.1sp1/quartus/qdesigns/EPT_Transfer_Test/EPT_570_AP_U2 Top - EPT_570_AP_U2 Top

5 |t

y

file Edit View Project Assignments Processing Tools Window Help 5 Search altera.com @
DEH@ s 2Bl o Frmenms Y > $VS D PR BT ER QW AP
Project Navigator 1@x ‘ @ Compiition Report - EFT_570_AP_UU2_Top
Entty Fratie of Contents ne
/% MAX I EPM570T100C5 2 Flow Summary Flow Status Flow Failed - Wed Mar 13 21:28:50 2013
a ﬂﬂ EPT_S70_AP_U2_Top = Flow Settings. Quartus 164-Bit Version  12.1 Build 243 01/31/2013 SP 1 S) Web Edition
BB active_transferACTIVE_TRANSFER_INST 3 Flow Non-Default Global Settings et ETA D
B84 active_transfer_lirary:ACTIVE_TRANSFER_L B2 Flow Elapsed Time ErlseEaine Pl
4 active_trigger:ACTIVE_TRIGGER INST BT Flow O Summary ;ﬂ"“" E‘Apmgnnnncs
# syne fifo:BLOCK IN_FIFO 2 FlowLog evice
Timing Models Final
8 active_block:BLOCK_TRANSFER INST (1 Analysis & Synthesis
B9 eptWireORwireOR
Ay Herarehy | ElFles | o Desgnunis | U
Tasks 18 x
Flow: [Compiation =] [customize.. |
Task
X 4 B CompieDesign
x > B Analysic & Synthesis of
» P Fitter (Place & Route)
» W Assembler (Generate programmin.
> B TimeQuest Timing Analysis
> B EDA Netlist Writer
U Program Device (Open Programmer)
gl m vl w »
x| e B T <cscacn>> ~
B Typs 1D Messag:
@ 12006 Node
-] Quar
@ 293001 Qu
Al « [ . )
=|\Usystem /\_Processing (3)
9% 00:00:03

Review the source and/or database to remedy the error.

Once the error has been fixed, re-run the Compile process.
screen should look like the following:
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@4 Quartus 1 64-Bit - Ci/altera/12.15p1/quartus/qdesigns/EPT_Transfer_Test/EPT_570_AP_U2 Top - EPT_570_AP_U2 Top =B8] %
S b altera.com ]
DS @ ¥ @ 9 o (Ersnreup Y S SS9 P D AR P A e R
Project Navigator 28 x ‘ = Compilation Report - EFT_S70_AP_U2_Tap %]
Entity Table of Contents Ra
/iy MAX T EPM570TI00CS BB Flow Summar, 3 Flow Status Successful - Wed Mar 13 22:00:21 2013

» B EPT_570_4P_U2 Top = Flow Settings
= Flow Non-Default Global Settings

= Flow Elapsed Time

=3 Flow OS Summar, y E”‘“y

Z] FlowLog evice

[ Analysis & Synthesis Timing Models

S nal
e Total logic elements
Total virtual pins

<0 J, ‘ﬁ‘ Full Compilation was successful 47 warnings) | | UFM blocks
Ay vierarchy | E|Files | o Desgnunits | L !

ion 121 Build 243 01/31/2013 SP 1 5) Web Edition

EPT_570_AP_U2 Top
EPT_570_AP_U2_Top
MAXT
EPMS70T100C5
Final

557/570 (98 %)
51/76 (67 %)

0

0/1(0%)

13
L [i
L [i
L [i
L [i
L [i
L > [i
W Program Device (Open Programmer)
« L v« i +
H B @’ T <<Search>> ~
2 a

Type ID Message

errors,

VYRR

(i

System /\_Processing (139) /

100%  00:00:24

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.

7 Programming the MaxProLogic

Configuring the FPGA is quick and easy. All that is required is a standard USB-C cable and a
compatible Blaster Programmer. Connect the MaxProLogic to the PC, open up Quartus Prime

Lite, open the programmer tool, and click the Start button. To program the MAX10

Configuration Flash, connect the Blaster and ensure the JTAG Driver is loaded for Quartus

Prime Lite.
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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_4CF6_AF_D1_Top - EP.. — =

g ools nd Help Search altera.com @

DG U@ bR 9 o Fresroim SEIVQI0 PO O R

|Project Mavigator Aax| A g Compilation Repart - EPT_4CE6_AF_D1_Top [£)
Ensty bl of Contents Fow Suomniry |
A% Cydane Iv E: EPACESE2CE B Flow Summary Flow Status Successful - Mon Oct 12 16:10:04 2015
> EE EPT_4CE6_AF_D1_Top 5'\21 =5 Flow Settings Quartus II 64-Bit Version 13.1.0 Build 162 10/23/2013 5] Web Edition
- B o Revision Name EPT_4CE6_AF_D1_Top
=5 Flow Non-Default Global Settings Top-evel Entity Name EPT_4CE6_AF D1 Top
5 Fiow Elapsed Time Family Cydone IVE
= Flow 05 Summary Device EP4CEGE22C8
Flow Log Timing Models Final
b (1 Analysis & Synthesis Total logic elements 632/6,272(10 %)
< > > B Fitter Total combinational functions 594 /6,272{3 %)
[y Hierarchy | [E] Fles | " Design Units % 4| » : Dedicated logic registers 411/6,272(7 %)
LB Flow Messages Total registers 411
[Tasks 2@ x|| (i) Flow Suppressed Messages Total pins 86/92(93%)
Flow: | Compilation « | [ customize,., || © [ Assembler Total virtual pins ]
b [3 TimeQuest Timing Analyzer Total memory bits 2,048 /276,480 (< 1 %)
Task ~ Embedded Multilier 9-bit elements 0 /30 (0%
Total PLLs 0/2(0%
' 4 P Compile Design 20 )
v 4 > B Analysis & Synthesis
v > B Fitter (Place & Route)
L' > P Assembler (Generate programming files, v
< > < >
x.g A0 D eSearchyr v
EA] | A4 < <5earch>>
HIE .
Al Type  ID  Message 2
(i) 332102 Design is not fully constrained for setup requirements
\i) 332102 Design is not fully constrained for hold requirements
] Quartus II 64-Bit TimeQuest Timing Analyzer was successful. 0 errors, 10 warnings
. \I’) 283000 Quartus II Full Compilation was successful. 0 errors, 5% warnings
i v
2l < >
@
= |\ System Processing (185
Opens 3 Programmer window 100%  00:00:31
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The Programmer Window will open up with the programming file selected. Click on the
Hardware Setup button in the upper left corner.

Fle Edt Vew Processng Tools Window Help 5 Search sltera.com @

|G rimesemnyo e o G o]

[ EnabreTeartme 15P to allow background programming (for MAX 1T and MAX V devices)

ase P
Bl start Configure Chedk Bit CLAMP
b Stop

Gy Auto Detect

{ Delete

[, Add Fie...

[ Change File...

2kl Save File
(¥ Add Device...
Tl

i Doun

The Hardware Setup Window will open. In the “Available hardware items”, double click on
“EPT-Blaster v1.6b”.
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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 - |

Available hardware items

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

If you successfully double clicked, the “Currently selected hardware:” dropdown box will show
the “EPT-Blaster v1.6b”.
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Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices, This programming
hardware setup applies only to the °

e
Currently selected hardwae: |EPT-BIasher v1.5b {64) [MBUSE-0] ) - |

Available hardware items

Hardware Server Port Add Hardware...
EPT-Blaster v1.5b (64) Local MBUSE-0

Remove Hardware

Click on the “Add File” button

Fie Edt View Processng Tooks Window Hep 5 Search altera. com @

| & Herdware Setup...| |EPT-Blaster v1.5b (64) [MBUSB-0) | Mode: |Active Serial Programming = | Progress:

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

b File Device Checksum Usercode Program/  Verify  Blank-
el Start Configure Check

s Stop

Examine  Security  Erase ISP
Bit CLAMP

@ Auto Detect

X Delete

o
e ——

[ Change File...

[ save File
Thus
T pown
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Laok in: | | C:\lolly\Code_FPGA\EPT_4CES_A..nsfer_DemolEPT 4CE6 AFD1Top v @ © © (I} [
Lk My Computer Marne - Size Type Diate Modified
n nelso 000 L odb File..Ider 10/12/2015 4:10:10 PM
- i db File..der 10/3/20159:20:51 AM
‘F 1 output_fles ™y File../der 10/12/2015 4:10:10 PM
=
< >
File name: | | COpen
Files of type: |PDF Files (*.pof) v| | Cancel

At the Browse window, double click on the output files folder.
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Look in: | L. C:\lolly\Code_FPGA\EPT_4CES_AF..PT_4CES_AF D1 Toploutput fies v @ © @ [} [
& My Computer hff_— . Size Type Date Modified
]2, nelso_o00 EPT_4CE6_AF_D1 Top.pof e 128KB pofFile  10/12/2015 4:10:04PM
I
= >
Flename:  |EPT_4CE6_AF_D1_Top.pof || open |
Files of type: |POF Files (*.paf) v| | Cancel |

Double click on the “EPT _10M04_AF Top.pof” file. Click the Open button in the lower right
corner.
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File Edit WView Processing Tools Window Help )

j. Hardware Setup...

EFT-Blaster v1.5b (64) [MBUSB-0] Mode: |Active Serial Prog

["] Enable real-time ISP to allow background programming (for MAX 1T and MAX V devices)

i Start
@i Stop
S Auto Detect
o Delete
S add Fie...
EB Change File...
') Save File
£ Add Device...
Thup

1 pown

File Device Checksum Usercode Program, Verify Blank- Ex
Configure Check

output_fles/EPT_4CE5 A £ EPCSL ) 0075454 Oooooooo N T T e
e

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

_3' Hardware Setup... | |EPT-Blaster v1.5b (54) [MBUSE-0] Mode: | Active Serial Prograr

[ Enable real-time ISP to allow backaround programming (for MAX II and MAX V devices)

m File Device Chedcksum Usercode Program, Verify Blank- Exam
U Start Configure Check

output_files/EPT_4CE6_A... EPCS1 0075FAS4 00000000 u u [ ]
o

il Stop
i Auto Detect
J Delete
A Add File....

EE Change File...

= Save File
4 Add Device...
1 up

J pown

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

Fle Edt Vew Processing Tools Window Help &

n

0o |

0

ARTHPEOPLE

g vy

X

Search altera.com @

5, Hardware Setup...

Enable real-time ISP to allow backoround programming (for MAX I and MAX V devices)

Mode:

Active Serial Programming ~

erogess: |

2%

File Device Checksum Usercode

i Start D

s Stop

@ Auto Detect

output_fles/EPT_4CE6_A... EPCS1 00755C55  000D000D

¥ Delete
(B, Add File. ..

42 change File...

Program/
Configure

Verify

Blank-
Chedk

Examine

Seaurity
Bit

Erase

15P
CLAMP

(4 save Fie
[2# Add Device....
T up
1% pown

ASDI

EPCS1

DATA

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

&

File FEdit View Processing Tools Window Hep 5

x

Search altera.com @

| 4, Hardware Setup...| |EPT-Biaster v1.5 (69) [MEUSE-0]

Mode:  Active Serial Programming v |

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

Progress:

File Device Chedksum Usercode

i Start

i Stop EPCS1

output_files/EPT_4CES_A 00755C55 00000000

i Auto Detect

2 Delete

[ Add File...

4 Change File. ..

Program/
Configure

Blank- Examine

Check

O

Verify
O

Security

Bit

Erase

ISP
CLAMP

(&) save File
[ Add Device...
thup
1% pown
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At this point, the MAXPROLOGIC is programmed and ready for use.

The eight LEDs on the front of the MAXPROLOGIC will blink one after the other.
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