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Chapter 1

Overview

his chapter provides an overview of the TR10a-LPQ Development Board and
installation guide.

1.1 General Description

The Terasic TR10a-LPQ Arria 10 GX FPGA Development Kit provides the ideal
hardware solution for designs that demand high capacity and bandwidth memory
interfacing, ultra-low latency communication, and power efficiency. With a Low-Profile
form-factor package, the TR10a-LPQ is designed for the most demanding high-end
applications, empowered with the top-of-the-line Altera Arria 10 GX, delivering the best
system-level integration and flexibility in the industry.

The Arria® 10 GX FPGA features integrated transceivers that transfer at a maximum of
12.5 Gbps, allowing the TR10a-LPQ to be fully compliant with version 3.0 of the PCI
Express standard, as well as allowing an ultra low-latency, straight connections to two
external 40G QSFP+ modules. Not relying on an external PHY will accelerate
mainstream development of network applications enabling customers to deploy designs
for a broad range of high-speed connectivity applications. For designs that demand high
capacity and high speed for memory and storage, the TR10a-LPQ delivers with five
independent banks of QDRI+ SRAM, high-speed parallel flash memory. The feature-
set of the TR10a-LPQ fully supports all high-intensity applications such as low-latency
trading, cloud computing, high-performance computing, data acquisition, network
processing, and signal processing.
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1.2 Key Features

The following hardware is implemented on the TR10a-LPQ board:

B FPGA
® Altera Arria® 10 GX FPGA (10AX115N2F45E1SG)

B FPGA Configuration
® On-Board USB Blaster Il for FPGA programming
® Fast passive parallel (FPPx16) configuration via MAX Il CPLD and flash
memory

B General user input/output
® 4LEDs
® 2 push-buttons
® 2 dip switches

B Clock System
® 50MHz Oscillator

® Programmable clock generators Si5340A and Si53306

B Memory
® QDRI+ SRAM
® FLASH

B Communication Ports
® Two QSFP+ connectors
® Dual PCI Express (PCle) x8 edge connector
® One 2x5 GPIO timing expansion header

B System Monitor and Control
® Temperature sensor
® Fan control
® Power monitor
® UART to USB for board management
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B Power
® PCI Express 4-pin power connector, 12V DC Input
® PCI Express edge connector power

B Mechanical Specification
® PCl Express Low-Profile x16

1.3 Block Diagram

Figure 1-1 shows the block diagram of the TR10a-LPQ board. To provide maximum
flexibility for the users, all key components are connected to the Arria 10 GX FPGA
device. Thus, users can configure the FPGA to implement any system design.

S ] USB HUB i Button x2 Fan Control

LED x4
CPU Reset
UART to USB DIP Switch x2
USB

UART

«FPP16 Configure > x18 QDRI+
Access Bus > SRAM A Power
i x18 QDRI+ g Circuits

S%Rﬂ'ﬁ <> sRAMB

18 . x18 QDRI+
aoa : SRAM C

Fixed/Prog.
Oscillators

MAX 10

PCle Hard IP
x8 XCVRt 1)(8 XCVR

'PCle Gen3 x16 Edge

Figure 1-1 Block diagram of the TR10a-LPQ board
Below is more detailed information regarding the blocks in Figure 1-1.

B Arria 10 GX FPGA
® 10AX115N2F45E1SG
® 1,150K logic elements (LEs)
® G7-Mbits embedded memory
® 48 transceivers (12.5Gbps)
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3,036 18-bit x 19-bit multipliers
1,518 Variable-precision DSP blocks
4 PCI Express hard IP blocks

768 user I/Os

384 LVDS channels

32 phase locked loops (PLLs)

B FPGA Configuration

® On-board USB Blaster Il for use with the Quartus Prime Programmer

® MAX 10 CPLD System Controller and Fast Passive Parallel (FPP x16)
configuration

B Memory devices
® 40MB QDRI+ SRAM
® 128MB FLASH

B General user /O

® 4 user controllable LEDs
® 2 user push buttons

® 2 user dip switches

B On-Board Clock

® 50MHz oscillator

® Programming PLL providing clock for 40G QSFP+ transceiver
® Programming PLL providing clock for PCle transceiver

® Programming PLL providing clocks for QDRI+ SRAM

B Four QSFP+ ports
® Two QSFP+ connector (40 Gbps+)

B Dual PCI Express x8 edge connector
® Support for Dual PCle x8 Gen1/2/3
® Edge connector for PC motherboard with x16 PCI Express slot

B System Monitor and Control
® Temperature sensor
® Fan control
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® Power monitor
® UART to USB for board management

B Power Source
® PCI Express 4-pin DC 12V power
® PCI Express edge connector power
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Chapter 2

Board Components

his chapter introduces all the important components on the TR10a-LPQ.

2.1 Board Overview

Figure 2-1 and Figure 2-2 are the top and bottom view of the TR10a-LPQ development
board. It depicts the layout of the board and indicates the location of the connectors and
key components. Users can refer to this figure for relative location of the connectors

and key components.

USB Blaster Il and USB to Uart
12V Fan Connector

2x5 Timing Expansion Header
2 User Switches

4 User LEDs
2 User Push-Buttons

Si5340A Clock Generator

»——— 12V Power
Supply Connector

QDRII+_A SRAM

Intel Arria 10 GX
10AX115N2F45E1SC

Temperature
Sensor

Parasoic 45703z g cpic QDRIl+_C SRAM
I ]

QDRII+_E SRAM
PCle x16 Edge (Includes Dual PCle Gen3 x8 Interfaces)

2 QSFP+ Ports

Figure 2-1 FPGA Board (Top)
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QDRII+_B SRAM

QDRII+_D SRAM

128MB Flash

" MAX_RST Button
+— CPU_RST Button
— PCle Mode Select

MSEL[2:0]

Figure 2-2 FPGA Board (Bottom)

2.2 Configuration, Status and Setup

B Configure

The FPGA board supports two configuration methods for the Arria 10 FPGA:
® Configure the FPGA using the on-board USB-Blaster Il.
® Flash memory configuration of the FPGA using stored images from the flash
memory on power-up.

For programming by on-board USB-Blaster Il, the following procedures show how to
download a configuration bit stream into the Arria 10 GX FPGA:
® Make sure that power is provided to the FPGA board
® Connect your PC to the FPGA board using a micro-USB cable and make sure
the USB-Blaster Il driver is installed on PC.
® Launch Quartus Prime programmer and make sure the USB-Blaster Il is
detected.
® In Quartus Prime Programmer, add the configuration bit stream file (.sof),
check the associated “Program/Configure” item, and click “Start” to start
FPGA programming.
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B Status LED

The FPGA Board development board includes board-specific status LEDs to indicate
board status as shown in Figure 2-3. Please refer to Table 2-1 for the description of the
LED indicator.

LED_PR_DONE
LED_FPGA_PDN
FAN_ALERT n LED_CvP_CONFIG_DONE
~ - LED_BOOT_PAGE
LED_MAX_CONF_DONE
LED_MAX_ERROR
LED_MAX_LOAD

3.3-V Power

12-V Power

e
i1%1% |8

Figure 2-3 Status LED on the TR10a-LPQ

Table 2-1 Status LED

Board 7
LED Name Description
Reference

D10 12-V Power Illuminates when 12-V power is active.

D9 3.3-V Power Illuminates when 3.3-V power is active.

llluminates when the FPGA is successfully
D6 LED_MAX_CONF_DONE |configured. Driven by the MAX 10 CPLD
System Controller.

llluminates when the MAX 10 CPLD System
Controller. is actively configuring the FPGA.

D8 LED_MAX_LOAD _
Driven by the MAX 10 CPLD System
Controller. with the Embedded Blaster CPLD.
llluminates when the MAX 10 CPLD System

D7 LED_MAX_ERROR [Controller. fails to configure the FPGA. Driven
by the MAX 10 CPLD System Controller.

D5 LED BOOT_PAGE llluminates when FPGA is configured by the

11
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factory configuration bit stream.

D3

LED_PR_DONE

llluminates when FPGA partial reconfiguration
is done

D4 |LED_CvP_CONFIG_DONE

llluminates when FPGA Configuration via
Protocol (CvP) is done

Illuminates when the temperature of the FPGA

LEDG6 LED_FPGA_PDN is too high and exceeds the set value, the
FPGA power is automatically turned off.
Indicates transmit or receive activity of the
D1 JTAG_LED JTAG chain. The LED flickers if the link is in
use and active.
D2 FAN_ALERT n Illuminates when the temperature of the FPGA

exceeds the set value.

B Setup PCI Express Control DIP switch

The PCI Express Control DIP switch (S1) is provided to enable or disable different
configurations of the PCle Connector. Table 2-2 lists the switch controls and description.

Board
Reference
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Figure 2-4 Setup PCI Express Control DIP switch

Table 2-2 S1 PClIe Control DIP Switch
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On : Enable x1 presence detect
S1.5 PCIE_PRSNT2n_x1 _ Off
- — |Off: Disable x1 presence detect

On : Enable x4 presence detect
S1.6 PCIE_PRSNT2n_x4 . Off
- - Off: Disable x4 presence detect

On : Enable x8 presence detect
S1.7 PCIE_PRSNT2n_x8 . Off
- - Off: Disable x8 presence detect

On: Enable dual x8 presence
detect

S1.8 PCIE_PRSNT2n_x16 . On
- — |Off: Disable dual x8 presence

detect

B Setup Configure Mode

The position 1~3 of DIP switch S1 are used to specify the configuration mode of the
FPGA. As currently only one mode is supported, please set all positions as shown in

Figure 2-5.

Default FPP x16
Configuration Mode Select

Figure 2-5 Position of DIP switch S1 for Configure Mode

B Select Flash Image for Configuration

The position 4 of DIP switch S1 is used to specify the image for configuration of the
FPGA. Setting Position 4 of S1 to “1” (down position) specifies the default factory image
to be loaded, as shown in Figure 2-6. Setting Position 4 of S1 to “0” (up position)
specifies the TR10a-LPQ to load a user-defined image, as shown in Figure 2-7.

13
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-

EPPRERES

MW~

Factory Image Load

Figure 2-6 Position of DIP switch S1 for Image Select — Factory Image Load

User Image Load

Figure 2-7 Position of DIP switch S1 for Image Select — User Image Load

2.3 General User Input/Output

This section describes the user I/O interface to the FPGA.

B User Defined Push-buttons

The FPGA board includes four user defined push-buttons that allow users to interact
with the Arria 10 GX device. Each push-button provides a high logic level or a low logic
level when it is not pressed or pressed, respectively. Table 2-3 lists the board references,
signal names and their corresponding Arria 10 GX device pin numbers.

14
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PB1/PBO

Figure 2-8 User Defined Buttons

Table 2-3 Push-button Pin Assignments, Schematic Signal Names, and

Functions
Board Schematic . 110 Arria 10 GX
' Description .
Reference | Signal Name Standard| Pin Number
PBO BUTTONO 1.8-V PIN_ARG6
High Logic Level when th
PB1 BUTTON1 1.8-V PIN_APG6
button is not pressed =
PB4 CPU_RESET_n 1.8-V AP24

B User-Defined Dip Switch

There are two dip switches on the FPGA board to provide additional FPGA input control.
When a dip switch is in the DOWN position or the UPPER position, it provides a high
logic level or a low logic level to the Arria 10 GX FPGA, respectively, as shown in Figure
2-9.

15
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Figure 2-9 2 Dip switches

Table 2-4 lists the signal names and their corresponding Arria 10 GX device pin
numbers.

Table 2-4 Dip Switch Pin Assignments, Schematic Signal Names, and Functions
Board Schematic . 110 Arria 10 GX
. Description .
Reference |Signal Name Standard | Pin Number
| o SWO0 High logic level when SW in the 1.8-V PIN_ AU35
| SW1  |UPPER position. 18V | PIN_AH33

B User-Defined LEDs

The FPGA board consists of 4 user-controllable LEDs to allow status and debugging
signals to be driven to the LEDs from the designs loaded into the Arria 10 GX device.
Each LED is driven directly by the Arria 10 GX FPGA. The LED is turned on or off when
the associated pins are driven to a low or high logic level, respectively, as shown in
Figure 2-10. A list of the pin names on the FPGA that are connected to the LEDs is
given in Table 2-5.

16
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User LEDs

Figure 2-10 Four User LEDs

Table 2-5 User LEDs Pin Assignments, Schematic Signal Names, and Functions

Board Schematic Arria 10 GX
Description
Reference, Signal Name Standard| Pin Number

LEDO LEDO Driving a logic 0 on the 1/0O port
LED1 LED1 turns the LED ON.

LED2 LED2 Driving a logic 1 on the I/O port
LED3 LED3 turns the LED OFF.

1.8-V PIN_Y13
1.8-V PIN_Y14
1.8-V PIN_W11
1.8-V PIN_V10

2.4 Temperature Sensor and Fan Control

The TR10a-LPQ has an automatic management system for the temperature of the
FPGA, the fan speed, and the power supply of the FPGA. As shown in Figure 2-11. The

MAX10 FPGA is the main control device on the board.

The temperature of the Arria 10 FPGA is obtained through the TMP441 temperature
sensor and the MAX10 FPGA can read it from TMP441 via 12C bus. The MAX10 FPGA
will adjust the fan speed automatically according to the temperature of the Arria 10

FPGA.

When the board power is on, the fan speed is preset to 3000 rpm. As the temperature

17
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of the Arria10 FPGA rises, the MAX10 will increase the fan speed to decrease the
temperature of the FPGA.

In order to avoid the failure of the fan on the FPGA and stop the rotation and cause the
FPGA temperature to rise rapidly. When the FPGA temperature reaches 95 degrees
(The setting threshold value), the MAX10 will cut off the power supply to the Arria10
FPGA to avoid damage caused by excessive FPGA temperature.

veez

10K n

3
ﬁN

Qy
1 FDV30sN T- 10U

2

FAN_I2C_SCL

FAN_I2C_SDA
: FAN_ALERT_n

: TEMPDIODEp TEMP_I12C_SCL
IOV L ————

F ﬁ% TEMPDIODEN * TEMP_I2C_SDA
! >

-
!’E ¢ Power

Figure 2-11 The Temperature, Fan Speed and FPGA power control system

Y Y'Y

Control

cumoly | FPGA_RECYCLE
g Contral | atiadit

2.5 Power Monitor

The TR10a-LPQ has implemented a power monitor chip to monitor the board input
power voltage and current. Figure 2-12 shows the connection between the power
monitor chip and the Arria 10 GX FPGA. The power monitor chip monitors both shunt
voltage drops and board input power voltage allows user to monitor the total board
power consumption. Programmable calibration value, conversion times, and averaging,
combined with an internal multiplier, enable direct readouts of current in amperes and
power in watts. Table 2-6 shows the pin assignment of power monitor 12C bus.

18
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12V Power

; AN\N—9 » Board Power
[ 0.006 { Circuits

SENSE+ 12C & Aleart signals

LTC2945

b

. ALERT
< <

10K 10K [OK

Power Monitor

VCC1P8

Figure 2-12 Connections between the Power Monitor chip and the Arria 10 GX
FPGA

Table 2-6 Pin Assignment of Power Monitor I12C bus

Schematic . 110 Arria 10 GX
' Description :
Signal Name Standard |Pin Number

POWER_MONITOR_|2C_SCL Power Monitor SCL 1.8V PIN_AT26
POWER_MONITOR_I12C_SDA | Power Monitor SDA 1.8V PIN_AP25
POWER_MONITOR_ALERT_N | Power Monitor ALERT 1.8V PIN_BD23

2.6 Clock Circuit

The development board includes four 50 MHz oscillators and two programmable clock
generators. Figure 2-13 shows the default frequencies of on-board all external clocks
going to the Arria 10 GX FPGA.

19
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1:2 Clock (LVDS)

\Hz 50MHz x2 HCSL PCle Edge
> E——
100MHz PCle Connector
Referece Clock
m— » 100MHz PCle
i 50MHz x5
—> -
“ E

Referece Clock x2
1:8 Clock Buffer (LVCMOS)

5340 LVDS AC Coupling
Si A Default:644.x MHz, for QSFP+B

User-supplied

Configuration Clock | 100MHz
i ® <«
s el

Default:644.x MHz, for QSFP+A N - e

Default:275 MHz, for QDRII+ SRAM-E

>

>
Default:275 MHz x4, Two Single-ended or

w for QDRII SRAM-A/B/C/D One differential 'y

DC Coupling s | 4&:

4-Output 1:4 Clock Buffer (LVDS)

Clock Generator 2x5 GPIO
Timing Header

Figure 2-13 Clock circuit of the FPGA Board

A clock buffer is used to duplicate the 50 MHz oscillator, so there are six 50MHz clocks
fed into different five FPGA banks. The two programming clock generators are low-jitter
oscillators which are used to provide special and high quality clock signals for high-
speed transceivers and high bandwidth memory. Through 12C serial interface, the clock
generator controllers in the Arria 10 GX FPGA can be used to program the Si5340A and
Si5340B to generate 40G Ethernet QSFP+ and high bandwidth memory reference
clocks respectively.

Table 2-7 lists the clock source, signal names, default frequency and their
corresponding Arria 10 GX device pin numbers.

Table 2-7 Clock Source, Signal Name, Default Frequency, Pin Assignments and

Functions
Arria 10 GX
Schematic Default . _
Source ) Pin Application
Signal Name Frequency/Standard
Number
CLK 50 _B2H 1.8V | PIN_AP34 | User Application
CLK_50_B2I 1.8V PIN_C30 | User Application
uU38 CLK_50_B2J 50.0 MHz | 1.8V PIN_W36 | User Application
CLK_50_B3C 1.8V | PIN_AK12 | User Application
CLK_50_B3D 1.8V PIN_AJ11 | User Application
Y6 CLK_100_B2J 100.0MHz| 1.8V | PIN_AC32 | User Application
User-supplied
Y2 OSC_100_CLKUSR |100.0MHz| 1.8V | PIN_AV26 . )
configuration
20
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clock

644.53125 40G QSFP+ A
QSFPA_REFCLK p LVDS PIN_AH5
MHz port
U2 644.53125 40G QSFP+B
] QSFPB_REFCLK p LVDS PIN_AD5
(Si5340A) MHz port
QDRII+ reference
QDRIIE_REFCLK p | 275 MHz | LVDS | PIN_AT27
clock for E port
QDRII+ reference
QDRIIA_REFCLK p | 275 MHz | LVDS PIN_L9
clock for A port
QDRI+ reference
QDRIIB_REFCLK p | 275 MHz | LVDS PIN_N18
clock for B port
u13
QDRI|+ reference
QDRIIC_REFCLK p | 275 MHz | LVDS PIN_M34
clock for C port
QDRII+ reference
QDRIID_REFCLK p | 275 MHz | LVDS | PIN_BB18

clock for D port

Table 2-8 lists the programmable oscillator control pins, signal names, 1/0O standard and

their corresponding Arria 10 GX device pin numbers.

Table 2-8 Programmable oscillator control pin, Signal Name, 1/0 standard, Pin

Assignments and Descriptions

Programmable
Oscillator

Si5340A
(U2)

Schematic 110 Arria 10 GX
. ) Description
Signal Name Standard |Pin Number
Si5340A 12C_SCL 1.8-V PIN_F24 |I2C bus, connected
Si5340A_I12C_SDA 1.8-V PIN_G24 with Si5340A
. Si5340A reset
Si5340A_RST 1.8-V PIN_C27 .
signal
_ Si5340A interrupt
Si5340A_INTR 1.8-V PIN_C28 .
signal
. Si5340A output
Si5340A_OE_n 1.8-V PIN_AP39 _
enable signal

2.7 FLASH Memory

The development board has one 1Gb CFl-compatible synchronous flash device for non-

volatile storage of FPGA configuration data, user application data, and user code space.
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Each interface has a 16-bit data bus and the device combined allow for FPP x16
configuration. This device is part of the shared flash and MAX (FM) bus, which connects
to the flash memory and MAX V CPLD System Controller. Figure 2-14 shows the
connections between the Flash, MAX and Arria 10 GX FPGA.

Chip Select P
Data x16 AN > Flash x16
Address &
Command
@

Figure 2-14 Connection between the Flash, Max and Arria 10 GX FPGA

Table 2-9 lists the flash pin assignments, signal names, and functions.

Table 2-9 Flash Memory Pin Assignments, Schematic Signal Names, and

Functions
Schematic __ Arria 10 GX Pin
Signal Name Description 1/0 Standard T
FLASH_A1 Address bus 1.8-V PIN_AE14
FLASH_A2 Address bus 1.8-V PIN_AT7
FLASH_AS3 Address bus 1.8-V PIN_ACM1
FLASH_A4 Address bus 1.8-V PIN_AC13
FLASH_AS Address bus 1.8-V PIN_AC12
FLASH_AG6 Address bus 1.8-V PIN_AF14
FLASH_A7 Address bus 1.8-V PIN_AD13
FLASH_AS8 Address bus 1.8-V PIN_AG14
FLASH_A9 Address bus 1.8-V PIN_AJ13
FLASH_A10 Address bus 1.8-V PIN_AE13
FLASH_A11 Address bus 1.8-V PIN_AB14
FLASH_A12 Address bus 1.8-V PIN_AH12
FLASH_A13 Address bus 1.8-V PIN_AK13
22
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FLASH_A14 Address bus 1.8-V PIN_AL12
FLASH_A15 Address bus 1.8-V PIN_AV7
FLASH_A16 Address bus 1.8-V PIN_AJ10
FLASH_A17 Address bus 1.8-V PIN_AH13
FLASH_A18 Address bus 1.8-V PIN_AN12
FLASH_A19 Address bus 1.8-V PIN_AU9
FLASH_A20 Address bus 1.8-V PIN_AV6
FLASH_A21 Address bus 1.8-V PIN_AT6
FLASH_A22 Address bus 1.8-V PIN_AR9
FLASH_A23 Address bus 1.8-V PIN_AB13
FLASH_A24 Address bus 1.8-V PIN_AF12
FLASH_A25 Address bus 1.8-V PIN_AT9
FLASH_A26 Address bus 1.8-V PIN_AVS8
FLASH_A27 Address bus (Reserve) 1.8-V PIN_AB12
FLASH_DO Data bus 1.8-V PIN_AN1M1
FLASH_D1 Data bus 1.8-V PIN_AT12
FLASH_D2 Data bus 1.8-V PIN_AP8
FLASH_D3 Data bus 1.8-V PIN_AT11
FLASH_D4 Data bus 1.8-V PIN_AR11
FLASH_D5 Data bus 1.8-V PIN_AR7
FLASH_D6 Data bus 1.8-V PIN_AUS8
FLASH_D7 Data bus 1.8-V PIN_ARS8
FLASH_D8 Data bus 1.8-V PIN_AN10
FLASH_D9 Data bus 1.8-V PIN_AR12
FLASH_D10 Data bus 1.8-V PIN_AP10
FLASH_D11 Data bus 1.8-V PIN_AP11
FLASH_D12 Data bus 1.8-V PIN_AT10
FLASH_D13 Data bus 1.8-V PIN_AP9
FLASH_D14 Data bus 1.8-V PIN_AU7
FLASH_D15 Data bus 1.8-V PIN_AU10
FLASH_CLK Clock 1.8-V PIN_AM12
FLASH_RESET_n Reset 1.8-V PIN_AE12
FLASH_CE_n Chip enable of flash 1.8-V PIN_AL11
FLASH_OE_n Output enable 1.8-V PIN_AH10
FLASH_WE_n Write enable 1.8-V PIN_AG12
FLASH_ADV_n Address valid 1.8-V PIN_AD14
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FLASH_RDY_BS 1.8-V

Y_n

Ready of flash PIN_AG13

2.8 QDRII+ SRAM

The development board supports five independent QDRII+ SRAM memory devices for
very-high speed and low-latency memory access. Each of QDRI+ has a x18 interface,
providing addressing to a device of up to a 8MB (not including parity bits). The QDRII+

has separate read and write data ports with DDR signaling at up to 550 MHz.

Table 2-10, Table 2-11, Table 2-12, Table 2-13 and

Table 2-14 lists the QDRI+ SRAM Bank A, B, C, D and E pin assignments, signal
names relative to the Arria 10 GX device, in respectively.

Table 2-10 QDRI+ SRAM A Pin Assignments, Schematic Signal Names, and

Functions
Schematic Arria 10 GX Pin
Description 1/0 Standard Number
QDRIIA_AO Address bus[0] 1.8-V HSTL Class | PIN_V12
QDRIIA_A1 Address bus[1] 1.8-V HSTL Class | PIN_V13
QDRIIA_A2 Address bus[2] 1.8-V HSTL Class | PIN_N10
QDRIIA_A3 Address bus[3] 1.8-V HSTL Class | PIN_M10
QDRIIA_A4 Address bus[4] 1.8-V HSTL Class | PIN_P11
QDRIIA_A5 Address bus[5] 1.8-V HSTL Class | PIN_N11
QDRIIA_A6 Address bus|[6] 1.8-V HSTL Class | PIN_M9
QDRIIA_A7 Address bus[7] 1.8-V HSTL Class | PIN_M8
QDRIIA_AS8 Address bus[8] 1.8-V HSTL Class | PIN_N7
QDRIIA_A9 Address bus[9] 1.8-V HSTL Class | PIN_N8
QDRIIA_A10 Address bus[10] 1.8-V HSTL Class | PIN_P10
QDRIIA_A11 Address bus[11] 1.8-V HSTL Class | PIN_P9
QDRIIA_A12 Address bus[12] 1.8-V HSTL Class | PIN_NG6
QDRIIA_A13 Address bus[13] 1.8-V HSTL Class | PIN_M7
QDRIIA_A14 Address bus[14] 1.8-V HSTL Class | PIN_L10
QDRIIA_A15 Address bus[15] 1.8-V HSTL Class | PIN_L7
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QDRIIA_A16 | Address bus[16] | 1.8-V HSTL Class | PIN_K7

QDRIIA_A17 | Address bus[17] | 1.8-V HSTL Class | PIN_K8

QDRIIA_A18 | Address bus[18] | 1.8-V HSTL Class | PIN_J9

QDRIIA_A19 | Address bus[19] | 1.8-V HSTL Class | PIN_L6

QDRIIA_A20 | Address bus[20] | 1.8-V HSTL Class | PIN_K6

QDRIIA_A21 | Address bus[21] | 1.8-V HSTL Class | PIN_J6

QDRIIA_DO | Write data bus[0] | 1.8-V HSTL Class | PIN_C13
QDRIIA_ D1 | Write data bus[1] | 1.8-V HSTL Class | PIN_D13
QDRIIA_ D2 | Write data bus[2] | 1.8-V HSTL Class | PIN_E13
QDRIIA_D3 | Write data bus[3] | 1.8-V HSTL Class | PIN_B13
QDRIIA_D4 | Write data bus[4] | 1.8-V HSTL Class | PIN_E11
QDRIIA_ D5 | Write data bus[5] | 1.8-V HSTL Class | PIN_C12
QDRIIA_D6 | Write data bus[6] | 1.8-V HSTL Class | PIN_B12
QDRIIA_D7 | Write data bus[7] | 1.8-V HSTL Class | PIN_A12
QDRIIA_D8 | Write data bus[8] | 1.8-V HSTL Class | PIN_D11
QDRIIA_D9 | Write data bus[9] | 1.8-V HSTL Class | PIN_E9

QDRIIA_D10 | Write data bus[10] | 1.8-V HSTL Class | PIN_C8

QDRIIA_D11 | Write data bus[11] | 1.8-V HSTL Class | PIN_D8

QDRIIA_D12 | Write data bus[12] | 1.8-V HSTL Class | PIN_D9

QDRIIA_ D13 | Write data bus[13] | 1.8-V HSTL Class | PIN_D10
QDRIIA_ D14 | Write data bus[14] | 1.8-V HSTL Class | PIN_B10
QDRIIA_ D15 | Write data bus[15] | 1.8-V HSTL Class | PIN_A10
QDRIIA_ D16 | Write data bus[16] | 1.8-V HSTL Class | PIN_A11
QDRIIA_ D17 | Write data bus[17] | 1.8-V HSTL Class | PIN_C11
QDRIIA_ Q0 | Read Data bus[0] | 1.8-V HSTL Class | PIN_H12
QDRIIA_Q1 | Read Data bus[1] | 1.8-V HSTL Class | PIN_K12
QDRIIA_Q2 | Read Databus[2] | 1.8-V HSTL Class | PIN_J14
QDRIIA_Q3 | Read Data bus[3] | 1.8-V HSTL Class | PIN_H11
QDRIIA_Q4 | Read Databusf4] | 1.8-V HSTL Class | PIN_K13
QDRIIA_Q5 | Read Data bus[5] | 1.8-V HSTL Class | PIN_G10
QDRIIA_Q6 | Read Data bus[6] | 1.8-V HSTL Class | PIN_L12
QDRIIA_Q7 | Read Databus[7] | 1.8-V HSTL Class | PIN_P13
QDRIIA_Q8 | Read Data bus[8] | 1.8-V HSTL Class | PIN_M13
QDRIIA_Q9 | Read Databus[9] | 1.8-V HSTL Class | PIN_T14
QDRIIA_Q10 |Read Data bus[10]| 1.8-V HSTL Class | PIN_R13
QDRIIA_Q11 | Read Data bus[11]| 1.8-V HSTL Class | PIN_R12
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QDRIIA_Q12 |Read Data bus[12]| 1.8-V HSTL Class | PIN_R14
QDRIIA_Q13 | Read Data bus[13]| 1.8-V HSTL Class | PIN_N13
QDRIIA_Q14 | Read Data bus[14]| 1.8-V HSTL Class | PIN_M14
QDRIIA_Q15 | Read Data bus[15]| 1.8-V HSTL Class | PIN_N12
QDRIIA_Q16 | Read Data bus[16]| 1.8-V HSTL Class | PIN_L14
QDRIIA_Q17 | Read Data bus[17]| 1.8-V HSTL Class | PIN_M12
QDRIIA_BWS_n0|Byte Write select[0]| 1.8-V HSTL Class | PIN_C10
QDRIIA_BWS_n1|Byte Write select[1]| 1.8-V HSTL Class | PIN_ES8
Differential 1.8-V HSTL
QDRIIA_K_P Clock P PIN_F12
Class |
Differential 1.8-V HSTL
QDRIIA_K_N Clock N PIN_E12
Class |
QDRIIA_ CQ_P Echo clock P 1.8-V HSTL Class | PIN_J13
QDRIIA_CQ_N Echo clock N 1.8-V HSTL Class | PIN_H13
QDRIIA_RPS n Report Select 1.8-V HSTL Class | PIN_U9
QDRIIA_WPS_n | Write Port Select 1.8-V HSTL Class | PIN_U8
QDRIIA_DOFF_n DLL enable 1.8-V HSTL Class | PIN_R9
On-Die Termination
QDRIIA_ODT 1.8-V HSTL Class | PIN_T10
Input
QDRIIA_QVLD Valid Output 1.8-V HSTL Class | PIN_K14

Table 2-11 QDRI+ SRAM B Pin Assignments, Schematic Signal Names, and
Functions

Description 1/0 Standard

Schematic
Signal Name

Arria 10 GX Pin

Number

QDRIIB_AO Address bus[0] | 1.8-V HSTL Class | PIN_L16
QDRIIB_A1 Address bus[1] | 1.8-V HSTL Class | PIN_L15
QDRIIB_A2 Address bus[2] | 1.8-V HSTL Class | PIN_E14
QDRIIB_A3 Address bus[3] | 1.8-V HSTL Class | PIN_D14
QDRIIB_A4 Address bus[4] | 1.8-V HSTL Class | PIN_G14
QDRIIB_A5 Address bus[5] | 1.8-V HSTL Class | PIN_F14
QDRIIB_A6 Address bus[6] | 1.8-V HSTL Class | PIN_D15
QDRIIB_A7 Address bus[7] | 1.8-V HSTL Class | PIN_C15
QDRIIB_A8 Address bus[8] | 1.8-V HSTL Class | PIN_F15
QDRIIB_A9 Address bus[9] | 1.8-V HSTL Class | PIN_F16
QDRIIB_A10 | Address bus[10] | 1.8-V HSTL Class | PIN_H15
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QDRIIB_A11 | Address bus[11] | 1.8-V HSTL Class | PIN_G15
QDRIIB_A12 | Address bus[12] | 1.8-V HSTL Class | PIN_E16
QDRIIB_A13 | Address bus[13] | 1.8-V HSTL Class | PIN_D16
QDRIIB_A14 | Address bus[14] | 1.8-V HSTL Class | PIN_E17
QDRIIB_A15 | Address bus[15] | 1.8-V HSTL Class | PIN_G17
QDRIIB_A16 | Address bus[16] | 1.8-V HSTL Class | PIN_G18
QDRIIB_A17 | Address bus[17] | 1.8-V HSTL Class | PIN_L17
QDRIIB_A18 | Address bus[18] | 1.8-V HSTL Class | PIN_K17
QDRIIB_A19 | Address bus[19] | 1.8-V HSTL Class | PIN_H17
QDRIIB_A20 | Address bus[20] | 1.8-V HSTL Class | PIN_H18
QDRIIB_A21 | Address bus[21] | 1.8-V HSTL Class | PIN_K18
QDRIIB_DO | Write data bus[0] | 1.8-V HSTL Class | PIN_C18
QDRIIB_D1 | Write data bus[1] | 1.8-V HSTL Class | PIN_G19
QDRIIB_D2 | Write data bus[2] | 1.8-V HSTL Class | PIN_J19
QDRIIB_D3 | Write data bus[3] | 1.8-V HSTL Class | PIN_D19
QDRIIB_D4 | Write data bus[4] | 1.8-V HSTL Class | PIN_K19
QDRIIB_D5 | Write data bus[5] | 1.8-V HSTL Class | PIN_L19
QDRIIB_D6 | Write data bus[6] | 1.8-V HSTL Class | PIN_B20
QDRIIB_D7 | Write data bus[7] | 1.8-V HSTL Class | PIN_M19
QDRIIB_D8 | Write data bus[8] | 1.8-V HSTL Class | PIN_B19
QDRIIB_D9 | Write data bus[9] | 1.8-V HSTL Class | PIN_N20
QDRIIB_D10 | Write data bus[10] | 1.8-V HSTL Class | PIN_M20
QDRIIB_D11 | Write data bus[11] | 1.8-V HSTL Class | PIN_L21
QDRIIB_D12 | Write data bus[12] | 1.8-V HSTL Class | PIN_L20
QDRIIB_D13 | Write data bus[13] | 1.8-V HSTL Class | PIN_F20
QDRIIB_D14 | Write data bus[14] | 1.8-V HSTL Class | PIN_F19
QDRIIB_D15 | Write data bus[15] | 1.8-V HSTL Class | PIN_H20
QDRIIB_D16 | Write data bus[16] | 1.8-V HSTL Class | PIN_J20
QDRIIB_D17 | Write data bus[17] | 1.8-V HSTL Class | PIN_G20
QDRIIB_Q0 | Read Data bus[0] | 1.8-V HSTL Class | PIN_G23
QDRIIB_Q1 | Read Data bus[1] | 1.8-V HSTL Class | PIN_F21
QDRIIB_Q2 | Read Databus[2] | 1.8-V HSTL Class | PIN_G22
QDRIIB_Q3 | Read Data bus[3] | 1.8-V HSTL Class | PIN_H23
QDRIIB_Q4 | Read Data bus[4] | 1.8-V HSTL Class | PIN_H21
QDRIIB_Q5 | Read Data bus[5] | 1.8-V HSTL Class | PIN_H22
QDRIIB_Q6 | Read Data bus[6] | 1.8-V HSTL Class | PIN_J23
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QDRIIB_Q7 Read Data bus[7] | 1.8-V HSTL Class | PIN_K22
QDRIIB_Q8 Read Data bus[8] | 1.8-V HSTL Class | PIN_L22
QDRIIB_Q9 Read Data bus[9] | 1.8-V HSTL Class | PIN_B23
QDRIIB_Q10 | Read Data bus[10]| 1.8-V HSTL Class | PIN_A21
QDRIIB_Q1M1 Read Data bus[11] | 1.8-V HSTL Class | PIN_F22
QDRIIB_Q12 | Read Data bus[12]| 1.8-V HSTL Class | PIN_E22
QDRIIB_Q13 | Read Data bus[13] | 1.8-V HSTL Class | PIN_C21
QDRIIB_Q14 | Read Data bus[14]| 1.8-V HSTL Class | PIN_A22
QDRIIB_Q15 | Read Data bus[15]| 1.8-V HSTL Class | PIN_E23
QDRIIB_Q16 | Read Data bus[16]| 1.8-V HSTL Class | PIN_B22
QDRIIB_Q17 | Read Data bus[17]| 1.8-V HSTL Class | PIN_C22
QDRIIB_BWS_ n0|Byte Write select[0]| 1.8-V HSTL Class | PIN_C20
QDRIIB_BWS n1|Byte Write select[1]| 1.8-V HSTL Class | PIN_E19
Differential 1.8-V HSTL

QDRIIB K p PIN_K21

Clock P Class |

Differential 1.8-V HSTL

QDRIIB K n PIN_J21

Clock N Class |
QDRIIB_CQ_p Echo clock P 1.8-V HSTL Class | PIN_D23
QDRIIB_CQ_n Echo clock N 1.8-V HSTL Class | PIN_C23
QDRIIB_RPS_n Report Select 1.8-V HSTL Class | PIN_J16
QDRIIB_WPS_n | Write Port Select | 1.8-V HSTL Class | PIN_K16
QDRIIB_DOFF _n PLL Turn Off 1.8-V HSTL Class | PIN_H16

On-Die Termination
QDRIIB_ODT 1.8-V HSTL Class | PIN_M17
Input
Valid Output
QDRIIB_QVLD . 1.8-V HSTL Class | PIN_K23
Indicator

Table 2-12 QDRI+ SRAM C Pin Assignments, Schematic Signal Names, and

Schematic
Signal Name

Functions

Description

/0 Standard

1.8-V HSTL Class |

Arria 10 GX Pin

Number

QDRIIC_AO0 Address bus[0] PIN_Y32
QDRIIC_A1 Address bus[1] | 1.8-V HSTL Class | PIN_W33
QDRIIC_A2 Address bus[2] | 1.8-V HSTL Class | PIN_P34
QDRIIC_A3 Address bus[3] | 1.8-V HSTL Class | PIN_P33
QDRIIC_A4 Address bus[4] | 1.8-V HSTL Class | PIN_L32
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QDRIIC_A5 Address bus[5] 1.8-V HSTL Class | PIN_K32
QDRIIC_A6 Address bus|[6] 1.8-V HSTL Class | PIN_R34
QDRIIC_A7 Address bus[7] 1.8-V HSTL Class | PIN_R33
QDRIIC_A8 Address bus|[8] 1.8-V HSTL Class | PIN_T32
QDRIIC_A9 Address bus[9] 1.8-V HSTL Class | PIN_R32
QDRIIC_A10 Address bus[10] 1.8-V HSTL Class | PIN_N32
QDRIIC_A11 Address bus[11] 1.8-V HSTL Class | PIN_M32
QDRIIC_A12 Address bus[12] 1.8-V HSTL Class | PIN_T31
QDRIIC_A13 Address bus[13] 1.8-V HSTL Class | PIN_R31
QDRIIC_A14 Address bus[14] 1.8-V HSTL Class | PIN_K38
QDRIIC_A15 Address bus[15] 1.8-V HSTL Class | PIN_L37
QDRIIC_A16 Address bus[16] 1.8-V HSTL Class | PIN_K36
QDRIIC_A17 Address bus[17] 1.8-V HSTL Class | PIN_N33
QDRIIC_A18 Address bus[18] 1.8-V HSTL Class | PIN_M33
QDRIIC_A19 Address bus[19] 1.8-V HSTL Class | PIN_L39
QDRIIC_A20 Address bus[20] 1.8-V HSTL Class | PIN_K39
QDRIIC_A21 Address bus[21] 1.8-V HSTL Class | PIN_L35
QDRIIC_DO Write data bus[0] 1.8-V HSTL Class | PIN_E34
QDRIIC_D1 Write data bus[1] 1.8-V HSTL Class | PIN_D36
QDRIIC_D2 Write data bus[2] 1.8-V HSTL Class | PIN_E36
QDRIIC_D3 Write data bus[3] 1.8-V HSTL Class | PIN_D35
QDRIIC_D4 Write data bus[4] 1.8-V HSTL Class | PIN_E37
QDRIIC_D5 Write data bus[5] 1.8-V HSTL Class | PIN_F39
QDRIIC_D6 Write data bus[6] 1.8-V HSTL Class | PIN_F37
QDRIIC_D7 Write data bus[7] 1.8-V HSTL Class | PIN_G39
QDRIIC_D8 Write data bus[8] 1.8-V HSTL Class | PIN_F36
QDRIIC_D9 Write data bus[9] 1.8-V HSTL Class | PIN_G30
QDRIIC_D10 Write data bus[10] | 1.8-V HSTL Class | PIN_D33
QDRIIC_D11 Write data bus[11] | 1.8-V HSTL Class | PIN_H30
QDRIIC_D12 Write data bus[12] | 1.8-V HSTL Class | PIN_D34
QDRIIC_D13 Write data bus[13] | 1.8-V HSTL Class | PIN_G29
QDRIIC_D14 Write data bus[14] | 1.8-V HSTL Class | PIN_E33
QDRIIC_D15 Write data bus[15] | 1.8-V HSTL Class | PIN_E31
QDRIIC_D16 Write data bus[16] | 1.8-V HSTL Class | PIN_F31
QDRIIC_D17 Write data bus[17] | 1.8-V HSTL Class | PIN_F30
QDRIIC_QO0 Read Data bus[0] | 1.8-V HSTL Class | PIN_P31
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QDRIIC_Q1 Read Data bus[1] 1.8-V HSTL Class | PIN_N31
QDRIIC_Q2 Read Data bus|[2] 1.8-V HSTL Class | PIN_G33
QDRIIC_Q3 Read Data bus[3] | 1.8-V HSTL Class | PIN_G32
QDRIIC_Q4 Read Data bus[4] | 1.8-V HSTL Class | PIN_J31
QDRIIC_Q5 Read Data bus[5] | 1.8-V HSTL Class | PIN_G34
QDRIIC_Q6 Read Data bus[6] 1.8-V HSTL Class | PIN_L31
QDRIIC_Q7 Read Data bus[7] | 1.8-V HSTL Class | PIN_L30
QDRIIC_Q8 Read Data bus][8] 1.8-V HSTL Class | PIN_J30
QDRIIC_Q9 Read Data bus[9] | 1.8-V HSTL Class | PIN_P28
QDRIIC_Q10 Read Data bus[10] | 1.8-V HSTL Class | PIN_N28
QDRIIC_Q1M Read Data bus[11] | 1.8-V HSTL Class | PIN_M28
QDRIIC_Q12 Read Data bus[12] | 1.8-V HSTL Class | PIN_M29
QDRIIC_Q13 Read Data bus[13] | 1.8-V HSTL Class | PIN_N30
QDRIIC_Q14 Read Data bus[14] | 1.8-V HSTL Class | PIN_M30
QDRIIC_Q15 Read Data bus[15] | 1.8-V HSTL Class | PIN_L29
QDRIIC_Q16 Read Data bus[16] | 1.8-V HSTL Class | PIN_K29
QDRIIC_Q17 Read Data bus[17] | 1.8-V HSTL Class | PIN_J29
QDRIIC_BWS n0| Byte Write select[0] | 1.8-V HSTL Class | PIN_F34
QDRIIC_BWS n1| Byte Write select[1] | 1.8-V HSTL Class | PIN_C37
QDRIIC_K p Differential 1.8-V PIN_F32
Clock P HSTL Class |
QDRIIC_K n Differential 1.8-V PIN_E32
Clock N HSTL Class |

QDRIIC_CQ_p Echo clock P 1.8-V HSTL Class | PIN_G35
QDRIIC_CQ_n Echo clock N 1.8-V HSTL Class | PIN_F35
QDRIIC_RPS_n Report Select 1.8-V HSTL Class | PIN_E26
QDRIIC_WPS_n Write Port Select 1.8-V HSTL Class | PIN_V33
QDRIIC_DOFF_n PLL Turn Off 1.8-V HSTL Class | PIN_ W31
QDRIIC_ODT On-DieI:ZLr:\ination 1.8-V HSTL Class | PIN_Y33
QDRIIC_QVLD | Valid Output Indicator | 1.8-V HSTL Class | PIN_K31

Table 2-13 QDRI+ SRAM D Pin Assignments, Schematic Signal Names, and
Functions

Description 1/0 Standard

Schematic

Signal Name

Arria 10 GX

Pin Number
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QDRIID_A0 Address bus[0] 1.8-V HSTL Class | | PIN_AT17
QDRIID_A1 Address bus[1] 1.8-VHSTL Class | | PIN_AU17
QDRIID_A2 Address bus[2] 1.8-VHSTL Class | | PIN_AV16
QDRIID_A3 Address bus[3] 1.8-V HSTL Class | | PIN_AV17
QDRIID_A4 Address bus[4] 1.8-V HSTL Class | | PIN_AU15
QDRIID_A5 Address bus[5] 1.8-V HSTL Class | | PIN_AV15
QDRIID_A6 Address bus[6] 1.8-V HSTL Class | | PIN_BA15
QDRIID_A7 Address bus[7] 1.8-VHSTL Class | | PIN_BA16
QDRIID_A8 Address bus[8] 1.8-V HSTL Class | | PIN_AY17
QDRIID_A9 Address bus[9] 1.8-V HSTL Class | | PIN_BA17
QDRIID_A10 Address bus[10] 1.8-V HSTL Class | | PIN_AW16
QDRIID_A11 Address bus[11] 1.8-V HSTL Class | | PIN_AY16
QDRIID_A12 Address bus[12] 1.8-V HSTL Class | | PIN_AW18
QDRIID_A13 Address bus[13] 1.8-VHSTL Class | | PIN_AY18
QDRIID_A14 Address bus[14] 1.8-V HSTL Class | | PIN_BC15
QDRIID_A15 Address bus[15] 1.8-V HSTL Class | | PIN_BD13
QDRIID_A16 Address bus[16] 1.8-V HSTL Class | | PIN_BD14
QDRIID_A17 Address bus[17] 1.8-V HSTL Class | | PIN_BC18
QDRIID_A18 Address bus[18] 1.8-V HSTL Class | | PIN_BD18
QDRIID_A19 Address bus[19] 1.8-VHSTL Class | | PIN_BD15
QDRIID_A20 Address bus[20] 1.8-VHSTL Class | | PIN_BD16
QDRIID_A21 Address bus[21] 1.8-V HSTL Class | | PIN_BC16
QDRIID_DO Write data bus[0] | 1.8-V HSTL Class | | PIN_AL14
QDRIID_D1 Write data bus[1] | 1.8-V HSTL Class | | PIN_AM13
QDRIID_D2 Write data bus[2] | 1.8-VHSTL Class | | PIN_AT14
QDRIID_D3 Write data bus[3] | 1.8-V HSTL Class | | PIN_AN13
QDRIID_D4 Write data bus[4] | 1.8-V HSTL Class | | PIN_AU14
QDRIID_D5 Write data bus[5] | 1.8-V HSTL Class | | PIN_AU12
QDRIID_D6 Write data bus[6] | 1.8-V HSTL Class | | PIN_BA9

QDRIID_D7 Write data bus[7] | 1.8-V HSTL Class | | PIN_AY8

QDRIID_D8 Write data bus[8] | 1.8-V HSTL Class | | PIN_AWS
QDRIID_D9 Write data bus[9] | 1.8-V HSTL Class | | PIN_AW9
QDRIID_D10 Write data bus[10] | 1.8-V HSTL Class | | PIN_AW10
QDRIID_D11 Write data bus[11] | 1.8-V HSTL Class | | PIN_AV11

QDRIID_D12 Write data bus[12] | 1.8-V HSTL Class | | PIN_AV12
QDRIID_D13 Write data bus[13] | 1.8-V HSTL Class | | PIN_AR13
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QDRIID_D14 Write data bus[14] 1.8-VHSTL Class | | PIN_AP13
QDRIID_D15 Write data bus[15] 1.8-V HSTL Class | | PIN_AM14
QDRIID_D16 Write data bus[16] 1.8-VHSTL Class | | PIN_AJ14
QDRIID_D17 Write data bus[17] 1.8-VHSTL Class | | PIN_AK14
QDRIID_QO Read Data bus[0] 1.8-VHSTL Class | | PIN_BA14
QDRIID_Q1 Read Data bus[1] 1.8-VHSTL Class | | PIN_BB13
QDRIID_Q2 Read Data bus[2] 1.8-VHSTL Class | | PIN_BC13
QDRIID_Q3 Read Data bus[3] 1.8-VHSTL Class | | PIN_BC10
QDRIID_Q4 Read Data bus[4] 1.8-VHSTL Class | | PIN_BC11
QDRIID_Q5 Read Data bus[5] 1.8-V HSTL Class | | PIN_BA10
QDRIID_Q6 Read Data bus|[6] 1.8-VHSTL Class | | PIN_BD10
QDRIID_Q7 Read Data busl[7] 1.8-VHSTL Class| | PIN_BBS8
QDRIID_Q8 Read Data bus|[8] 1.8-VHSTL Class| | PIN_BB9
QDRIID_Q9 Read Data bus[9] 1.8-VHSTL Class | | PIN_BD11
QDRIID_Q10 Read Data bus[10] 1.8-VHSTL Class | | PIN_BC12
QDRIID_Q11 Read Data bus[11] 1.8-VHSTL Class | | PIN_BB10
QDRIID_Q12 Read Data bus[12] 1.8-VHSTL Class | | PIN_BA12
QDRIID_Q13 Read Data bus[13] 1.8-VHSTL Class | | PIN_BB14
QDRIID_Q14 Read Data bus[14] 1.8-VHSTL Class | | PIN_AY14
QDRIID_Q15 Read Data bus[15] 1.8-VHSTL Class | | PIN_AU13
QDRIID_Q16 Read Data bus[16] 1.8-VHSTL Class | | PIN_AW13
QDRIID_Q17 Read Data bus[17] 1.8-VHSTL Class | | PIN_AY13
QDRIID_BWS_n0 Byte Write select[0] 1.8-VHSTL Class | | PIN_AV10
QDRIID_BWS n1 Byte Write select[1] 1.8-V HSTL Class | PIN_AY9
QDRIID_K_p Clock P Differential 1.8-V PIN_AW11
HSTL Class |
QDRIID_K_n Clock N Differential 1.8-V PIN_AY12
HSTL Class |
QDRIID_CQ_p Echo clock P 1.8-VHSTL Class | | PIN_AW15
QDRIID_CQ_n Echo clock N 1.8-VHSTL Class | | PIN_AW14
QDRIID_RPS_n Report Select 1.8-VHSTL Class | | PIN_AM15
QDRIID_WPS_n Write Port Select 1.8-VHSTL Class | | PIN_AN15
QDRIID_DOFF_n PLL Turn Off 1.8-VHSTL Class | | PIN_AT16
QDRIID_ODT On-Die Termination Input | 1.8-V HSTL Class | | PIN_AP15
QDRIID_QVLD ValidOutput Indicator 1.8-VHSTL Class | | PIN_AV13

www.terasic.com

TR10a-LPQ User Manual

32

www.terasic.com

April 16, 2019



http://www.terasic.com/

Table 2-14 QDRI+ SRAM E Pin Assignments, Schematic Signal Names, and

Functions
Schematic - Arria 10 GX
Signal Name Description 1/0 Standard Pin Number
QDRIIE_AO Address bus[0] 1.8-VHSTL Class | | PIN_BD30
QDRIIE_A1 Address bus[1] 1.8-VHSTL Class | | PIN_BD31
QDRIIE_A2 Address bus[2] 1.8-VHSTL Class | | PIN_AY28
QDRIIE_A3 Address bus[3] 1.8-VHSTL Class | | PIN_AY29
QDRIIE_A4 Address bus[4] 1.8-VHSTL Class | | PIN_BB30
QDRIIE_AS5 Address bus[5] 1.8-VHSTL Class | | PIN_BC31
QDRIIE_A6 Address bus|[6] 1.8-VHSTL Class | | PIN_BA29
QDRIIE_A7 Address busl[7] 1.8-VHSTL Class | | PIN_BA30
QDRIIE_A8 Address busl[8] 1.8-VHSTL Class | | PIN_AW28
QDRIIE_A9 Address bus[9] 1.8-VHSTL Class | | PIN_AW29
QDRIIE_A10 Address bus[10] 1.8-VHSTL Class | | PIN_BA32
QDRIIE_A11 Address bus[11] 1.8-VHSTL Class | | PIN_BB32
QDRIIE_A12 Address bus[12] 1.8-VHSTL Class | | PIN_AY31
QDRIIE_A13 Address bus[13] 1.8-VHSTL Class | | PIN_BA31
QDRIIE_A14 Address bus[14] 1.8-VHSTL Class | | PIN_AV28
QDRIIE_A15 Address bus[15] 1.8-VHSTL Class | | PIN_AV30
QDRIIE_A16 Address bus[16] 1.8-VHSTL Class | | PIN_AW30
QDRIIE_A17 Address bus[17] 1.8-VHSTL Class | | PIN_AR28
QDRIIE_A18 Address bus[18] 1.8-VHSTL Class | | PIN_AR27
QDRIIE_A19 Address bus[19] 1.8-VHSTL Class | | PIN_AT29
QDRIIE_A20 Address bus[20] 1.8-VHSTL Class | | PIN_AU29
QDRIIE_A21 Address bus[21] 1.8-VHSTL Class | | PIN_AT30
QDRIIE_DO Write data bus[0] 1.8-VHSTL Class | | PIN_AK33
QDRIIE_D1 Write data bus[1] 1.8-VHSTL Class | | PIN_AJ33
QDRIIE_D2 Write data bus[2] 1.8-VHSTL Class | | PIN_AK32
QDRIIE_D3 Write data bus[3] 1.8-V HSTL Class | | PIN_AM33
QDRIIE_D4 Write data bus[4] 1.8-VHSTL Class | | PIN_AN33
QDRIIE_D5 Write data busl[5] 1.8-VHSTL Class | | PIN_AT32
QDRIIE_D6 Write data bus[6] 1.8-VHSTL Class | | PIN_AR32
QDRIIE_D7 Write data bus|[7] 1.8-VHSTL Class | | PIN_AN32
QDRIIE_D8 Write data bus[8] 1.8-V HSTL Class | | PIN_AM32
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QDRIIE_D9 Write data bus[9] 1.8-VHSTL Class | | PIN_AP31
QDRIIE_D10 Write data bus[10] 1.8-VHSTL Class | | PIN_AR31
QDRIIE_D11 Write data bus[11] 1.8-VHSTL Class | | PIN_AT31
QDRIIE_D12 Write data bus[12] 1.8-VHSTL Class | | PIN_AV32
QDRIIE_D13 Write data bus[13] 1.8-VHSTL Class | | PIN_AU32
QDRIIE_D14 Write data bus[14] 1.8-VHSTL Class | | PIN_AU33
QDRIIE_D15 Write data bus[15] 1.8-VHSTL Class | | PIN_AR33
QDRIIE_D16 Write data bus[16] 1.8-VHSTL Class | | PIN_AP33
QDRIIE_D17 Write data bus[17] 1.8-VHSTL Class | | PIN_AU34
QDRIIE_QO Read Data bus[0] 1.8-VHSTL Class | | PIN_BB37
QDRIIE_Q1 Read Data bus[1] 1.8-VHSTL Class | | PIN_BA35
QDRIIE_Q2 Read Data bus[2] 1.8-VHSTL Class | | PIN_BB35
QDRIIE_Q3 Read Data bus[3] 1.8-VHSTL Class | | PIN_BC35
QDRIIE_Q4 Read Data bus[4] 1.8-VHSTL Class | | PIN_BB34
QDRIIE_Q5 Read Data bus[5] 1.8-VHSTL Class | | PIN_BB33
QDRIIE_Q6 Read Data bus[6] 1.8-VHSTL Class | | PIN_BC33
QDRIIE_Q7 Read Data bus[7] 1.8-VHSTL Class | | PIN_AY33
QDRIIE_Q8 Read Data bus[8] 1.8-VHSTL Class | | PIN_AY32
QDRIIE_Q9 Read Data bus[9] 1.8-VHSTL Class | | PIN_AV31
QDRIIE_Q10 Read Data bus[10] 1.8-VHSTL Class | | PIN_AW31
QDRIE_Q11 Read Data bus[11] 1.8-VHSTL Class | | PIN_BC32
QDRIIE_Q12 Read Data bus[12] 1.8-VHSTL Class | | PIN_BD33
QDRIIE_Q13 Read Data bus[13] 1.8-VHSTL Class | | PIN_BD34
QDRIIE_Q14 Read Data bus[14] 1.8-VHSTL Class | | PIN_BD35
QDRIIE_Q15 Read Data bus[15] 1.8-VHSTL Class | | PIN_BA34
QDRIIE_Q16 Read Data bus[16] 1.8-VHSTL Class | | PIN_BA37
QDRIIE_Q17 Read Data bus[17] 1.8-VHSTL Class | | PIN_AY36
QDRIIE_BWS _n0 Byte Write select[0] 1.8-VHSTL Class | | PIN_AN31
QDRIE_BWS_n1 Byte Write select[1] 1.8-VHSTL Class | | PIN_AK31
QDRIEE_K_p - Differential 1.8-V PIN_AL32
HSTL Class |
QDRIE K n SN Differential 1.8-V PIN_AL31
HSTL Class |

QDRIIE_CQ_p Echo clock P 1.8-VHSTL Class | | PIN_AL32
QDRIIE_CQ_n Echo clock N 1.8-VHSTL Class | | PIN_AL31
QDRIIE_RPS_n Report Select 1.8-VHSTL Class | | PIN_BC27
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QDRIIE_WPS_n Write Port Select 1.8-VHSTL Class | | PIN_BB27
QDRIIE_DOFF_n PLL Turn Off 1.8-VHSTL Class | | PIN_BA27
QDRIIE_ODT On-Die Termination Input | 1.8-V HSTL Class | | PIN_BD28
QDRIIE_QVLD Valid Output Indicator | 1.8-V HSTL Class | | PIN_BA36

2.9 QSPF+ Ports

The development board has two independent 40G QSFP+ connectors that use one

transceiver channel each from the Arria 10 GX FPGA device. These modules take in

serial data from the Arria 10 GX FPGA device and transform them to optical signals.

The board includes cage assemblies for the QSFP+ connectors. Figure 2-15 shows the
connections between the QSFP+ and Arria 10 GX FPGA.

QSFPA_TX_P[3:0]

QSFPA_TX_N[3:0]

QSFP’ A Connector
® ® ®

Control & Status

QSFPA_RX_P[3:0]

YYY

A A A

QSFPA_RX_N[3:0]

QSFPB_TX_P[3:0]

QSFP’ B Connector

QSFPB_TX_N[3:0]

Control & Status

YVYY

QSFPB_RX_P[3:0]

A A A

QSFPB_RX_N[3:0]

Figure 2-15 Connection between the QSFP+ and Arria GX FPGA

Table 2-15 and Table 2-16 list the QSFP+ A and B pin assignments and signal names

relative to the Arria 10 GX device.

Table 2-15 QSFP+ A Pin Assignments, Schematic Signal Names, and Functions

Schematic
' Description I/0 Standard
Signal Name

Arria 10 GX

Pin Number

QSFPA_TX_PO Transmitter data of channel 0 | 1.4-V PCML | PIN_BD5
QSFPA_RX PO Receiver data of channel 0 | 1.4-V PCML | PIN_BB5
QSFPA_TX_P1 Transmitter data of channel 1 | 1.4-V PCML | PIN_BC3
QSFPA_RX _P1 Receiver data of channel 1 | 1.4-V PCML | PIN_AY5
QSFPA_TX_P2 Transmitter data of channel 2 | 1.4-V PCML | PIN_BB1
QSFPA_RX_P2 Receiver data of channel 2 | 1.4-V PCML | PIN_BA3
QSFPA_TX_P3 Transmitter data of channel 3 | 1.4-V PCML | PIN_AY1
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QSFPA_RX_P3 Receiver data of channel 3 | 1.4-V PCML | PIN_AW3
QSFPA_MOD_SEL_n Module Select 1.8V PIN_AL36
QSFPA_RST _n Module Reset 1.8V PIN_AN37
QSFPA_SCL 2-wire serial interface clock 1.8V PIN_AV37
QSFPA_SDA 2-wire serial interface data 1.8V PIN_AV38
QSFPA_LP_MODE Low Power Mode 1.8V PIN_AU37
QSFPA_INTERRUPT _n Interrupt 1.8V PIN_AU39
QSFPA_MOD_PRS n Module Present 1.8V PIN_AT37

Table 2-16 QSFP+ B Pin Assignments, Schematic Signal Names, and Functions

Schematic —
. Description I/O Standard
Signal Name

Arria 10 GX
Pin Number

QSFPB_TX_PO Transmitter data of channel 0| 1.4-V PCML | PIN_AP1
QSFPB_RX_PO Receiver data of channel 0 | 1.4-V PCML | PIN_AN3
QSFPB_TX_P1 Transmitter data of channel 1| 1.4-V PCML | PIN_AM1
QSFPB_RX _P1 Receiver data of channel 1 | 1.4-V PCML PIN_AL3
QSFPB _TX P2 Transmitter data of channel 2| 1.4-V PCML | PIN_AK1
QSFPB_RX P2 Receiver data of channel 2 | 1.4-V PCML PIN_AJ3
QSFPB_TX_P3 Transmitter data of channel 3| 1.4-V PCML | PIN_AH1
QSFPB_RX_P3 Receiver data of channel 3 | 1.4-V PCML | PIN_AG3
QSFPB_MOD_SEL _n Module Select 1.8V PIN_AH36
QSFPB_RST_n Module Reset 1.8V PIN_AK36
QSFPB_SCL 2-wire serial interface clock 1.8V PIN_AL34
QSFPB_SDA 2-wire serial interface data 1.8V PIN_AM34
QSFPB_LP_MODE Low Power Mode 1.8V PIN_AL35
QSFPB_INTERRUPT_n Interrupt 1.8V PIN_AR34
QSFPB_MOD_PRS _n Module Present 1.8V PIN_AT34

2.10 PCI Express

The FPGA development board is designed to fit entirely into a PC motherboard with x8
or x16 PCI Express slot. Utilizing built-in transceivers on the Arria 10 GX device, it is
able to provide a fully integrated PCI Express-compliant solution for multi-lane (x1, x4,
and x8) applications. With the PCI Express hard IP block incorporated in the Arria 10
GX device, it will allow users to implement simple and fast protocol, as well as saving
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logic resources for logic application. Figure 2-16 presents the pin connection
established between the Arria 10 GX and PCI Express.

The Dual PCI Express interface supports complete PCI Express Gen1 at 2.5Gbps/lane,
Gen2 at 5.0Gbps/lane, and Gen3 at 8.0Gbps/lane protocol stack solution compliant to
PCI Express base specification 3.0 that includes PHY-MAC, Data Link, and transaction
layer circuitry embedded in PCI Express hard IP blocks.

Please note that it is a requirement that you connect the PCle external power connector
to 4-pin 12V DC power connector in the FPGA to avoid FPGA damage due to insufficient
power. The PCIE_REFCLK p signal is a differential input that is driven from the PC
motherboard on this board through the PCle edge connector. A DIP switch (S1) is
connected to the PCI Express to allow different configurations to enable a x1, x4, or x8
PCle.

Table 2-17 summarizes the Dual PCIl Express pin assignments of the signal names
relative to the Arria 10 GX FPGA.

€¢———— Data XCVR X8 ——————>

Clock Buffer 1:2 |¢—— 100MHz

<+— RST

PCI=>

EXPRESS’

d
<

4—— Data XCVR x8 ———Pp>

SMBus i

| -
Ll

Figure 2-16 PCI Express pin connection

Table 2-17 PCI Express Pin Assignments, Schematic Signal Names, and

Functions

Schematic - Arria 10 GX

. Description I/0 Standard .
Signal Name Pin Number
PCIE_TX p0 Add-in card transmit bus 1.4-V PCML PIN_AvV44
PCIE_TX p1 Add-in card transmit bus 1.4-V PCML PIN_AT44
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PCIE_TX p2 Add-in card transmit bus 1.4-V PCML PIN_AP44
PCIE_TX p3 Add-in card transmit bus 1.4-V PCML PIN_AM44
PCIE_TX p4 Add-in card transmit bus 1.4-V PCML PIN_AK44
PCIE_TX p5 Add-in card transmit bus 1.4-V PCML PIN_AH44
PCIE_TX_p6 Add-in card transmit bus 1.4-V PCML PIN_AF44
PCIE_TX p7 Add-in card transmit bus 1.4-V PCML PIN_AD44
PCIE_RX p0 Add-in card receive bus 1.4-V PCML PIN_AU42
PCIE_RX p1 Add-in card receive bus 1.4-V PCML PIN_AR42
PCIE_RX p2 Add-in card receive bus 1.4-V PCML PIN_AN42
PCIE_RX p3 Add-in card receive bus 1.4-V PCML PIN_AL42
PCIE_RX p4 Add-in card receive bus 1.4-V PCML PIN_AJ42
PCIE_RX p5 Add-in card receive bus 1.4-V PCML PIN_AG42
PCIE_RX p6 Add-in card receive bus 1.4-V PCML PIN_AE42
PCIE_RX p7 Add-in card receive bus 1.4-V PCML PIN_AC42
PCIE_REFCLK p Motherboard reference clock HCSL PIN_AH40
PCIE_PERST _n Reset 1.8-V PIN_AT25
PCIE_SMBCLK SMB clock 1.8-V PIN_AM25
PCIE_SMBDAT SMB data 1.8-V PIN_BD24
PCIE_WAKE_n Wake signal 1.8-V PIN_AN26
PCIE_PRSNT1n Hot plug detect - -
PCIE PRSNT2n x1 Hot plug detect x1 PCle slot - -
- - enabled using SW5 dip switch
PCIE_PRSNT2n x4 Hot plug d.etect x4 P-Cle sllot - -
enabled using SW5 dip switch
PCIE PRSNT2n x8 Hot plug detect x8 PCle slot - -
- - enabled using SW5 dip switch
PCIE2_TX_p0O Add-in card transmit bus 1.4-V PCML PIN_P44
PCIE2_TX p1 Add-in card transmit bus 1.4-V PCML PIN_M44
PCIE2_TX_p2 Add-in card transmit bus 1.4-V PCML PIN_K44
PCIE2_TX p3 Add-in card transmit bus 1.4-V PCML PIN_H44
PCIE2_TX p4 Add-in card transmit bus 1.4-V PCML PIN_F44
PCIE2_TX_p5 Add-in card transmit bus 1.4-V PCML PIN_D44
PCIE2_TX_p6 Add-in card transmit bus 1.4-V PCML PIN_B44
PCIE2_TX p7 Add-in card transmit bus 1.4-V PCML PIN_A42
PCIE2_RX pO Add-in card receive bus 1.4-V PCML PIN_N42
PCIE2_RX p1 Add-in card receive bus 1.4-V PCML PIN_L42
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PCIE2_RX p2 Add-in card receive bus 1.4-V PCML PIN_J42
PCIE2 RX p3 Add-in card receive bus 1.4-V PCML PIN_G42
PCIE2_RX p4 Add-in card receive bus 1.4-V PCML PIN_E42
PCIE2_RX_p5 Add-in card receive bus 1.4-V PCML PIN_D40
PCIE2_RX_ p6 Add-in card receive bus 1.4-V PCML PIN_C42
PCIE2_RX p7 Add-in card receive bus 1.4-V PCML PIN_B40
PCIE2_REFCLK p Motherboard reference clock HCSL PIN_Y40
PCIE2_PERST _n Reset 1.8-V PIN_AR24

2.11 2x5 Timing Header

The FPGA board has one 2x5 GPIO header J5 for expansion function. The pin-out of
J5 is shown in Figure 2-17. GPIO_P0O ~ GPIO_P3 are bi-direction 1.8V GPIO.
GPIO_CLKO and GPIO_CLK1 are connected to FPGA dedicated clock input and can
be configured as two single-ended clock signals or one differential clock signal. Users
can use Terasic defined RS422-RJ45 board and TUB (Timing and UART Board) for
RS422 and external clock inputs/UART applications.

Table 2-18 shows the mapping of the FPGA pin assignments to the 2x5 GPIO header.
J4

VCC3P30O—p50

GPIO_CLKO
GPIO_CLKI1

GPIO_P1
> GPIO_P?
-~ GPIO_F3

oo AN

Q0000
O©O~NOTW=

VCC1P80O

10
HEADER 2X5 —

Figure 2-17 Pin-out of Timing Expansion Header

Table 2-18 Timing Expansion Header Pin Assignments, Schematic Signal

Names, and Functions

Stratix 10
Schematic o .

. Description 1/0 Standard GX/SX Pin

Signal Name

Number

GPIO_PO Bi-direction 1.8V GPIO 1.8-V PIN_W13
GPIO_P1 Bi-direction 1.8V GPIO 1.8-V PIN_W9
GPIO_P2 Bi-direction 1.8V GPIO 1.8-V PIN_W10
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GPIO_P3 Bi-direction 1.8V GPIO 1.8-V PIN_W14
FPGA dedicated clock input or PIN_AN7
GPIO_CLKO 1.8-V
- Bi-direction 1.8V GPIO
FPGA dedicated clock input or PIN_ANS8
GPIO_CLK1 1.8-V

Bi-direction 1.8V GPIO
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Chapter 3

Flash Programming

s you develop your own project using the Altera tools, you can program the

flash memory device so that your own design loads from CFI flash memory into

the FPGA on power up. This chapter will describe how to use Altera Quartus
Prime Programmer Tool to program the common flash interface (CFl) flash memory
device on the FPGA board.

The Arria 10 GX FPGA development board ships with the CFI flash device
preprogrammed with two FPGA configurations. The two configuration images are called:
factory image and user image, respectively.

3.1 FPGA Configure Operation

Below shows the procedure to enable the FPGA configuration from Flash. Users can
select one boot image between factory image and user image.

1. Make sure the two default FPGA configurations data has been stored in the CFI
flash.

2. Set the FPGA configuration mode to FPPx16 mode by setting S1 MSEL[2:0] as
000 as shown in Figure 3-1.

3. Specify the configuration of the FPGA using the default Factory Configuration
Image or User Configuration Image by setting S1.4 according to Figure 3-2. When
the switch is in position “1”, the factory image is used when the system boots.
When the switch is in position “0”, user image is used when the system boots.

4. Power on the FPGA board or press the MAX_RST button if board is already
powered on,

5. When the configuration is completed, the green Configure Done LED will light. If
there is an error, the red Configure Error LED will light.
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Figure 3-1 MSEL[2:0]=000

Figure 3-2 Configuration Image Selection

3.2 CFI Flash Memory Map

The TR10a-LPQ has one 1-Gbit, 16-bit data width, CFI compatible synchronous flash
device for non-volatile storage of the FPGA configuration data, user Nios Il code, and
user data. Both MAX V CPLD and Stratix 10 GX FPGA can access this Flash device.

MAXV CPLD accesses flash for FPP x16 configuration of the FPGA at power-on and
board reset events. It uses the PFL-Il Mega function. Arria10 10 GX FPGA access to
the flash memory's user space is done by Nios II.

Table 3-1 shows the memory map for the on-board flash. This memory provides non-
volatile storage for two FPGA bit-streams and Nios |l Program, users data, as well as
FPL option bits for PFL Il configuration bits and board information. For the factory default

code to run correctly and update designs in the user memory, this memory map address
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must not be altered.
Table 3-1 Flash Memory Map (Byte Address)

Block Description Size(KB) Address Range

Factory Board Information 128 0x00010000 — 0x0002FFFF
PFL option bits 64 0x00030000 — Ox0003FFFF
Factory hardware 44,032 0x00040000 — 0x02B3FFFF
User hardware 44,032 0x02B40000 — 0x0563FFFF
Factory software 8,192 0x05640000 — OXxO5E3FFFF
User software and data 34,560 0x05E40000 — OxO7FFFFFF

The Factory Board Information stores the Manufacture Serial Number of the FPGA
board. The Serial Number is a 13 digital number with format mmmmmmmm-nnnn.

Users can find the number on the serial number sticker on the FPGA board.

The PFL option bits contains the image location of the Factory hardware and User
hardware, so the PLF Il IP in the MAX V CPLD can know where to find the FPGA
configuration data. If developers erase all flash content, please ensure that the PFL
option is reprogrammed with the FPGA configuration data.

For user's application, the User hardware must be stored with start address
0x02B40000, and the user’s software is suggested to be stored with start address
0x05E40000. Users also can overwrite the Factory hardware and Factory software
based on their application. Factory hardware must be stored with start address
0x00040000, and the Factory software should be stored with start address 0x05640000.
We strongly recommend users to use the batch file in the Flash_Restore folder to write
the hardware and software data into the CFI-Flash.

3.3 Flash Example Designs

There are four flash example designs and one programming batch folder in the
Demonstration folder under the System CD as shown in Table 3-2.

Table 3-2 Flash Example Design
Flash_Programming This is the flash programming design. It is used to write
data into FLASH by a Quartus Programmer.
Flash_Factory A simple example design. Its FPGA configure data and
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Nios Il codes are stored in the Factory Image Area.
Flash_User A simple example design. Its FPGA configure data and
Nios Il codes are stored in the User Image Area.
Flash_Tool A Nios Il program shows how to access flash content.
Flash_Restore A batch file used for to programming Flash_Factory and
the Flash_User project into CFI Flash.

Figure 3-3 shows the relationship between the three examples — Flash_Programming,
Flash_Factory and Flash_User. The Flash_Programming example is used to write
data into the CFI Flash on the FPGA Board. The Flash_Factory and Flash_User are
simple designs with Nios Il processor. These two designed are written into CFI-Flash
so they are selected to configure the FPGA when the FPGA is powered on.

Flash_Programming.sof
JTAG
(USB Blaster)
sof & .elf

FPGA Configure

User
FPGA Configure Data

User
Nios Il Program

Figure 3-3 Relationship between three flash examples

The Flash_Tool is designed to show how to access flash via the Nios Il processor. The
design shows how to erase flash and read flash content.

3.4 Flash_Programming Example

The Flash_Programing project is designed to program CFI flash by a Quartus
Programmer. In the project, Intel Parallel Flash Loader Il IP is used to program the CFI-
Flash. Figure 3-4 shows the Generic Setting in the IP. “Flash Programming” operation
mode is used, and “CFl Parallel Flash” is selected. Figure 3-5 shows the Flash Interface
Setting. “CFl 1 Gbit” is selected. The Flash_Programming.sof generated by this
program is used in the flash programming batch files located in the Flash_Restore
folder.
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3 Parameters #

System: pfl_ii Path: parallel_flash lcader_2_0
Parallel Flash Loader II Intel FPGA IP I

altera parallel flash loader 2

General Flash Interface Setting Flash Programming

What operating mode will be used?: |Flash Programming v

What is the targeted flash?: CFI Parallel Flash

Set flash bus pins to tri-state when not in use

Figure 3-4 General Setting in PFL Il IP

4 Parameters
System: pfl_ii Path: parallel flash_loader 2 0

Parallel Flash Loader II Intel FPGA IP
altera_parallel_flash loader_2

General Flash Interface Setting Flash Programming

How many flash devices will be used?: 1 v
What's the largest flash device that will be used?: |CFI 1 Gbit ~
What is the flash interface data width?: 16 bits v~

Allow user to control the FLASH NRESET pin

Figure 3-5 Flash Interface Setting in PFL Il IP

3.5 Flash_Factory Example

The Flash_Factory is designed to show how to create a Nios Il code which is booted
from the Factory Software location in the CFI Flash when the board is powered on. This
project’'s FPGA configuration data and Nios Il code are stored in the Factory Hard area
and Factory Software area of the CFI Flash when the FPGA board is shipped.

To develop this kind of boot code, first, developers need to include the Tri-State Conduit
Bridge and the Generic Tri-State Controller in the Platform Designer (formerly Qsys)
to implement the flash controller function, and connect the Nios Il processor’s data bus
and instruction bus to the flash controller as shown in Figure 3-6. Then, specify the
Factory Software Location 0x05640000 as Reset Vector in the Nios Il Processor
component as shown in Figure 3-7. Finally, developers need to uncheck the
allow_code_at_reset and enable_alt_load options in the BSP editor under of Nios Il
IDE tool (Nios Il Software Builder Tools for Eclipse) as shown in Figure 3-8.
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*

> System Contents

Address Map &

Interconnect Requirements i

= |« W System: system Path: clk 50
: Use Connections Name Description Export Clock Base
11y LULEL UL UTHUGL Leing
x B jtag_uart JTAG UART Intel FPGA IP
=] clk Clock Input clk_50
= reset Reset Input [clk]
- avalon_jta... [Avalon Memory Mapped Slave [clk] 0x0804_1048
v — irg Interrupt Sender [clk]
x = led PIO (Parallel I/0) Intel FPGA IP
clk Clock Input clk_50
reset Reset Input [clk]
sl lAvalon Memory Mapped Slave [clk] 0x0804_1030
< external_c. .. [Conduit led_externa...
B led bracket [PI0 (Parallel I/0) Intel FPGA IP
clk Clock Input clk_50
reset Reset Input [clk]
sl Avalon Memory Mapped Slave [elk] 0x0804_1020
= external c.. [Conduit led_bracket. ..
<H ext_flash |Generic Tri—State COntl;O—l_lEl;—_D
clk Clock Input clk_50
reset Reset Input [clk]
uas Avalon Memory Mapped Slave [clk] <& _0x0000_0000 >
T tem Tristate Conduit Master [elk]
B ¢fi_flash... |Tri-State Conduit Bridge
clk (Clock Input clk 50
reset Reset Input [elk]
LAY . Tl cbndtn Fandie ©lonn r-1.1

Figure 3-6 Flash Controller Settings in Platform Designer (formerly Qsys)

s Nios Il Processor - nios2_gen2
“ Nios II Processor
megaten  altera_nios2_gen2
Diagram .
signals Main Vectors Caches and Memory Interfaces Arithmetic Instructions MMU and
|' Reset Vector
nios Reset vector memory: ext_flash. uas b
10ck Reset vector offset: 0x05640000
reset Reset vector: 0x05640000
interrupt
mem_slave | 2ian nios_cust |" Exception Vector
Exception vector memory: onchip_memory2. sl b
Exception vector offset: 0x00000020
Exception vector: 0x08020020
|' Fast TLB Miss Exception Vector
Fast TLB Miss Exception vector memory: |None ~
Fast TLB Miss Exception vector offset: |0x00000000
Fast TLB Miss Exception vector: 0x00000000
£ > €

Figure 3-7 Factory Software Reset Vector Settings for NIOS Il Processor
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File Edit Tools Help

Main  software Packages Drivers Linker Script  Enable File Generation  Target BSP Directory

SOPC Information file: ..\..\system.sopcinfo
CPUname: nios2_gen2
Operating system:  Altera HAL Wersion: | default e
BSP target directory:  D:'my_file\SYM\ir 10apg'\cd_code'\Flash_Factory\software\NIOS_APP_bsp

[=-Settings - -
[H-Common hallinker

3 dvanced|

[ Jallow_code_at_reset

’_‘ enable_alt_load

enable_alt_load_copy_rodata
enable_alt_load_copy_rwdata

enable_alt_load_copy_exceptions

hal.make
build_pre_process: none
ar_pre_process: none
bsp_cflags_defined_symbols: none
ar_post_process: none
as niog2-glt-acc v

Figure 3-8 BSP Editor in Nios Il IDE

3.6 Flash_User Example

The Flash_User project is similar with the above Flash_Factory example code. This
project's FPGA configuration data and Nios Il code are stored in the User Hard area
and User Software area when the FPGA board is shipped.

The major difference between the Flash_User and Flash_Factory is the Reset Vector
address in the Nios Il processor component and the LED control code in Nios Il program.
The User Software Location 0x05E40000 is used as Reset Vector as shown in Figure
3-9.

Nios II Processor
Mmegatore  Altera_nios?_gen?

Block :.;: N :
. Main Vectors Caches and Memory Interfaces Arithmetic Instructions MMU and MPU Se
DShow signals
I'Rifset Vector
Reset vector memory: ext_flash. uas v

clk Reset vector offset: 0x05240000

.reset Reset vector: 0x05e40000

irg

Figure 3-9 User Software Reset Vector Settings for NIOS Il Processor
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3.7 Flash_Tool Example

This example show how the Nios Il program accesses the FLASH. Figure 3-10 shows
a screenshot of the Flash_Tool menu shown under Nios Il terminal.

& Altera Nios Il EDS 18.0 [gcc4] — O X
Info ( ) d P

erminate)

Figure 3-10 Screenshot of Flash_Tool menu

The tools provide the following functions:
® Show CFI Flash Size
Show Option bits used by FPP x16 Configuration
Read Serial Number from the CFI Flash
Erase Serial Number to the CFI flash
Erase option bits used by FPP x16

Erase whole flash

3.8 Programming Batch File

The Flash_Restore folder includes batch files to program the Factory image and User
image into the CFl flash. Figure 3-11 shows the contents of the Flash_Restore folder.
The factory subfolder includes the .sof & .elf files generated by the Flash_Factory
project. The user subfolder includes the .sof & .elf files generated by the Flash_User

project. Flash_Programming.sof is generated by the Flash_Programming project.
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o factory

@ user

[ flash.cdf

[ flash.cof

[ ] flashmap

[ ] flash.pof
flash_program.bat

L] flash_program.sh

[ Flash Programming.sof

Figure 3-11 Flash_Restore folder content

The flash_program.bat is the top batch file for flash programming. The batch file will
configure the FPGA with Flash_Programming.sof (Parallel Flash Loader Il IP) and
launch flash_program.sh Nios Il command batch file to perform the following tasks:

1. Use Nios Il utilities elf2flash and nios2-elf-objcopy to convert Factory Nios Il
code and User Nios Il code to factory_sw.hex and user_sw.hex, respectively.

2. Use quartus_cpf utility according to a given configuration file flash.cof to merger
all files (factory_sw.hex, user_sw.hex, factory .sof file, user .sof file, and option bit)
into a single file flash.pof.

3. Use jtagconfig utility to adjust jtag speed.

4. Use quartus_pgm utility to program flash with flash.pof.

Developers can copy their .sof & .efl files into the factory folder or the user folder, and
launch the flash_program.bat to program their code into the CFI-Flash.

3.9 Restore Factory Settings

This section describes how to restore the original Factory image and User image into
the flash memory device on the FPGA development board. A programming batch file
located in the Flash_Restore folder is used to restore the flash content. Performing the
following instructions can restore the flash content:

1. Make sure the Nios Il EDS and USB-Blaster Il driver are installed.
2.  Make sure the FPGA board and PC are connected with an USB Cabile.
3. Power on the FPGA board.
4. Copy the “Demonstrations/Flash_Restore” folder under the CD to your PC’s
local drive.
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5. Execute the batch file flash_program.bat to start flash programming.

After restoring the flash, perform the following procedures to test the restored boot code.
1. Power off the FPGA Board.
2. Set FPGA configuration mode as FPPx16 Mode by setting S1 MSEL[2:0] to
000.
3. Specify configuration of the FPGA to Factory Hardware by setting the
FACTORY_LOAD dip in S1.4 to the ‘1’ position.
4. Power on the FPGA Board, and the Configure Done LED D4 should light up.

The batch file converts the Factory and User .sof/.elf and PFL option bit into a flash.pof
file and use Quartus Programmer to program the CFI-Flash with the generated flash.pof.
The factory subfolder includes Flash Programming.sof and NIOS APP.elf files
generated by Flash_Factory project, and the wuser subfolder includes
Flash_Programming.sof and NIOS_APP.elf files generated by Flash_User project. The
Flash_Programming.sof under the Flash_Restore folder is used to program flash by
Quartus Programmer.
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Chapter 4

Peripheral Reference Design

his chapter introduces TR10a-LPQ peripheral interface reference designs. It

mainly introduces Si5340 chip which is a programmable clock generator. We

provide two ways (Pure RTL IP and NIOS/Qsys System) respectively to show
how to control Si5340 to output desired frequencies, as well as how to control the fan
speed. The source codes and tool of these examples are all available on the System
CD.

4.1 Configure Si5340A in RTL

There is a Silicon Labs Si5340A clock generators on TR10a-LPQ FPGA board can
provide adjustable frequency reference clock (See Figure 4-1) for QSFP+ connectors
and memory modules (QDR-II+). The Si5340A clock generator can output four
differential frequencies from 100Hz ~ 712.5Mhz though 12C interface configuration. This
chapter will show you how to use FPGA RTL IP to configure each Si5340A PLL and
generate users desired output frequency to each peripheral.

Si5340A LVDS AC Coupling

intel.

Default:444.x MHz, for QSFP+B )
LVDS »
i Default:644.x MHz, for QSFP+A >
-
Default:275 MHz, for QDRII+ SRAM-E ® 1 o
S - CArria

Default:275 MHz x4, Gx
< for QDRII SRAM-A/B/C/D
N7 - §i53306 —= S
DC Coupling
4-Output 1:4 Clock Buffer (LVDS)

Clock Generator

Figure 4-1 The clock tree of the TR10a-LPQ

B Creating Si5340A Control IP

The Si5340A control IP is located in the folder: "\Demonstrations\si5340_controller" in
the System CD. Developers can use the IP directly in their Quartus top. Developers can
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refer to the example in Demonstrations/Clock_Controller folder. This example shows

how to instantiate the IP in Quartus top project (See Figure 4-2).

1/

// Configure SI5340n

A

‘define XCVR_REF 644M53125 4"ho
‘define XCVR_REF 322M265625 4'hl
‘define XCVR_REF 250M 4'h2
‘define XCVR_REF 125M 4"h3
‘define XCVR_REF 100M 4'h4
‘define MEM REF_ 275M 4'hé
‘define MEM REF 250M 4'h2
14/

// REG/WIRE declarations

A

//-—815340

wire 2i5340a_controller start;
wire 5i5340a_config _done;

[/

// Btructural coding

A

assign 5i5340a_controller_5tart ~BUTTCON[C] H
//—-—Configure SI5340R0
|TR1I0ALPQ SIS340A CONFIG 5i5340a_controller(
.iCLE  (CLE_50 B2H),
.iRST_n(CPU_RESET n),
.iStart (si5340a_controller start),
.1XCVR0O REFCLK ( XCVR _REF £44M53125),// XCVR REF 644M53125),//QSFP-EB
.1XCVR1_REFCLK ( XCVR_REF_3222M2€5623) ,// XCVR_REF E44M53123),//QSFP-2
.iMEM REFCLE ( MEM REF 250M}),// MEM REF 275M),//QDRIIZ/B/C/D/E
.I2C CLE (SI5340a I2C 3CL),
.I2C_DATA (SI5340& I2C_SDR),
.oPLL REG CONFIG DONE (si5340a config done)

)i

assign SIS340A OE n = 1'b0;
assign SIS340A RST n CFU_RESET_n;

Figure 4-2 The controller IP of the SiS340A
B Using Si5340A control IP
Table 4-1 lists the instruction ports of Si5340A Controller IP.

Table 4-1 Si5340A Controller Instruction Ports

Port Direction Description
iCLK input  |System Clock (50Mhz)
. . Synchronous Reset
iRST_n input
(0: Module Reset, 1: Normal)
iStart input  |Start to Configure (positive edge
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trigger)

iXCVRO_REFCLK
iXCVR1_REFCLK input
iIMEM_REFCLK

Setting Si5340A Output Channel
Frequency Value

Si5340 Configuration status
oPLL_REG_CONFIG_DONE | output |(0: Configuration in Progress, 1:
Configuration Complete)
[2C_DATA inout |[I2C Serial Data to/fromSi5340A
12C_CLK output |[I2C Serial Clock to Si5340A

As shown in Table 4-2 and Table 4-3, Si5340A control IP have preset several output
frequency parameters, if users want to change frequency, users can fill in the input ports
" iXCVRO_REF_CLK", " iXCVR1_REF_CLK" and " iMEMO_REF_CLK" with desired
frequency values and recompile the project. For example, in the components Si5340A,
change

XCVRO_REFCLK('XCVR_REF 644M53125),
to
XCVRO_REFCLK('XCVR_REF _322M265625),

Recompile project, the Si5340A OUTO channel (for QSFP+) output frequency will
change from 644.53125Mhz to 322.26562Mhz.

Table 4-2 Si5340A Controller Reference Clock Frequency Setting for QSFP+
iXCVRO_REFCLK

iXCVR1_REFCLK Si5340A Channel Clock Frequency (MHz)

Input Setting
4'h0 644.53125
4'h1 322.265625
4'h2 250
4'h3 125
4'h4 100

Table 4-3 Si5340A Controller Reference Clock Frequency Setting for Memory

iMEM_REFCLK .
) Si5340A Channel Clock Frequency (MHz)
Input Setting
4'h2 250
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4'h6 275

Users can also dynamically modify the input parameters, and input a positive edge
trigger for “iStart”, then, Si5340A output frequency can be modified.

After the manually modifying, please remember to modify the corresponding frequency
value in SDC file.

B Modify Clock Parameter for Your Own Frequency

If the Si5340A control IP built-in frequencies are not users’ desired, users can refer to
the below steps to the modify control IP register parameter settings to modify the IP to
output a desired frequency.

1. Firstly, download ClockBuilder Pro Software (See Figure 4-3), which is provided
by Silicon Labs. This tool can help users to set the Si5340A’s output frequency
of each channel through the GUI interface, and it will automatically calculate the
Register parameters required for each frequency. The tool download link:

http://url.terasic.com/clockuilder ro oftware

(%) ClockBuilder Pro Wizard - Silicon Labs

&= | ClockBuilder Pro Wizard

SILICON LABS | We Make Timing Simple

Work With a Design Quick Links

D, Create New Design Jitter Attenuator Clock Products

Knowledge Base

@ Open Design Project File Custom Part Number Lookup

ClockBuilder Go iOS App

@ Open Sample Design FTn ]
Applications Documentation

{ili: No EVB Present 10/40/100G Line Card White Paper
No Si538x/4x evaluation board has been detected. Clock Generators for Cloud Data Centers White Paper

Tool Optimizing Si534x Jitter Performance App Note
s SyncE and IEEE 1588 App Note

= Export Configuration : .
L —
CBPro Qverview
CBPro Knowledge Base

Version 1.7.1
Built on 4/3/2015
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Figure 4-3 ClockBuilder Pro Wizard

2. After the installation, select Si5340, and configure the input frequency and output
frequency as shown in Figure 4-4.

1 0o ke === e
ClockBuilder Pro w71 . SILICON LABS

tep 5 of 8 - Define Qutput Frequencies ¥ Configuring 5i5340

Output Mode Frequency N Divider -]
OUTO  |Enabled B [644.53125 MHz B~ @
OUTL |Enabled | [322.265625 MHz B Ao B
ouT2  |Enabled B [3125MmHz B Ao B
OUT3  |Enabled B [250 MHz g~ @
o outo
=
g
@ ouTt
L]
o
H
- ourz
g
=
2 ouT3
—
@FrequencyPlanValid 2 Wamings Pd: 830 mW, Tj: 88 °C <Back || Next> |[ Finish |[ Cancel

Figure 4-4 Define Output Clock Frequencies on ClockBuilder Pro Wizard

3. After the setting is completed, ClockBuilder Pro Wizard generates a Design
Report(text), which contains users setting frequency corresponding register
value (See Figure 4-5).
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' 5i5340-Project - ClockBuilder Pro (= [ [

ClockBuilder Pro w71 %

Design Dashboard ¥

. . .|| Desjgn Report
You did not make any changes to your $i5340 desil P
T TZS O STIIEU-KEVISION 5] IO UETICE TU COMPTY WITI e
ecifications.
Zk Edit Configuration with Wizard
Design ID & Notes - Host Interface -
Input Clocks & 7DB 'I”DUF Clock Select - Location Setting Name Decimal Value Hex Value
Output Clocks - Qutput Drivers - LOS - INTR
0x000B[0:6]  I2C ADDR 116 0x74
0x0017[0] SYSINCAL_INTR_MSK 0 0x0
. . . 0x0017[1] LOSXAXS_INTR_MSK 0 0x0
Save Design to Project File 0x001712] LOSREF INTR HSK 5 0x0
3 ioni : ] 0x001713] LOL_INTR MSK 0 0x0
Your conflgurai,on is stcreld to a projeft file, on001715] SHETMODT THTR MsK H pios
can be opened in ClockBuilder Pro at/a 0x0018[0:3]  LOSTN_TNTE_MSK 15 OxF
0x0021[0] IN_SEL_REGCTRL 1 oxl
0x0021[1:2]  IN_SEL 3 0x3
0x0022[1] oF 0 0x0
0x002B[3] SPI_3WIRE 0 0x0
0%003B[5] AUTO_NDIV_UPDATE 0 0x0
0x002C[0:3]  LOS_EN 0 0x0
0x002C[4] LOSXAXB_DIS 0 0x0
0x002D[0:1]  LOSO_VAL TIME 0 0x0 =
0x002D[2:3]  LOSL_VAL_TIME 0 0x0
0x002D[4:5]  LOS2_VAL TIME 0 0x0
0x002D[6:7]  LOS3_VAL TIME 0 0x0
0X002E[0:15) LOSO_TRG_THR 0 0%0000
0x0030[0:15] 1OSL_TRG_THR 0 0%0000
ro Create Custom Part Number 0x0032[0:15) LOS2_TRG_THR 0 020000
With just a few clicks, you can order factory fj| {0%0034[0:15] L0S3_TRG_TER 0 0x0000
. ) 0x0036[0:15] LOSO_CLR_THR 0 020000
programmed devices based on your config 0x0032[0:15) LOSL CLR THR 5 ox0000
0x003A[0:15] 1OS2_CLR_THR 0 0%0000
0x003C[0:15] 1OS3_CLR_THR 0 0%0000
0x0041[0:4]  LOSO_DIV_SEL 0 0%00
@ Frequency Plan Valid 2 Warnings . Pd: 830 0x0042[0:4] 1LOS1 DIV_SEL g 0=00 E
[ Copy to Clipboart ] [ Save Report ]

Figure 4-5 Open Design Report on ClockBuilder Pro Wizard

4. Open Si5340A control IP sub-module “si5340a_i2c_reg_controller.v “ as shown
in Figure 4-6, refer Design Report parameter to modify sub-module
corresponding register value (See Figure 4-7).

Entity:Instance
4% Arria 10: TOAX115N2F45E1SG
4 BB 71R10A_LPQ_CLOCK_RTL @
2be sld_hub:auto_hub
4 EE TR10ALPQ_SI5340A_CONFIG:si5340a_controller
clock_divider:clock_divider
edge_detectoredge_detector

2c_bus_controllerii2c_bus_controller

v initial_config:initial_config

4 ﬁuﬁ 5i5340a_i2c_reg_controller:si5340a_i2c_reg_controller |

v 5i5340a_freq_prameter_selector:f1

si5340a_freq_prameter_selector:f2

si5340a_freq_prameter_selector:f3

si5340a_freq_prameter_selector:f4

edge_detectorul N

Figure 4-6 Sub-Module file "si5340a_i2c_reg_controller.v"
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si5340a_i2c_reg_controller.v Design Report

Location Setting Name Decimal Value Hex Value
wire all reg address value end 0x0008[0:6)  12C ADDR 116 P
i 0x0017[0] SYSINCAL_INTR_MSK o 0x0
assign all parameter value ====—==== = 0x0017[1] 1OSXEXS INTR MK o 0x0
0x0017[2] LOSREF_INTR_MSK 0 0x0
wire [3:0] LOSFB_IN_INTR_MSK = 15 ; 0x0017([3] LOL_INTR_MSE o 0x0
wire IN_SEL_REGCTRL = 1 0x0017(5] SME_TMOUT INTR_MSK 0 0x0
wire [1:0] IN SEL g = 3 0x0018[0:3]  LOSIN INTR MSK 15 0xF
- - 0x0031001 IN _SEL REGCTRL 1 0x1
wire OUTALL_DISASLE_LOW =1 pzooziiiza) 1w ser 3 0x3
wire OUTO PDN - 0 OXO0ZZ 11T OF T U0
uire ouTo_ce e owornisl  ATENDTY_uEDATE 5 ox0
. - A %002 x
wire OUTO_RDIV_FORCEZ P OXDUZ‘CED]:S] Los EN 0 0x0
wire [2:0] OUTO_FORMAT - 0x002C[4] LOSXAXB DIS o 0x0
wire OUTO_SYNC_EN = 2 0x002D[0:1] 1OSO VAL TIME 0 0x0
wire [1:0] OUTO_DIS STATE =0 0x002D[2:3] LOS1 VAL TIME o 0x0
wire [1:0] OUTO_CMOS_DRV =0
wire [3:0] ouUTo_cH = 12
wire [2:0] OUTO_RMPL = 3
wire [2:0] OUTO_MUX_SEL =0
wire [1:0] OUTO_INV =0
wize OUT1_PDN = 0o :
wize OUT1_OE si= 1
wire OUT1_RDIV_FORCEZ =1
wire [2:0] OUT1_FORMAT =1
wize OUT1 SYNC EN =1 :

n l

Figure 4-7 Modify Si5340 Control IP Base on Design Report

After modifying and compiling, Si5340A can output new frequencies according to the
users’ setting.

Note:
1. No need to modify all Design Report parameters in
si5340a_i2c_reg_controller.v, users can ignore parameters which have nothing
to do with the frequency setting

2. After the manually modifying, please remember to modify clock constrain setting
in .SDC file

4.2 Nios 1l control for S15340

This demonstration shows how to use the Nios Il processor to program the
programmable oscillators (Si5340A) on the FPGA board

B System Block Diagram

Figure 4-8 shows the system block diagram of this demonstration. The system requires
a 50 MHz clock provided from the board. Si5340A is controlled by Nios Il through the
PIO controller, and programmed through 12C protocol which is implemented in the C
code. The [12C pins from chip are connected to Qsys System Interconnect Fabric
through PIO controllers. The Nios Il program toggles the PIO controller to implement

the 12C protocol. The Nios Il program is running in the on-chip memory.
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FPGA

g — e

System Interconection Fabric

- g
On-Chip
Memory “

Figure 4-8 Block diagram of the Nios Il Basic Demonstration

The program provides a menu in nios-terminal, as shown in Figure 4-9 to provide an
interactive interface. With the menu, users can perform the test for Si5340A. Note,
pressing ‘ENTER’ should be followed with the choice number.

&8 Altera Nios 1 EDS 18.0 [geed] = B X

Arria 18 Demo Program
[B]1 5i5348A
Input yvour chioce:

Figure 4-9 Menu of Demo Program

In the external PLL(Si5340A) programming test, the program will program the PLL first,
and subsequently will use TERASIC QSYS custom CLOCK_COUNTER IP to count the
clock count in a specified period to check whether the output frequency is changed as
configured. To avoid a Quartus Prime compilation error, dummy transceiver controllers
are created to receive the clock from the external PLL. Users can ignore the functionality
of the transceiver controller in the demonstration. For Si5340A programming, please
note the device 12C address are OxEE. The program can control the Si5340A to

configure the output frequency of QSFPA/B, QDRIIA/B/C/D/E REFCLK.
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B Demonstration File Locations

Hardware project directory: NIOS_BASIC_DEMO

Bitstream used: NIOS_BASIC_DEMO.sof

Software project directory: NIOS_BASIC_DEMO \software

Demo batch file: NIOS_BASIC_DEMO\demo_batch\test.bat, test.sh

B Demonstration Setup and Instructions

Make sure Quartus Prime 18.0 and Nios Il EDS are installed on your PC.

Power on the TR10a-LPQ board.

Use the USB Cable to connect your PC and the FPGA board and install USB
Blaster Il driver if necessary.

Execute the demo batch file “test.bat” under the batch file folder,
NIOS_BASIC _DEMO\demo_batch.

After the Nios Il program is downloaded and executed successfully, a prompt
message will be displayed in nios2-terminal.

For programmable PLL Si5340A test, please input key “0” and press “Enter” in the
nios-terminal first, then select the desired output frequency of QSFPA/B/C/D
REFCLK, as shown in Figure 4-10.

B Altera Nios I EDS 18.0 [gecd] =B8] X

Arria 18 Demo Program
[A]1 S5i5348n
Input your chioce:8
£i5348A Programming
[A] 644.531258 MH=z
[11 322.265625 MH=z
[2]1 275.080808 MH=z
[3]1 250.080808 MH=z
[Other] exit
select QSFPB_REFCLK:8
select QSFPA_REFCLK:1
select GQDRITE_REFCLK:2
select QDRIIABCD_REFCLK:2

I12C core is enabled?
[515438]1 5153400 _Config_Init success
[5154381 515348A_Conf iguration success
QSFPB-644_.531258MHz ref clock test PASS {(clk1=998. clk2=12865, expected clk2=12864>
QSFPA-322.265625MHz ref clock test PASS <(clki=998. clk2=6432., expected clk2=6432>
QDRIIE~275.000808MHz ref clock test PASS <(clki=998,. clk2=5489, expected clk2=5489>
QDRI IABCD-275 .00BAAAMHz ref clock test PASS (clki1=998. clk2=5489, expected clk2=5489>
$i5348A Test:PASS

Arria 18 Demo Program
[B]1 5i5348A

Input your chioce:
4 nr 3

Figure 4-10 Si5340A Demo
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Chapter 5

Memory Reference Design

his chapter will show two examples which use the Altera Memory IP to perform
memory test functions. The source codes of these examples are all available
on the FPGA System CD. These three examples are:

® QDRI+ SRAM Test: Full test of the five banks of QDRI+ SRAM
® QDRI+ SRAM Test by Nios IlI: Full test of five banks of QDRI+ SRAM with
Nios Il

Note. 64-Bit Quartus Prime Standard 18.0 or later is strongly recommended for
compiling these projects.

5.1 QDRII+ SRAM Test

QDR 1I/QDR 11+ SRAM devices enable you to maximize memory bandwidth with
separate read and write ports. The memory architecture features separate read and
write ports operating twice per clock cycle to deliver a total of four data transfers per
cycle. The resulting performance increase is particularly valuable in bandwidth-
intensive and low-latency applications.

This demonstration utilizes five QDRI+ SRAMs on the FPGA board. It describes how
to use Altera’s “Arria 10 External Memory Interfaces” (Arria 10 EMIF) IP to implement a

memory test function.

B Function Block Diagram

Figure 5-1 shows the function block diagram of the demonstration. The five QDRI+
SRAM controllers are configured as a 72Mb controller. The QDRI+ SRAM IP generates
a 550MHz clock as memory clock and a half-rate system clock, 275MHz, for the

controllers.
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QDRII+ SRAM (A)
QDRIIA_REFCLK_p =————p
RZQ_QDRII_A ————  Arria 10 EMIF

QDRI+ ' | -
(B o e b scom s
-

QDRIIB_REFCLK_p =
RZQ_QDRII_B ———  Arria 10 EMIF

ODRII%
ity = e «»-lm»-m

QDRIIC_REFCLK_p =——————p
RZQ_QDRII_C ————p Ama 10 EMIF

ODR”+
BUTTONO
QDRIID_REFCLK_p =—————p
RZQ_QDRII_D =%  Arria 10 EMIF
QDRII«»
s --m_

QDRI+ SRAM (E)
Arria 10 EMIF

QDRI+ SRAM (B)

QDRI+ SRAM (C)

QDRII+ SRAM (D)

QDRIIE_REFCLK_p
RZQ_QDRII_E

QDRI+
SRAM(E)

Figure 5-1 Function Block Diagram of the QDRI+ SRAM x4 Demonstration

The QDRIIA/B/C/D/E_REFCLK is generated from Si5340A which configured 275MHz
for QDRI+ 550MHz by Clock Config module. QDRIIA/B/C/D/E _REFCLK has no default
frequency output so that they must be configured first.

In this demonstration, each QDRI+ SRAM has its own PLL, DLL and OCT resources.
The Arria 10 EMIF QDRII IP uses a Hard PHY and a soft Controller. The Hard PHY
capable of performing key memory interface functionality such as read/write leveling,
FIFO buffering to lower latency and improve margin, timing calibration, and on-chip
termination.

The Avalon bus read/write test (RW_test) modules read and write the entire memory
space of each QDRI+ SRAM through the Avalon interface of each controller. In this
project, the RW_test module will first write the entire memory and then compare the
read back data with the regenerated data (the same sequence as the write data). Test
control signals for five QDRI+ SRAMs will generate from CPU_RESET_n and four

LEDs will indicate the test results of the first four QDRI+ SRAMSs.
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Altera QDRII and QDRI+ SRAM Controller with UniPHY

To use Altera QDRI+ SRAM controller, users need to perform the following steps in

order:

1. Create correct pin assignments for QDRII+.
2. Setup correct parameters in QDRI+ SRAM controller dialog.

Design Tools
Quartus Prime Standard 18.0

Demonstration Source Code
Project directory: QDRII_x5_Test_550MHz
Bit stream used: QDRII_x5_Test 550MHz.sof

Demonstration Batch File

Demo Batch File Folder: QDRII_x5_Test_550MHz\demo_batch

The demo batch files include the followings:

Batch file for USB-Blaster Il: test.bat,
FPGA configuration file: QDRII_x5_Test 550MHz.sof

Demonstration Setup

Make sure Quartus Prime Standard 18.0 and Nios Il EDS are installed on your PC.
Connect the USB cable to the FPGA board and host PC. Install the USB-Blaster Il
driver if necessary.

Power on the FPGA Board.

Execute the demo batch file “test.bat” under the batch file folder,
QDRII_x5_Test_550MHz \demo_batch.

Press CPU_RESET_n of the FPGA board to start the verification process. When
CPU_RESET _n is held down, all the LEDs will be turned off. All LEDs should turn
back on to indicate test passes upon the release of CPU_RESET _n.

If any LED is not lit up after releasing CPU_RESET_n, it indicates the
corresponding QDRI+ SRAM test has failed. Table 5-1 lists the matchup for the
four LEDs.

Press CPU_RESET_n again to regenerate the test control signals for a repeat test.

Table 5-1 LED Indicators
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LEDO QDRI+ SRAM(A) test result
LED1 QDRI+ SRAM(B) test result
LED2 QDRI+ SRAM(C) test result
LED3 QDRI+ SRAM(D) test result

5.2 QDRII+ SRAM Test by Nios Il

This demonstration hardware and software designs are provided to illustrate how to
perform QDRI+ SRAM memory access in QSYS. We describe how the Altera’s “Arria
10 External Memory Interfaces” IP is used to access the five QDRI+ SRAM on the
FPGA board, and how the Nios Il processor is used to read and write the SRAM for
hardware verification. The QDRI+ SRAM controller handles the complex aspects of
using QDRI+ SRAM by initializing the memory devices, managing SRAM banks, and
keeping the devices refreshed at appropriate intervals.

B System Block Diagram

Figure 5-2 shows the system block diagram of this demonstration. The QSYS system
requires one 50 MHz and five 550MHz clock source. The five 550MHz clock source is
provided by Si5340A clock generator on the board. Si5340A Config Controller is used
to configure the Si5340A to generate the required clock. The five 550MHz clock are
used as reference clocks for the QDRI+ controllers. There are five QDRII+ Controllers
are used in the demonstrations. Each controller is responsible for one QDRI+ SRAM.
Each QDRI+ controller is configured as a 8 MB QDRII+ controller. Nios Il processor is
used to perform memory test. The Nios Il program is running in the On-Chip Memory. A
P10 Controller is used to monitor buttons status which is used to trigger starting memory
testing.
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FPGA

| QDRI+
d Controller
50MHz A\
—
| “ QDRI+
Controller
“ QDRI+ i
Controller b
“ QDRI+ )
275MHz x5 | Controller
— — /
QDRI+
— ‘ “ Controller
“ PIO
3 | Controller J

Figure 5-2 Block diagram of the QDRI+ Demonstration

The system flow is controlled by a Nios Il program. First, the Nios Il program writes test

patterns into the whole 8 MB of SRAM. Then, it calls Nios Il system function,

alt_dcache_flush_all(), to make sure all data has been written to SRAM. Finally, it reads

data from SRAM for data verification. The program will show progress in JTAG-Terminal

when writing/reading data to/from the SRAM. When verification process is completed,

the result is displayed in the JTAG-Terminal.

Design Tools
Quartus Prime Standard 18.0.
Nios Il Eclipse 18.0

Demonstration Source Code

Quartus Project directory: NIOS_QDRII_x5_ 550
Nios Il Eclipse: NIOS_QDRII_x5_550\software
Nios Il Project Compilation

Nios Il Project Compilation

Before you attempt to compile the reference design under Nios Il Eclipse, make sure

the project is cleaned first by clicking ‘Clean’ from the ‘Project’ menu of Nios Il Eclipse.
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B Demonstration Batch File
Demo Batch File Folder: NIOS_QDRII_x5_550\demo_batch

The demo batch file includes following files:

® Batch File for USB-Blaster II: test.bat, test.sh
® FPGA Configure File: NIOS_QDRII_x5 550.sof
® Nios Il Program: TEST_QDRII.elf

B Demonstration Setup
Please follow below procedures to setup the demonstrations.

Make sure Quartus Prime Standard 18.0 and Nios Il 18.0 are installed on your PC.
Make sure both QDRI+ SRAMs are installed on the FPGA board.

Power on the FPGA board.

Use USB Cable to connect PC and the FPGA board and install USB Blaster Il
driver if necessary.

® Execute the demo batch file “test.bat” under the folder
“‘NIOS_QDRII_x5_550\demo_batch”.

® After Nios Il program is downloaded and executed successfully, a prompt message
will be displayed in nios2-terminal.

® Press Button1~Button0 of the FPGA board to start SRAM verify process. Press
ButtonO for continued test.

® The program will display progressing and result information, as shown in Figure
5-3.
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fcygdrive/e/SVN_external/tr10a_lpg/trunk/test/daisy/cd_demo/NIOS_QDRIl_x5_550...

% 100%

% 100%

v 100%

b 100%

% 100%

% 100%

Figure 5-3 Progress and Result Information for the QDRII+
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Chapter 6

PCI Express Reference Design

Cl Express is commonly used in consumer, server, and industrial applications,
to link motherboard-mounted peripherals. From this demonstration, it will show
how the PC and FPGA communicate with each other through the PCI Express
interface. Arria 10 Hard IP for PCI Express with Avalon-MM DMA IP is used in this
demonstration. For detail about this IP, please refer to Altera document

ug al10 pcie avmm dma.pdf.

6.1 PCI Express System Infrastructure

Figure 6-1 shows the infrastructure of the PCI Express System in this demonstration.
It consists of two primary components: FPGA System and PC System. The FPGA
System is developed based on Arria 10 Hard IP for PCI Express with Avalon-MM DMA.
The application software on the PC side is developed by Terasic based on Altera’s PCle

kernel mode driver.
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FPGA Windows

User Application

‘IIII.II....'

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

v

‘ TERASIC_PCIE_AVMM.DLL l

——

Arria 10 Hard IP for
PCI Express with
Avalon-MM DMA

User Mode

Kernel Mode

altera_pcie_win_driver.sys

Figure 6-1 Infrastructure of PCl Express System

6.2 PC PCI Express Software SDK

The FPGA System CD contains a PC Windows based SDK to allow users to develop
their 64-bit software application on Windows 7/Window XP 64-bit. The SDK is located
in the "CDROM \demonstrations\PCle_SW_KIT" folder which includes:

® PCI Express Driver
® PCI Express Library
® PCl Express Examples

The kernel mode driver assumes the PCle vender ID (VID) is 0x1172 and the device ID
(DID) is OXE003. If different VID and DID are used in the design, users need to modify
the PCle vender ID (VID) and device ID (DID) in the driver INF file accordingly.

The PClI Express Library is implemented as a single DLL named
"TERASIC_PCIE_AVMM.DLL".
This file is a 64-bit DLL. With the DLL is exported to the software API, users can easily

communicate with the FPGA. The library provides the following functions:

638
asliC TR10a-LPQ User Manual www.terasic.com
www.terasic.com April 16, 201 g



http://www.terasic.com/

® Basic data read and write
® Data read and write by DMA

For high performance data transmission, Altera AVMM DMA is required as the read and
write operations are specified under the hardware design on the FPGA.

6.3 PCI Express Software Stack

Figure 6-2 shows the software stack for the PCI Express application software on 64-bit
Windows. The PCI Express driver incorporated in the DLL library is called
"TERASIC_PCIE_AVMM.dII". Users can develop their applications based on this DLL.
The "altera_pcie_win_driver.sys" kernel driver is provided by Altera.

64-bits Windows

User Application

altera_pcie_win_driver.inf

Figure 6-2 PCI Express Software Stack
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B Install PCI Express Driver on Windows

The PCle driver is locate in the folder:

CDROM\Demonstrations\PCle_SW_KIT\Windows\PCle_Driver

The folder includes the following four files:

Altera_pcie_win_driver.cat
Altera_pcie_win_driver.inf
Altera_pcie_win_driver.sys
W(dfCoinstaller01011.dll

To install the PCI Express driver, please execute the steps below:

1.
2.
3.

Install the TR10a-LPQ on the PCle slot of the host PC

Make sure Altera Programmer and USB-Blaster Il driver are installed

Execute test.bat in "CDROM\Demonstrations\PCle_Fundamental\demo_batch"
to configure the FPGA

Restart windows operation system

Click Control Panel menu from Windows Start menu. Click Hardware and Sound
item before clicking the Device Manager to launch the Device Manager dialog.
There will be a PCI Device item in the dialog, as shown in Figure 6-3. Move the
mouse cursor to the PCI Device item and right click it to select the Update Driver
Software... item.

@U'P%I v Control Panel » Hardware and Sound » - |

File Edit “iew Tools Help

Control Panel Home . .
./ Devices and Printers

System and Security -__ﬂl’gﬂ Add a device | Addaprinter | Mouse 'E-J.' Device Manager

Metwork and Internet

* Hardware and Sound e uap EI@ CDs eretherm
File  &ction  Wiew Help
Programs
User Accounts and Family @ $| | E | | L | &% Manage audio
Safety a2 User-PC
Appearance and - {8 Computer ower buttons ¢
Personalization b g Disk drives Bnge when the
Clock, Language, and Region > LW Display adapters
Ease of Access b ek DVD/TD-ROM drives _
» g IDE ATA/BTAPI contrallers sereen resolut
o JTAG cables
b ¥ Metwork adapters
Aﬂb Other devices
@ PCI Device
> --f? Parts (COM & Update Driver Software...
>-R Processors Disable

b % Sound, video
o 1Ml Sustern device

Figure 6-3 Screenshot of launching Update Driver Software... dialog

Uninstall
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6. In the How do you want to search for driver software dialog, click Browse

my computer for driver software item, as shown in Figure 6-4.

7

l\\:::;l | Update Driver Software - PCI Device

How do you want to search for driver software?

= Search automatically for updated driver software
Windows will search your computer and the Internet 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.

Cancel

Figure 6-4 Dialog of Browse my computer for driver software

7. Inthe Browse for driver software on your computer dialog, click the Browse
button to specify the folder where altera_pcie_din_driver.inf is located, as shown

in Figure 6-5. Click the Next button.

@ Il Update Driver Software - PCI Device
Browse for driver software on your computer
Search for driver software in this location:
C:APCle_Driver| 'l Browse... ’
[¥]Include subfalders
< 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.

Figure 6-5 Browse for driver software on your computer
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8. When the Windows Security dialog appears, as shown Figure 6-6, click the
Install button.

&) [l Update Driver Software - PCI Device

Installing driver software...

| —

YWindows Security @
Would you like to install this device software?

=~ Marme: Sltera Corporation Altera PCI Device
_&' Publisher: Altera Corporation

[T] Always trust software from "Altera Corporation”. ([ Install D[ Don't Install J

@ You should only install driver software from publishers you trust. How can I decide
which device software is safe to install?

Figure 6-6 Click Install in the dialog of Windows Security

9. When the driver is installed successfully, the successfully dialog will appears, as
shown in Figure 6-7. Click the Close button.

() UL Update Driver Software - Altera PCLAPI Driver

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

L‘. Altera PCIAPL Driver

Close

Figure 6-7 Click Close when the installation of Altera PCI API Driver is complete
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Once the driver is successfully installed, users can see the Altera PCI API Driver

under the device manager window, as shown in Figure 6-8.

=4 Device Manager
File Action View Help

= HE HE

4 g User-PC

CE Altera PCT Dewice
¥ Altera PCIAPI Driver

> & Cormputer

8 | B %S

> g Disk drives

::- A Display adapters

sy DWDFCD-ROM drives

> Ao [IDE ATASATAPT contrallers

o JTAG cables

> -EF Metwork adapters

- 75 Ports (COM & LPT)

> R Processors

> -%| Zound, wideo and game controllers
- M Systerm devices

> - i Universal Serial Bus controllers

Figure 6-8 Altera PCI API Driver in Device Manager

B Create a Software Application
All the files needed to create a PCle software application are located in the directory
CDROM\demonstration\PCle_SW_KIT\PCle_Library. It includes the following files:

TERASIC_PCIE_AVMM.h
TERASIC_PCIE_AVMM.DLL (64-bit DLL)

Below lists the procedures to use the SDK files in users’ C/C++ project :

1.

2.
3.
4

Create a 64-bit C/C++ project.

Include "TERASIC_PCIE_AVMM.h" in the C/C++ project.

Copy "TERASIC_PCIE_AVMM.DLL" to the folder where the project.exe is located.
Dynamically load "TERASIC_PCIE_AVMM.DLL" in C/C++ program. To load the
DLL, please refer to the PCle fundamental example below.

Call the SDK API to implement the desired application.

Users can easily communicate with the FPGA through the PCle bus through the
"TERASIC_PCIE_AVMM.DLL" API. The details of API are described below:
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B PCIE_Open
Function:
Open a specified PCle card with vendor ID, device ID, and matched card index.

Prototype:
PCIE_HANDLE PCIE_Open(
WORD wVendorlD,
WORD wDevicelD,
WORD wCardIndex);
Parameters:
wVendorlD:
Specify the desired vendor ID. A zero value means to ignore the vendor ID.

wDevicelD:
Specify the desired device ID. A zero value means to ignore the device ID.
wCardIndex:
Specify the matched card index, a zero based index, based on the matched verder
ID and device ID.
Return Value:

Return a handle to presents specified PCle card. A positive value is return if the PCle
card is opened successfully. A value zero means failed to connect the target PCle
card.

This handle value is used as a parameter for other functions, e.g. PCIE_Read32.
Users need to call PCIE_Close to release handle once the handle is no more used.

B PCIE_Close

Function:

Close a handle associated to the PCle card.

Prototype:
void PCIE_Close(
PCIE_HANDLE hPCIE);

Parameters:

hPCIE:
A PCle handle return by PCIE_Open function.

Return Value:

None.

B PCIE_Read32

Function:
Read a 32-bit data from the FPGA board.
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Prototype:
bool PCIE_Read32(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
DWORD * pdwData);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
pdwData:
A buffer to retrieve the 32-bit data.

Return Value:
Return TRUE if read data is successful; otherwise FALSE is returned.

m PCIE_Write32

Function:
Write a 32-bit data to the FPGA Board.
Maximal write size is (4GB-1) bytes.

Prototype:
bool PCIE_Write32(
PCIE_HANDLE hPCIE,
PCIE_BAR PcieBar,
PCIE_ADDRESS PcieAddress,
DWORD dwData);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
PcieBar:
Specify the target BAR.
PcieAddress:
Specify the target address in FPGA.
dwData:
Specify a 32-bit data which will be written to FPGA board.
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Return Value:
Return TRUE if write data is successful; otherwise FALSE is returned.

® PCIE_DmaRead

Function:
Read data from the memory-mapped memory of FPGA board in DMA.
Maximal read size is (4GB-1) bytes.

Prototype:
bool PCIE_DmaRead(
PCIE_HANDLE hPCIE,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pBuffer,
DWORD dwBufSize

);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
LocalAddress:
Specify the target memory-mapped address in FPGA.
pBuffer:

A pointer to a memory buffer to retrieved the data from FPGA. The size of buffer|

should be equal or larger the dwBufSize.
dwBufSize:
Specify the byte number of data retrieved from FPGA.

Return Value:
Return TRUE if read data is successful; otherwise FALSE is returned.

B PCIE_DmaWrite

Function:

Write data to the memory-mapped memory of FPGA board in DMA.

Prototype:
bool PCIE_DmaWrite(
PCIE_HANDLE hPCIE,
PCIE_LOCAL_ADDRESS LocalAddress,
void *pData,
DWORD dwDataSize
);
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Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
LocalAddress:
Specify the target memory mapped address in FPGA.
pData:
A pointer to a memory buffer to store the data which will be written to FPGA.
dwDataSize:
Specify the byte number of data which will be written to FPGA.

Return Value:
Return TRUE if write data is successful; otherwise FALSE is returned.

B PCIE_ConfigRead32

Function:
Read PCle Configuration Table. Read a 32-bit data by given a byte offset.

Prototype:
bool PCIE_ConfigRead32 (
PCIE_HANDLE hPCIE,
DWORD Offset,
DWORD *pdwData

);

Parameters:
hPCIE:
A PCle handle return by PCIE_Open function.
Offset:
Specify the target byte of offset in PCle configuration table.
pdwData:
A 4-bytes buffer to retrieve the 32-bit data.

Return Value:
Return TRUE if read data is successful; otherwise FALSE is returned.

6.4 PCle Design - Fundamental

The application reference design shows how to implement fundamental control and data
transfer in DMA. In the design, basic I/O is used to control the BUTTON and LED on

the FPGA board. High-speed data transfer is performed by DMA.
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B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\demonstrations\PCle_fundamental\demo_batch
The folder includes following files:
® FPGA Configuration File: PCle_Fundamental.sof
® Download Batch file: test.bat
® Windows Application Software folder : windows_app, includes
< PCIE_FUNDAMENTAL.exe
< TERASIC_PCIE_AVMM.dII

B Demonstration Setup
1. Install the FPGA board on your PC as shown in Figure 6-9.

""\L'" E ‘

oy
FA

Figure 6-9 FPGA board installation on PC

2. Configure FPGA with PCle_Fundamental.sof by executing the test.bat.
3. Install PCle driver if necessary. The driver is located in the folder:
CDROM\Demonstration\PCle_SW_KIT\PCle_Driver
4. Restart Windows
5. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel as shown in Figure 6-10.
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=4 Device Manager

File Action  Miew Help
e AR RRERN ? N AN
4 g User-PC

CE Alterg PCT Device
Ii:L Oltera PCIAPT Driver

- 7™ Computer

: = Disk drives

- M Display adapters

o il DWD/CD-ROM drives

s & IDE ATASATAPT controllers

o § ITAG cables

: ¥ Metwork adapters

» Y5 Parts (COM & LPT)

: ¥ Processars

: &y sound, wideo and game controllers
: M| Syestern dewvices

b - § Universal Serial Bus controllers

Figure 6-10 Screenshot for PCle Driver

6. Goto windows_app folder, execute PCIE_ FUNDMENTAL.exe. A menu will appear
as shown in Figure 6-11.

i DAmy_file\demo_batch\windows_app\PCIE_FUNDAM ENTAL.exe_-:- LS

== Terazic: PCIe Deme Program ==

: Led control
: Button Status Read
[21: DMA Memory Test
[929]1: Quit
Plezae input your zelection:

Figure 6-11 Screenshot of Program Menu
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7. Type 0 followed by a ENTERY key to select Led Control item, then input 15 (hex

0x0f) will make all led on as shown in Figure 6-12. If input O(hex 0x00), all led will
be turn off.

i DAmy._file\demo_batch\windows_app\PCIE_FUNDAM ENTALexe— o [ 5]

== Terasic: PCIe Demo Program ==

: Led control
: Button Status Read
: DHMA Memory Test

I Quit

: Led control
: Button Status Read
: DHA Memory Test
I Quit
lezae input wour selection:

Figure 6-12 Screenshot of LED Control

8. Type 1 followed by an ENTERY key to select Button Status Read item. The button
status will be report as shown in Figure 6-13.
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i D:\my._file\demo_batch\windows_a pp\PCIE_FUNDAMENTAL.exe_n o

Terasic: PCIe Demo Program ==

rol
Button Status Read
[2]1: DMA Memory Test
[991: Quit
lesae input your selection:@
lease input led conrol mask:15
=fh

Led control
Button Status Read
[2]1: DHA Memory Test
[991: Quit
lesae input your selection:l
h

Led control
[1]1: Button Status Read
[2]1: DMA Memory Test
[?91: Quit
Plesae input your selection:

Figure 6-13 Screenshot of Button Status Report

9. Type 2 followed by an ENTERY key to select DMA Testing item. The DMA test result

will be report as shown in Figure 6-14.

Dymy_file\demo_batch\windows_app\PCIE_FUNDAMEMNTAL.exe

[21: DMA Memory Test

[9292]1: Quit

lezae input your selection:@
lease input led conrol mask:=15

Led control
[11: Button Status Read
[21: DMA MHemory Test
[991: Quit

[B]: Led control

[11: Button Status Read
[21: DMA MHemory Test
[991: Quit

[@1: Led control

[11: Button Status Read

[21: DMA MHemory Test

[991: Quit

lezae input your selection:

Figure 6-14 Screenshot of DMA Memory Test Result
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10. Type 99 followed by an ENTERY key to exit this test program

Development Tools
Quartus Prime Standard 18.0
Visual C++ 2012

Demonstration Source Code Location
Quartus Project: Demonstrations\PCle_Fundamental
Visual C++ Project: Demonstrations\PCle_SW_KIT\PCIE_FUNDAMENTAL

FPGA Application Design

Figure 6-15 shows the system block diagram in the FPGA system. In the Qsys, Altera

PIO controller is used to control the LED and monitor the Button Status, and the On-

Chip memory is used for performing DMA testing. The PIO controllers and the On-Chip

memory are connected to the PCl Express Hard IP controller through the Memory-

Mapped Interface.

FPGA/QSYS

User Logic

Interconnection Fabric for
Avalon Memory-Mapped Interface

PCle Gen3 x8 Edge

Figure 6-15 Hardware block diagram of the PCle reference design
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B Windows Based Application Software Design
The application software project is built by Visual C++ 2012. The project includes the
following maijor files:

C e | Dewopton |

PCIE_FUNDAMENTAL.cpp | Main program

PCIE.c Implement dynamically load for

PCIE.h TERAISC_PCIE_AVMM.DLL
TERASIC_PCIE_AVMM.h | SDK library file, defines constant and data structure

The main program PCIE_FUNDAMENTAL.cpp includes the header file "PCIE.h" and
defines the controller address according to the FPGA design.

#include "PCIE.R"

$define DEMO PCIE USER BAR PCIE BAR4
$define DEMO PCIE IO LED ADDR 0x4000010
#define DEMO PCIE IO BUTTON ADDR 0x4000020
$define DEMO PCIE MEM ADDR 0x00000000
$define MEM SIZE (512%1024) //512KB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020
based on PCIE_BAR4, in respectively. The on-chip memory base address is
0x00000000 relative to the DMA controller.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load
to dynamically load the TERASIC_PCIE_AVMM.DLL. Then, it call PCIE_Open to open
the PCI Express driver. The constant DEFAULT_PCIE_VID and DEFAULT_PCIE_DID
used in PCIE_Open are defined in TERASIC_PCIE_AVMM.h.If developer change the
Vender ID and Device ID and PCI Express IP, they also need to change the ID value
define in TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means
the driver cannot be accessed successfully. In this case, please make sure:

® The FPGAIs configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPasgs = PCIE_Write3:Z (hPCIe, DEMO PCIE USER_EAR, DEMO PCIE IO LED ADDE, (DWORD) Mask):

The button status query is implemented by calling the PCIE_Read32 API, as shown
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below:

PCIE Read32 (hPCIe, DEMO PCIE USER BAR, DEMO PCIE IO BUTTON ADDR, s3tatus);

The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:

PCIE Dmallrite (hPCIe, Locallddr, plWrite, nTest3ize):

PCIE DmaRead (hPCIe, Locsaldddr, pRead, nTest3ize]:

6.5 PCle Design - QDRII+

The application reference design shows how to add QDRII+ Memory Controllers for five
QDRI+ SRAMs into the PCle Quartus project based on the PCI_Fundamental Quartus
project and perform 8MB data DMA for five SRAMSs. Also, this demo shows how to call
"PCIE_ConfigRead32" API to check PCle link status.

B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\demonstrations\PCle_QDR\demo_batch

The folder includes following files:

® FPGA Configuration File: PCle_QDR.sof

® Download Batch file: test.bat

® Windows Application Software folder : windows_app, includes
< PCIE_QDR.exe
< TERASIC_PCIE_AVMM.dII

B Demonstration Setup

1. Install the FPGA board on your PC.

2. Configure FPGA with PCle_QDR.sof by executing the test.bat.

3. Install PCle driver if necessary.

4. Restart Windows

5. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel.

6. Goto windows_app folder, execute PCIE_QDR.exe. A menu will appear as shown

in Figure 6-16.
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Led control

Button Status Read
[2]1: Link Info
[3]1: DMA On—Chip Memory Test
[41: DMA GQDRII-A Memory Test
[51: DMA QDRII-B Memory Test
[61: DMA GQDRII-C Memory Test
[71: DMA QDRII-D Memory Test
[&1: DMA GQDRII-E Memory Test
[291: Quit
Plesae input your selection:

Figure 6-16 Screenshot of Program Menu
7. Type 2 followed by a ENTERY key to select Link Info item. The PICe link information

will be shown as in Figure 6-17. Gen3 link speed and x8 link width are expected.

| D\daisy\trl0a_lpg\PCle_QDR\demo_batch\windows_app\PCIE_QD R.exe_u_lﬂ—hj

== Terasic: PCIe Demo Program == -
Led control
Button Status Read
Link Info
DMA On—Chip Memory
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DHA QDRII-C Memory Test N
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[92]1: Quit
Plezsae input your selection:2
Vender ID:1172h
Device ID:EBA3Hh
Current Link Speed iz Gen3
Megotiated Link Width iz x8

m

Haximum Payload Size is 256-bhyte

Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DMA QDRII-A Memory Test
DMA QDRII-B HMemory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
: Quit

Plesae input your selection:

Figure 6-17 Screenshot of Link Info
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8. Type 3 followed by an ENTERY key to select DMA On-Chip Memory Test item. The
DMA write and read test result will be report as shown in Figure 6-18.

= D:\daisy\trlﬂa_lpq\Pﬂe_QDR\dema_batdﬁ\w]ndows_app\PC]E_QDR.exe_ ==k .

Device ID:EB@3h e
Current Link Speed is Gen3
Megotiated Link Width is =8

m

Led control
: Button Status Read
: Link Info
: DMA On—-Chip Memory
: DMA QDRII-A Memory Test
: DMA QDRII-B Memory Test
: DMA QDRII-C Memory Test
: DMA QDRII-D Memory Test
: DMA QDRII-E Memory Test
[991: Quit
Plesae input your selection:3
DMA Memory Test, Address = BxB, Size = BxBHABA Bytes...

Generate Test Pattern...

Led control
: Button Status Read
: Link Info
: DMA On—-Chip Memory
: DMA QDRII-A Memory Test
: DMA QDRII-B Memory Test
: DMA QDRII-C Memory Test
: DMA QDRII-D Memory Test
: DMA QDRII-E Memory Test
[29]1: Quit
Plesae input your selection:

Figure 6-18 Screenshot of On-Chip Memory DMA Test Result

9. Type 4 followed by an ENTERY key to select DMA QDRII-A Memory Test item. The

DMA write and read test result will be report as shown in Figure 6-19.
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i | D\daisy\trl0a_lpg\PCle_QDR\demo_batchiwi ndows_app\PC]E_QDR.exe_ =X

Write... E
DMA Read...

Readback Data Uerify...

DMA-Memory Address BxB,. Size = Bx8BBOA hytes pass

Led control
Button Status Read
Link Info
DMA On—Chip Memory
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[?77]1: Quit
Plesae input your selection:4
DMA Memory Test. Address = Bx100000BAB, Size = BxBAUPBAHO Bytes...

m

Generate Test Pattern...

DMA Write...

DMA Read...

Readback Data Uerify...

DMA-Memory Address = Bx1B00BABAA,. Size = Bx8BPABA bytes pass

Led control
Button Status Read
Link Info
DMA On—Chip Memory
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[991: Quit
Plesae input your selection: -

Figure 6-19 Screenshot of QDRII-A Memory DAM Test Result

10. Type 5 followed by an ENTERY key to select DMA QDRII-B Memory Test item. The

DMA write and read test result will be report as shown in Figure 6-20.
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# | DAdaisy\trl0a_lpg\PCle_QDR\demo_batchwi ndows-_app\PC]E_Q_DR.exe_ e | e |

Write... »
DMA Read...

Readback Data Uerify...

DMA—Memory Address = Bx100ABAABA,. Size = BOx8PBBAA hytes pass

Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[991: Quit
Plesae input your selection:=b
DMA Memory Test, Address = Bx10180ABPA, Size = Ox8PBBAB Bytes. ..

m

Generate Test Pattern...
DMA Write...

Led control
Button Status Read
Link Info
DMA On—Chip Memory
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
: Quit

Flesae input your selection: -

Figure 6-20 Screenshot of QDRII-B Memory DAM Test Result

11. Type 6 followed by an ENTERY key to select DMA QDRII-C Memory Test item. The

DMA write and read test result will be report as shown in Figure 6-21.
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# | DAdaisy\trl0a_lpg\PCle_QDR\demo_batchwi ndows-_app\PC]E_Q_DR.exe_ e | e |

Write... »
DMA Read...

Readback Data Uerify...

DMA—Memory Address = Bx1010000BA,. Size = BOx8PBBAA hytes pass

Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[991: Quit
Plesae input your selection:b
DMA Memory Test, Address = Bx182000BPA, Size = Ox8PBBAB Bytes. ..

m

Generate Test Pattern...
DMA Write...

Led control
Button Status Read
Link Info
DMA On—Chip Memory Test
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
: Quit

Flesae input your selection: -

Figure 6-21 Screenshot of QDRII-C Memory DAM Test Result

12. Type 7 followed by an ENTERY key to select DMA QDRII-D Memory Test item. The

DMA write and read test result will be report as shown in Figure 6-22.
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i | D\daisy\trl0a_lpg\PCle_QDR\demo_batchiwi ndcws_app\PC]E_QDR.exe_ =

DMA Write... -
DMA Read...

Readback Data Uerify...

DMA—Memory Address 2000008, Size = BOx80BBAR bhytes pass

Led control
Button Status Read
Link Info
DMA On—Chip Memory
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[991: Quit
Plesae input your selection:?
DMA Memory Test, Address = Bx10380ABAA, Size = Bx800B8A Bytes ...
Generate Test Pattern...
DMA Write...
DMA Read...
Readback Data Verify...
ss = Bx1A30ABPAA,. Size = BOx80BBAB hytes pass

m

Led control
Button Status Read
Link Info
DMA On—Chip Memory
DMA QDRII-A Memory Test
DMA QDRII-B Memory Test
DMA QDRII-C Memory Test
DMA QDRII-D Memory Test
DMA QDRII-E Memory Test
[?9]1: Quit
Plezae input your selection:

Figure 6-22 Screenshot of QDRII-D Memory DAM Test Result

13. Type 8 followed by an ENTERY key to select DMA QDRII-E Memory Test item. The

DMA write and read test result will be report as shown in Figure 6-23.
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DMA Write. ..

DMA Read...

Readback Data Uerify...

DMA—Memory Addr Ax16300ABPA, Size = Bx8ABBAA hytes pass

: Button Status Read
: Link Info

: DMA On—Chip

: DMA
: DMA
: DMA
: DMA
: DMA

QDRII-A
QDRII-B
QDRII-C
QDRII-D
QDRII-E

Memory Test

Memory
Memory
Memory
Memory
Memory

Test
Test
Test
Test
Test

[991: Quit
Plesae input your selection:8

DMA Memory Test,. Address = Bx1B8408080@, Size = Ox8BPABA Bytes ...

Generate Test Pattern...
DMA Write...

DMA Read...
Readback Data Verif
DMA—Memory Addr

Ax18400ABPA, Size = Bx8ABBAA hytes pass

: Led control
: Button Status Read
: Link Info

: DMA
: DMA
: DMA
: DMA
: DMA
: DMA

On—Chip
QDRII-A
QDRII-B
QDRII-C
QDRII-D
QDRII-E

Memory
Memory
Memory
Memory
Memory
Memory

Test
Test
Test
Test
Test

D Quit
Plesae input your selection:

# | DAdaisy\tr10a_lpg\PCle QDR\demo_batch\wi ndows_app\PC]E_QDR.exe_n CEA X

m

Figure 6-23 Screenshot of QDRII-E Memory DAM Test Result

14. Type 99 followed by an ENTERY key to exit this test program.

B Development Tools
Quartus Prime Standard 18.0
® Visual C++ 2012

B Demonstration Source Code Location
® Quartus Project: Demonstrations\PCIE_QDR

® Visual C++ Project: Demonstrations\PCle_SW_KIT\PCIE_QDR

B FPGA Application Design

Figure 6-24 shows the system block diagram in the FPGA system. In the Qsys, Altera
PIO controller is used to control the LED and monitor the Button Status, and the On-
Chip memory is used for performing DMA testing. The PIO controllers and the On-Chip

memory are connected to the PCI Express Hard IP controller through the Memory-

Mapped Interface.
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FPGA/QSYS Button

e o e

< Interconnection Fabric for Avalon Memory-Mapped Interface

PCle Gen3 x8 Edge

Figure 6-24 Hardware block diagram of the PCle QDRII+ reference design

B Windows Based Application Software Design

The application software project is built by Visual C++ 2012. The project includes the
following maijor files:

T T

PCIE_QDR.cpp Main program
PCIE.c Implement dynamically load for
PCIE.h TERAISC_PCIE_AVMM.DLL
TERASIC_PCIE_AVMM.h | SDK library file, defines constant and data structure

The main program PCIE_QDR.cpp includes the header file "PCIE.h" and defines the
controller address according to the FPGA design.
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#define DEMO_PCIE_USER_BAR PCIE_BAR4

#define DEMO_PCIE IO LED ADDR 0x4000010

#define DEMO_PCIE IO BUTTON ADDR  ©x4600020

#define DEMO_PCIE_ONCHIP_MEM_ADDR  ©x00000000
#define DEMO_PCIE QDRIIA MEM ADDR  ©x160000000
#define DEMO_PCIE QDRIIB_MEM ADDR  ©x161000000
#define DEMO_PCIE QDRIIC_MEM ADDR  ©x162000000
#define DEMO_PCIE QDRIID MEM ADDR  ©x163000000
#define DEMO_PCIE_QDRIIE_MEM ADDR  ©x164000000
#define DEMO_PCIE_QDRIIF_MEM ADDR  ©x165000000

#define ONCHIP _MEM_TEST SIZE (512%1824) //512KB
#define QDRITA MEM_TEST SIZE (8*1024%1024) //8MB
#define QDRIIB_MEM_TEST SIZE (8*1024%1024) //SMB
#define QDRIIC_MEM_TEST_SIZE (8*1024*1024) //8MB
#define QDRIID MEM_TEST SIZE (8¥1024%1024) //8MB
#define QDRIIE_MEM_TEST SIZE (8*1024%1024) //8MB
#define QDRIIF_MEM_TEST_SIZE (8*1024*1024) //8MB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020
based on PCIE _BAR4, in respectively. The on-chip memory base address is
0x00000000 relative to the DMA controller. The above definition is the same as those
in PCle Fundamental demo.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load
to dynamically load the TERASIC_PCIE_AVMM.DLL. Then, it call PCIE_Open to open
the PCI Express driver. The constant DEFAULT _PCIE_VID and DEFAULT_PCIE_DID
used in PCIE_Open are defined in TERASIC_PCIE_AVMM.h. If developer change the
Vender ID and Device ID and PCI Express IP, they also need to change the ID value
define in TERASIC_PCIE_AVMM.h. If the return value of PCIE_Open is zero, it means
the driver cannot be accessed successfully. In this case, please make sure:

® The FPGAis configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE Write3Z (hPCIe, DEMO PCIE U3ER BAR, DEMO PCIE I0 LED ADDER, (DWORD) Mask):

The button status query is implemented by calling the PCIE_Read32 API, as shown
below:

PCIE Read3z (hPCIe, DEMO PCIE USER_BAR, DEMO PCIE IO BUTTON ADDR, £3tatus);
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The memory-mapped memory read and write test is implemented by PCIE_DmaWrite
and PCIE_DmaRead API, as shown below:

PCIE DmaWrite (hPCIe, Locallddr, pWrite, nTest3ize):

PCIE DmaRead (hPCIe, Locsllddr, pRead, nTestIize]:

The pcie link information is implemented by PCIE_ConfigRead32 API, as shown below:

/f read config - link status
if (PCIE ConfigRead3Z (hFCIe, 0xS0, &Data32)){
switch ([ (Data32 >> 1&6) & Ox0OF){
case 1:
printf ("Current Link Speed is Genlix'n"});
break:
case 2:
printf ("Current Link Speed is Gen2i\r'n"});
break;
case 3!
printf ("Current Link Speed is Gen3i\x'n"):
break:
default:
printf ("Current Link Speed is Unknown'r\n"};:
break;
}
switch( (Data32 >> 20) & 0x3F){
case 1:
printf ("Hegotiated Link Width is x1\r\n"):
break:;
case 2:
printf ("Hegotiated Link Width is x2\r\n"):
break;
case 4:
printf ("Hegotiated Link Width is =x4\r\n"):
break:;
case 8:
printf ("Hegotiated Link Width is x8%\r\n"):
break;
case 1&:
printf ("Hegotiated Link Width is =xlehr\n"):
break:;
default:
printf ("Hegotiated Link Width is Unknownlrin"):
break;
}
tel=sed
bPass = fal=ze;
}
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6.6 PCle Design: PCle_Fundamental_x2

The application reference design shows how to utilize the dual PCle Gen3 x8 edge
connector on this board. The two PCle Gen3 x8 Link are directly connected to two Arria
10 PCle Hard IP individually. There two IP are call PCle0 and PCle1 in this design.
The Host PC can communicated with the two Hard IP independently, so the throughput
between Host PC and FPGA is double than the single PCle Gen3 x8 link. In the design,
basic 1/O is used to control the BUTTON and LED on the FPGA board. PCle0 controls
the User LED and PCle1 controls the Bracket LED. High-speed data transfer is
performed by DMA.

Note, this demonstration requires the Host PC to support PCle Bifurcation.

B Demonstration Files Location
The demo file is located in the batch folder:
CDROM\demonstrations\PCle_funcdamental_x2\demo_batch
The folder includes following files:
® FPGA Configuration File: PCle_Fundamental_x2.sof
® Download Batch file: test.bat
® Windows Application Software folder : windows_app, includes
< PCIE_FUNDAMENTAL.exe
< TERASIC_PCIE_AVMM.dII

B Demonstration Setup

1. Make sure your Host PC supports PCle bifurcation and is enabled in BIOS.

2. Install the FPGA board on the bifurcation PCle slot of your PC.

3. Configure FPGA with PCle_Fundamental_x2.sof by executing the test.bat.

4. Install PCle driver if necessary. The driver is located in the folder:

CDROM\Demonstration\PCle_SW_KIT\PCle_Driver

Restart Windows
Make sure there are two Altera PCI API drivers are enumerated by checking the
Windows Control panel as shown in Figure 6-25.

7. Goto windows_app folder, execute PCIE_FUNDMENTAL.exe. A menu will appear
as shown in Figure 6-26.
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% Device Manager - O X
File  Action View Help
e HIHEIE

w M lab1e s

~ [ Altera PC| Device
@ Altera PCI AP| Driver
LS9 Altera PCI API Driver
i Audio inputs and outputs
£) Bluetooth

@ Computer

- Disk drives

& Display adapters

i Firmware

) Human Interface Devices

=@ |IDE ATA/ATAPI controllers

3 Imaging devices

§ JTAG cables

=2 Keyboards

[g Mice and other pointing devices
[ Monitors

I Network adapters

= Print queues

™ Printers

I Processors

[ Sensors

B Software devices

i Sound, video and game controllers
& Storage controllers

F= Sustern devices w

Figure 6-25 Screenshot of two FPGA PCle devices are detected

B ' C\Users\User\Desktop\manual\windows_app\PCIE_FUNDAMENTAL exe - O X

Figure 6-26 Screenshot of Program Menu

8. Type 0 followed by a ENTERY key to select PCle0 Led Control item, then input 15
(hex 0xO0f) will make all User LED lighten as shown in Figure 6-27. If input O(hex
0x00), all User LED will be turn off.

96
asiC TR10a-LPQ User Manual www.terasic.com
www. terasic.com Aprll 16, 2019



http://www.terasic.com/

Figure 6-27 Screenshot of PCle0 LED Control

9. Type 1 followed by an ENTERY key to select PCle0 Button Status Read item. The

button status will be report as shown in Figure 6-28.

ser\Desktop\manual\windows_app\PCIE_FUNDAMENTAL exe = O X

Clel DM4 \‘1~||‘

gelection:

Figure 6-28 Screenshot of PCle0 Button Status Report

10. Type 2 followed by an ENTERY key to select PCle0 DMA Testing item. The DMA

test result will be report as shown in Figure 6-29.
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1 C:\Users\User\Desktop\manualwindows_app\PCIE_FUNDAMENTAL exe - O X

Figure 6-29 Screenshot of PCle0 DMA Memory Test Result

11. Type 3 followed by a ENTERY key to select PCle1 Led Control item, then input 15
(hex 0x0f) will make all Bracket LED on as shown in Figure 6-30. If input O(hex
0x00), all Bracket LED will be turn off.

8 C\Users\User\Desktop\manual\windows_app\PCIE_FUNDAMENTAL exe = m] X

Figure 6-30 Screenshot of PCle1 LED Control

12. Type 4 followed by an ENTERY key to select PCle1 Button Status Read item. The

button status will be report as shown in Figure 6-31.
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8 C\Users\User\Desktop\manual\windows_app\PCIE_FUNDAMENTAL exe . m] X

Figure 6-31 Screenshot of PCle1 Button Status Report

13. Type 2 followed by an ENTERY key to select PCle1 DMA Testing item. The DMA

test result will be report as shown in Figure 6-32.

B | C\Users\User\Desktop\manual\windows_app\PCIE_FUNDAMENTAL exe - (] X

Figure 6-32 Screenshot of PCle0 DMA Memory Test Result
14. Type 99 followed by an ENTERY key to exit this test program

B Development Tools
® (Quartus Prime Standard 18.0
® Visual C++ 2012
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B Demonstration Source Code Location
Quartus Project: Demonstrations\PCle_Fundamental_x2
® Visual C++ Project: Demonstrations\PCle_ SW_KIT\PCIE_ FUNDAMENTAL_x2

B FPGA Application Design
Figure 6-33 shows the system block diagram in the FPGA system. In the Qsys, Altera

P10 controller is used to control the LED (User LED and Bracket LED) and monitor the
Button Status, and the On-Chip memory is used for performing DMA testing. The PIO
controllers and the On-Chip memory are connected to the PCl Express Hard IP
controller through the Memory-Mapped Interface.

Bracket

IUser Logic lUser Logic

Interconnection Fabric for Interconnection Fabric for
Avalon Memory-Mapped Interface Avalon Memory-Mapped Interface

L] ™

PCle Gen3 x16 Edge

Figure 6-33 Hardware block diagram of the Dual PCle reference design

3

B Windows Based Application Software Design
The application software project is built by Visual C++ 2012. The project includes the

following major files:

T T

PCIE_FUNDAMENTAL.cpp | Main program

PCIE.c Implement dynamically load for

PCIE.h TERAISC_PCIE_AVMM.DLL
TERASIC_PCIE_AVMM.h | SDK library file, defines constant and data structure

The main program PCIE_FUNDAMENTAL.cpp includes the header file "PCIE.h" and
100
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defines the controller address according to the FPGA design.

#¥include "PCIE.R"

#define DEMO_PCIE USER_BAR PCIE_BAR4
#define DEMO_PCIE_IO_LED ADDR 0x4000010
#define DEMO PCIE IO BUTTON ADDR 0x4000020
#define DEMO PCIE MEM ADDR 0x00000000
#define MEM SIZE (512*1024) //512KB

The base address of BUTTON and LED controllers are 0x4000010 and 0x4000020
based on PCIE_BAR4, in respectively. The on-chip memory base address is
0x00000000 relative to the DMA controller.

Before accessing the FPGA through PCI Express, the application first calls PCIE_Load
to dynamically load the TERASIC_PCIE_AVMM.DLL. Then, it call PCIE_Open twice to
open two PCI Express devices:
hPCIE_O = PCIE_Open(DEFAULT_PCIE_VID, DEFAULT_PCIE_DID, 0);
hPCIE_1 = PCIE_Open(DEFAULT_PCIE_VID, DEFAULT_PCIE_DID, 1);

The constant DEFAULT _PCIE_VID and DEFAULT_PCIE_DID used in PCIE_Open are
defined in TERASIC_PCIE_AVMM.h. If developers change the Vender ID and Device
ID and PCl Express IP, they also need to change the ID value define in
TERASIC_PCIE_AVMM.h. The third parameter (0 and 1 in this case) is used to specify
the PCle device. 0 means the first device found in the PCle bus with the given Vender
ID and Device ID. 1 means the second device found in the PCle bus with the given
Vender ID and Device ID. If the return value of PCIE_Open is zero, it means the driver
cannot be accessed successfully. In this case, please make sure:

® The FPGAis configured with the associated bit-stream file and the host is rebooted.
® The PCI express driver is loaded successfully.

The LED control is implemented by calling PCIE_Write32 API, as shown below:

bPass = PCIE Write3Z (hPCIe, DEMO PCIE U3ER BAR, DEMO PCIE I0 LED ADDER, (DWORD) Mask):

The button status query is implemented by calling the PCIE_Read32 API, as shown
below:

PCIE Read3Z (hFPCIe, DEMO PCIE USER_BAR, DEMO PCIE IO BUTTON ADDR, £3tatus);
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The memory-mapped memory read and write test is implemented by PCIE_DmaWrite

and PCIE_DmaRead API, as shown below:
PCIE DmaWrite (hPCIe, Locallddr, pWrite, nTest3ize):

PCIE DmaRead (hPCTIe, Locsallddr, pRead, nTestIize]:
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Chapter 7

Transceiver Verification

his chapter describes how to verify the FPGA transceivers for the QSFP+ by
using the test code provided in the TR10a-LPQ system CD.

7.1 Function of the Transceiver Test Code

The transceiver test code is used to verify the transceiver channels for the QSPF+ ports
through an external loopback method. The transceiver channels are verified with the
data rates 10.3125 Gbps with PRBS31 test pattern.

7.2 Loopback Fixture

To enable an external loopback of transceiver channels, one of the following two fixtures
are required:

® QSFP+ Cable, as shown in Figure 7-1.

® QSFP+ Loopback fixture, as shown in Figure 7-2.

Figure 7-1 Optical QSFP+ Cable
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Figure 7-2 QSFP+ Loopback Fixture

Figure 7-3 shows the FPGA board with one QSFP+ cable installed. Figure 7-4 shows
the FPGA board with two QSFP+ loopback fixtures installed.

Figure 7-3 One QSFP+ Cables Installed
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Figure 7-4 Two QSFP+ Loopback Fixtures Installed

7.3 Testing

The transceiver test code is available in the folder System CD\Tool\Transceiver_Test.
Here are the procedures to perform transceiver channel test:

Copy Transceiver_Test folder to your local disk.

Ensure that the FPGA board is NOT powered on.

Plug-in the QSPF+ loopback fixtures.

Connect your FPGA board to your PC with a mini USB cable.

Power on the FPGA board

Execute 'test.bat" in the Transceiver_Test folder under your local disk.

N o g s w DN R

The batch file will download .sof and .elf files, and start the test immediately.
The test result is shown in the Nios-Terminal, as shown in Figure 7-5.

8. To terminate the test, press one of the BUTTONO~3 buttons on the FPGA
board. The loopback test will terminate as shown in Figure 7-6.
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ER /cygdrive/g/dev_2018/TR10a-LPQ-dev/Transceiver_Test = 8 P

Info (289861>: Ended Programmer operation at Tue Sep 25 11:36:16 2818
Info: Quartus Prime Programmer was successful. B errors. 1 warning
Info: Peak virtual memory: 1498 megabytes
Info: Processing ended: Tue Sep 25 11:36:16 2818
Info: Elapsed time: B@:88:32
Info: Total CPU time <{on all processors): BA:BA:16
llzing cable "TRiBa-LPQ [USB-11". device 1. instance BxB88
[Rezsetting and pausing target processor: 0K
ITnitiali=ing CPU cache (if present
0K
[Downloaded 132KB in B.2s (66H.BKB-s)
Uerified OK
Hlaiting to allow other programs to start: done
Starting proces » at address BxB0040244
nios2-terminal: connected to harduware target using JITAG UART on cable
nios2—terminal: "TRiBa-LPQ [USB-11", device 1. instance @
nios2-terminal: {lUse the IDE stop button or Ctrl-C to terminatel

fpply default setting...done

HferCnt:437511296
HferCnt : 437777536
HferCnt 435686784
HferCnt 484718688
HferCnt:312996864
HferCnt:313205248
HferCnt:311112968
HferCnt:280144512

: PASS,. HferCnt:1243043840

HferCnt:1243138112
: PASS,. HferCnt:1241085696
= PASS,. HferCnt:1209939328

Figure 7-5 QSFP+ Transceiver Loopback Test in Progress

&8 Altera Nios I EDS 18.0 [geed] [E=HEEE ™

PASS,. HferCnt:20155860848 -
PASS, HferCnt:1923770368
PASS,. HferCnt:1923882752
PASS,. WferCnt:1921693856
PASS, HferCnt:189863H0272
Time Elapsed: 15 Seconds
PASS, HferCnt:2854336000
PASS, HferCnt:2854423168
PASS,. HferCnt:2852298752
PASS, HferCnt:2821234176

PASS, HferCnt:2727417688
PASS, HferCnt:27295276808
PASS, XferCnt:2727339776
PASS,. HferCnt:2696276736
Transceiver Testing is terminated?

Figure 7-6 QSFP Transceiver Loopback Done
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Chapter 8

TR10a-LPQ Dashboard

he TR10a-LPQ Dashboard is a board management system. It can automatically

adjust fan speed according to board temperature. Also, it can automatically

shutdowns FPGA power when the board temperature is too high to avoid FPGA
damaged due to over temperature. It also can report board status to the Host PC via
JTAG or UART bus. The reported status includes FPGA/Board temperature, fan speed,
FPGA core power and 12V input power. Figure 8-1 shows the block diagram of the
TR10a-LPQ Dashboard.

In the host PC, there are two Dashboard GUI software are provided. One is UART
based software, it can be used in Windows system. Another is JTAG based software, it
can be used both in Windows and Linux. It is a TCL program based on Intel FPGA
System Console, so the System Console should be installed before running the
program.

Host FPGA Board

Dashboard Hardware
(MAX10)

Dashboard
GUI

USB

Figure 8-1 Block Diagram of the TR10a-LPQ Dashboard
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8.1 Dashboard Connected via USB Blaster

This section describes how to monitor the TR10a-LPQ board status via the Dashboard

GUI based on Intel FPGA System Console. As described in overview, the Dashboard

GUI is TCL program, it runs in Host PC via System Console, and connects to system
controller (Max 10 FPGA) built in TR10a-LPQ board, receive the board status data. The
USB Blaster Il connector on the TR10a-LPQ board is hardware circuit which implements

the JTAG protocol, users need to connect the board to Host PC via the USB Blaster I

connector. The Dashboard GUI can run in Windows and Linux OS. Users need to

prepare the materials in Host PC and settings on the board. The details are described

as below.
B Software and Tools Installed on Host PC
® Quartus Prime Software (18.0 or later): The System Console tool is built in
Quartus software, so the Quartus software should be installed before using the
Dashboard GUI based on System Console.
® USB Blaster Il Driver: The Dashboard GUI based on System Console allows the
Host PC connect to the TR10a-LPQ board via JTAG interface, so users need to
install USB Blaster Il driver on Host PC.
® Dashboard GUI Tool: It is Dashboard GUI main program, users can find it in
Tool\Dashboard GUI\System console of the TR10a-LPQ System CD, and copy the
folder to the Host PC.
B Connection Setting
1. Refertothe TR10a-LPQ_Quick_Start Guide included in the product package, make
sure the host PC power is off and plug the TR10a-LPQ board into the PCle slot of
Host PC, then power on the host PC. If only want to use the TR10a-LPQ board,
users can connect the external power adapter to the 2x2 power connector of the
board then power on the board.
2. Connect the TR10a-LPQ USB Blaster Il connector to the host PC USB port through
the micro USB cable.
3. Execute the Dashboard GUI application on the host PC, execute the test.bat in the

System Console folder of the TR10a-LPQ System CD. As shown in Figure 8-2, the
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System Console window appears. As shown in Figure 8-3, click the TR10a-LPQ
Board Monitor System, it will show the main monitor GUI, such as LED status, FPGA

and board temperature. The details will be described below.

M System Console - Toolkits
File Tools Help

%

System Explorer o] foolkits OX TRI0e-LPQ Board Moniter System
/ =
5[ connections ADC Toolkit (Beta)
W devices The ADC Toolkit allors for the evaluation of ADC signal path performance
® designs
® design_instances lo ssso
# scripts
Bus Anslyzer (Bets)
The Bus Anslyzer provides resl—time performence snalysis of bus traffic in the systea
Transceiver Toolkit
The Transceiver Toolkit is a poserful transceiver verification tool that can quickly snalyze the transceiver signal quality and performance
Launch
Load Design .. Refresh Connections
Messages || Tel Console o
@ Finished initialization {/devi ces/10M04S (A|C)@2=USB-12TR10s-LPQ/ (1ink) /JTAG/(110:130 +3 20)/;tagnen_0} A
/i, Could not register IService packet
/i, A service named packet’ is slready registered [tip]
@ Finished discovering JTAG comnections index 1) mester is used to as the access master
@ Finished discovering USB connections 1) /devices/10M04S(A|C)@5USB-12TR10s-LPQ/ (Link)/JTAG/(110:130 +3 20)/jtagnen 0
© Executing stertup script D:\intelfpga pro\18.0\quartus\sope_builder\system_console\scripts\syste E Vegword TOMMS i siot - suit far jtag chain, of this Board, Pleias verify the kiywacd
/i, The seript doesn’t exist: C:\Users\terasic_002\system_console\systen_console_re. tel. You can cus
v

Figure 8-2 System Console Window

[ System Console - TR10a-LPQ Board Monitor System - m]
File Tools Help
_System Explorer | Toolkits | TRIOn-LPG Board Monitor System 0 X -—
/ =
B onmactions TR10e-LPQ Board Momitar System ~
G- | devices FPGA Status Version
® designs
@[ | design_instances Fan Alert n FR_DONE FEGA_FDIl CVP_COWF D BOOT_PAGE MAX_CONF D MAY_ERROR — 0x0000000%
A seripts e P oE * 7 .
®n3 3 © 116 4 5 6 e R e——
Temperature/Fan
FPGA Tempersture Board Tempersture Fan Speed
FPGA Temperature History
36.00 T T © LEDS (FPGA Poser Dovn)
3BT Real-time data
4 35.50
T FPGA Temp: 35 degree
]
£35.00 Board Temp: 40 degree
: 3475
£ 3450 Fan Speed: 3630 RPN
3]
3425
34.00
11:30:30 11:31:00 11:31:30 11:32:00 11:32:30
Power Moni ter
12V Voltags 12V Carrent 12V Powar 0.9V Voltage 0.9V Curremt 0.8V Pover Erits
12v
12V Voltage Histor: -
N ’ Voltage: 11575V v
Wessages o | [ Tel Cansole . i ) - o
@ Finished initialization {/devi ces/10M04S (A |C)@22USB-1£TR10a-LPQ/ (1ink) /JTAG/(110:130 +3 20)/jtagnen_0} L)
i\ Could met register ISexvice packet
/8 & service nsmed 'packet’ is already registersd [tip]
@ Finished discovering JTAG connections index 1) master is used to as the sccess master
@ Finished discovering USB connections 1) /devices/10M04S (A|C) @2#USB-1#TR10a-1PQ/ (1ink) /]TAG/ (110:130 +3 20)/jtagnen 0
(@ Executing startup seript D:\intelfpga_pro\18. 0\quartus\sopc_builder\system_console\seripts\syste. if keyword 10045 is not suit for jtag chuin of this Bowrd Please verify the keyrard
/%, The seript doesn’ t exist: C:\Users\terasic_002\system_console\system_console_rc. tel. Tou can cus.
% v

Figure 8-3 TR10a-LPQ Board Monitor System Sheet

B Dashboard GUI Function Introduction
109

asliC TR10a-LPQ User Manual

www.terasic.com

www.terasic.com

April 16, 2019


http://www.terasic.com/

FPGA Status: As shown in Figure 8-4, it indicates the TR10a-LPQ status LED

number. For these LEDs function, please refer to Table 2-1 in section 2.2.

! @ System Console - TR102-LPQ Board Monitor System - m} X
File Tools Help
_System Explorer & Toclkits TR10a-LPQ Board Menitor System O X
3 .
B\ comections TR10s-1PQ Board Moni tor System ~
@-11 devices FPGA Status Version
§ - designs
@[ design_instences Fan_Alert_n PR_DONE FEGA_PDI CVP_CONF_D  BOOT_PAGE MAX_CONF_D  MAX_ERROR WAX_LOAD Crest 0%00000008
b9 seripts ® ™ P e -
o3 3 LJial 4 % 06 L o3 MAXLD Code: 0x0000000L
Temperature/Fan
FPGA Temperature Board Temperature Fan Speed
FPGA Temperature Histary
36.00 ®© LEDG (FPGA Poer Dowm)
o BT Real-tims data
B 3550
£ 3525 FPGA Temp: 33 degree
¥
£35.00 Board Temp: 40 degres
= 3475
2 s Fan Speed: 330 R
* s
34.00
11:30:30 11:31:00 11:31:30 11:32:00 11:32:30 11:33:00
Pover Monitor
12V Voltags 12V Current 12V Power 0.9V Voltage 0.5V Current 0.9V Power I
12v
12V Veltags Mistar: .
L 2 Voltage: 11.575 ¥ v
Messages o || Tel Console B i . ~ o
@) Finizhed initialization {/devices/10MD4S (A |C)@22USB-12TR10a—LPQ/ (1ink) /JTAG/(110:130 v3 £0)/jtagmen_0} =
%, Could not register IService packet
/A A service named ‘packet’ is already registered [tip]
@ Finished discovering JTAG connections index 1) muster is used to as the access master
@ Finished discovering USB comnections 1) /devices/10M04S (A [C)@24USE-14TR10e—LPQ/ (1ink) /JTAG/(110:130 +v3 20)/jtagnem 0
@ Executing startup seript D: \intelfpgs_pro\15 0\quartus\sope_builder\system_console\seripts\systs Lf keyword 10M04S is not suit for jtag chain of this Board Please verify the keyvord
/4. The script doesn' t exist: C:\Users\terasic 002\system_console\system consele re. tcl. You can cus...
) v

Figure 8-4 FPGA Status Section

system controller (MAX 10), as shown

Version: It will show the version of the TR10a-LPQ board and the code in the

in Figure 8-5.

M System Console - TR10a-LPQ Board Monitor System - a X
File Tools Help
Systea Explorer | Toslkits TRIOW-LPQ Bowrd Moniter Syste O X
/E > TR10a-LPQ Board Monitor Systes ~
9 7 comnections
-1 devices FPGA Status Version
® designs
B design instences Fan Alert n PR_DONE FPGA_PD CVP_CONF_D BOOT_PAGE MAX_CONF_D MAX_ERROR MAX_LOAD sy 0x0000000a
M seripts ° ° ° ° o © e L]
3 3 LEDS 4 5 6 L o MAXI0 Code: 0x00000001
Temperature/Fan
FPGA Temperature Board Temperature Fan Speed
FPGA Temperature Histary
36.00 ©LEDS (FPGA Pover Down)
o B:T8 Real-tine data
g 35.50
HEE | FPGA Temp: 35 degree
§ 3.00 Board Temp: 40 degrae
: 34.75
£ su.50 | Fan Speed: 3630 RRM
34.25 i
34.001f
11:30:30 11:31:00 11:31:30 11:32:00 11:32:30 11:33:00
Power Moniter
12V Voltage 12V Current 12V Power 0.9V Voltage 0.9V Current 0.9V Pover Reel-tine duta
12v
12V Voltage History Voltage 11.575 vy v
Messages o'|| Tel Console o N . _ o
‘0 Finished initialization {/devices/10M04S (A |C)@22USB-12TR10a-LPQ/ (1ink) /JTAG/(110:130 v3 #0)/jtagnen_0} o
|/, Could not register IService packet
|4, A service named ‘packet’ ix slresdy registered [tip)
|© Finished discovering JTAG connections index 1) master is used to as the sccess master
|@ Finished discovering USB comnections 1) /devices/10M04S (A|C)@22USB-12TRIOaLPQ/(1ink) /JTAG/(110:130 +3 20)/jtagnem_0
|© Executing startup seript D:\intelfpga_pro\18.0\quartus\sopc_builder\system_console\scripts\syste. 3 haywerd TONMS ‘Tu:net suit Pur Stag dhadn of this Sonrd, Fleese verify tha:kuywerd
|4 The script doesn’t exist: C:\Users\terasic_002\system_console\systes_console_re. tel. You can cus
‘ % v
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Temperature/Fan: The Dashboard GUI will real-time show the fan speed, TR10a-
LPQ board ambient and FPGA temperature. Users can know the board
temperature in time. The information will be refreshed per 0.5 second, and displays
through diagram and number, as shown in Figure 8-6,Figure 8-7 and Figure 8-8.

M System Console - TR10a-LPQ Board Monitor System - o x
File Tools Help
Systes Explerer ) Toolkits TRIOw-LPQ Bowrd Momiter System O X
TRION-LIQ Bourd Menitor System A
FPGA Status o
design_instances Fan Alert n PR_DONE FPGA_PON cve_cowr » BOOT_PAGE MAX_CONF_D MAX_ERROR MAX_LOAD Board 0x00000008
& seripes ° S . 7
on B oums on 15 % o o iy e—
Temperature/Fan
FPGA Temperature Board Tempersture Fan Speed
FRGA Teaperature Histery
36 00 ‘1 : $ ®LE06 (FPGA Power Down)
., 351 Real-time data
H |
H PPGA Temp 35 degree
£ | Bowd Temp: 40 degres
2w FanSpeed 3%
2 £ :SJ‘
34001,
13030 13100 1313 11.32:00 13232 1.3 00
Pover Monitor
12V Voltage 12V Cwrrent 12V Pover 0.9V Voltage 0.9V Curreat 0.9V Pover Bani-Hma dukba
12v
12V Veltage Mistory Ao TR >
Messages o[ Tel Consele o ) . _ o)
© Finished initialization {/devi cen/10M04S (A[C)822USB-1#TRIOR-LPQ/ (1ink) /JTAG/ (110:130 v3 20)/jtagasn 0} Lo
i, Could mot register IService packet
1, A service nmed ‘packet’ is alresdy registered
© Pinished discovaring JTAG connections
@ Finished discovering USB connections
@ Executing startup seript D \intelfpga_pro\18. 0\quartus\sope_builder\system_consele\scripts\syste yessid
1, The seript doesn’t exist: C 002\ system_s 1 _console_re tel Vou can cus
. v
Figure 8-6 Temperature/Fan Section
Temperature/Fan
FPGA Temperature : Fan Speed
Board Temperature History
40.00
.“‘
2 39.75
&
@
v
2
£ 39.50
=
~
d 25
% 39.25
m
39.00
11:32:00 11:32:30 11:33:00 11:33:30 11:34:00 11:34:30 11:35:00

Figure 8-7 Board Temperature GUI
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Temperature/Fan

FPGA Temperature Board Temperature Eg

Fan Speed History

3,630
3,625

= 3,620

2

&' 3,615

&

= 3,610
3,605

3,600

|

i

11:32:30 11:33:00 11:33:30

® Power Monitor: It will show the 12V/0.9V real-time voltage, current and power
consumption of the TR10a-LPQ board, as shown in Figure 8-9.

Power Monitor

12V Voltage 12V Current 12V Power 0.9V Voltage 0.9V Current 0.9V Power

11:34:00

11:34:30

Figure 8-8 Fan Speed GUI

12V Current History

11:35:00

1.304

1.303
= 130
§ 1.301
§ 1.300
S 1 299
& 1.208

1.297

1.296

11:35:30 11:36:00 11:36:30 11:37:00

® FPGA Power Down: It is a board protection function provided by the system
controller. When the TR10a-LPQ board ambient temperature or FPGA temperature
is over 95 degree set by the system, the FPGA power will be shut down to protect
the board. In this case, the FPGA_PDN LED will be light on as shown in Figure
8-10. Users need to press the MAX_RTS button or restart the power to remove

11:37:30

11:38:00

11:38:30

Figure 8-9 Power Monitor Section

this status.
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Toolkits| TR 10a-LPQ Board Monitor System O X

TR10a-LPQ Boand Monitor System .
FPGA Status Verson
Fan_Alert_n PR_DONE FPGA_PDN CYP_CON... EOOT P4, MAX CO.. MAX ER.. MAX_LO... Board: 000000004
eD: eD: © LEDS o4 ©D5 ers ©D7 eD8 MATI0 Code: 000000001
Temperature/Fan
FEGL Tempetanis | Boamd Temperafre | FanSpeed|

FPGA Temperature History

37.00 ® LEDS (FPGA Power Down)
Real-time data

FPG4 Temp: 36 degres
36.50 Eoard Temp: 39 degree
FanSpeed: 3630  RPM

FPGA Temperature

36.00

17:34:00 17:34:01 17:34:02 17:34:04 17:34:05

Figure 8-10 FPGA_PDN LED Status

® Log File: Besides show the board status in real-time, it will restore the data
with .csv format document to the log folder in the same directory of test.bat, as
shown in Figure 8-11 and Figure 8-12.

» scripts > log
Name Date modified Type Size

8. log 20181026.csv 26/10/2018 11:41 CSV File 134 KB

Figure 8-11 .CSV Format Log File

A [ B | (& | D | E K G H [ | [ ] | K
1 |Time FPGA Tem Board Ten Fan Speed 12V Volta¢12V Curre1 12V Powel 0.9V Volta 0.9V Curre 0.9V Power(W)
2 | 10:28:04 28 33 3630 11.575 1.254167 14.517 0.897705 2.098 1.883
3 | 10:28:04 28 33 3630 11.575 1.254167 14517 0.897705 2.098 1.883
4 | 10:28:04 28 33 3630 11.575 1.254167 14517 0.897705 2.076 1.864
5 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.084 1871
6 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.094 1.88
7 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.096 1.882
8 | 10:28:04 28 33 3630 11.575 1.258333 14565 0.897705 2114 1.898
9 | 10:28:04 28 33 3630 11.575 1.254167 14.517 0.897705 2.116 19
10 | 10:28:04 28 33 3630 11.575 1.254167 14517 0.897705 2122 1.905
11| 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.128 191
12 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 24022 1.905
13| 10:28:04 28 33 3630 11.575 1.254167 14517 0.897705 2.092 1.878
14 | 10:28:04 28 33 3660 11.575 1.254167 14517 0.897705 2121 1.904
15| 10:28:04 28 33 3660 11.575 1.258333 14.565 0.897705 2.104 1.889
16 | 10:28:04 28 33 3660 11.575 1.258333 14.565 0.897705 2:12 1.903
17 | 10:28:04 28 33 3660 11.575 1.258333 14565 0.897705 2.116 1.9
18 | 10:28:04 28 33 3630 11.575 1.254167 14517 0.897949 2.134 1.916
19 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2:11 1.894
20| 10:28:04 28 33 3630 11.575 1.254167 14.517 0.897705 2.128 191
21| 10:28:04 28 33 3630 11.575 1.258333 14565 0.897705 2.144 1.925
22| 10:28:04 28 33 3630 11.575 1.258333 14565 0.897949 2.132 1914
23| 10:28:04 29 33 3630 11.575 1.254167 14,517 0.897705 2.124 1.907
24 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897949 2012 1.896
25| 10:28:04 28 33 3630 11.575 1.258333 14565 0.897461 21022 1.904
26 | 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.096 1.882
27| 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.108 1.892
28 | 10:28:04 28 33 3630 11.575 1.254167 14,517 0.897705 2.128 191
29 | 10:28:04 28 33 3630 11.575 1.254167 14517 0.897705 212 1.903
30| 10:28:04 28 33 3630 11.575 1.258333 14.565 0.897705 2.126 1.909
31| 10:28:04 28 33 3630 11.575 1.258333 14565 0.897461 2132 1913
32| 10:28:04 28 33 3630 11.575 1258333  14.565 0.897949 2.126 1.909
Figure 8-12 Contents of the log file
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8.2 Dashboard Connected via UART

This section will describe another way to connect to the Dashboard GUI. Through the
USB to UART connector on the TR10a-LPQ board, the host PC connects to the system
controller on the board, the UART based Dashboard GUI runs on the host PC can
receive the TR10a-LPQ board information, such as voltage, temperature and fan speed.

The UART based Dashboard GUI only supports windows OS at present.

The usage preparation and installation details are described as below:

Software and Tools Installed on Host PC

Install USB to UART driver: Connect the board to the host PC through the USB
to UART connector. The driver should be installed, users can find it in the Tool
folder in the board system CD.

Dashboard GUI Tool: It is the UART based Dashboard GUI main program, users
can find it in Tool\dashboard_gui\UART in the TR10a-LPQ system CD and copy it
to the host PC.

Connection Setting

Make sure the host PC power is off and plug the TR10a-LPQ board into the PCle
slot of Host PC, then power on the host PC. If only want to use the TR10a-LPQ
board, users can connect the external power adapter to the 2x2 power connector of
the board then power on the board.

Connect the TR10a-LPQ USB Blaster Il connector to the host PC USB port through
micro USB cable. Please note that the system console based and UART based
Dashboard GUI are use the same USB Blaster Il connector. The USB HUB on the
board can process the USB signal.

Install Driver

When connect the TR10a-LPQ board to the host PC, users also need to install USB to
UART driver besides the USB Blaster Il driver. As shown in Figure 8-13, one USB to
UART device is shown in PC Device Manager.
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& Device Manager

File Action View Help
o9 @ Hm B
v & DESKTOP-KPV9G4S
i Audio inputs and outputs
3 Computer
wa Disk drives
[ Display adaptors
i Firmware
##9 Human Interface Devices
’ JTAG cables
E=2 Keyboards
Q Mice and other pointing devices
B Monitors
¥ Network adapters
v K7 Other devices
[B&_CP2102N USB to UART Bridge Controller |
@ Ports (COM & LPT)
= Print queues

= Printers
[ Processors
B Software devices
i Sound, video and game controllers
S Storage controllers
Em System devices
v § Universal Serial Bus controllers

Figure 8-13 Uninstalled USB to UART device

As described in previous steps, copy the device driver to the host PC and install it, as
shown in Figure 8-14 and Figure 8-15. Please note that the COM Port number is
different in different host PC.

‘ Device Driver Installation Wizard

Ny Welcome to the Device Driver
\ Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Next.

Bac Cancel

Figure 8-14 Install USB to UART driver
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% Device Manager
File Action View Help

s T|E EHm B EXE

v & DESKTOP-KPV9G43
> | Audio inputs and outputs
> B8 Computer
> a Diskdrives
> @ Display adaptors
> B Firmware
> g Human Interface Devices
> § JTAG cables
> &3 Keyboards
> 0 Mice and other pointing devices
> [ Monitors
> P Network adapters
v @ Ports (COM & LPT)
Silicon Labs CP210x USB to UART Bridge (COM14) I
Ewm (COMT1)
> ™ Print queues
» [ Printers
> [ Processors
> B Software devices
> i.‘ Sound, video and game controllers
> S Storage controllers
> @ System devices
v @ Universal Serial Bus controllers

Figure 8-15 The USB to UART device after driver is installed successfully

B Run Dashboard GUI

As described in previous steps, find the Tool\dashboard_gui\UART in TR10a-LPQ
system CD and copy the folder to the host PC. Execute the Dashboard.exe, a window
will show as Figure 8-16. It will describe the detail functions as below.
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Teraisc System Dashboard V1.0.0 n
File Help

LED Indicator
@ FPGA_PDN @ BOOT_PAGE @ MAX_CONF_D @ PR_DONE
@ Fan_Alter_n @ MAX_LOAD @ MAX_ERROR @ CVP_CONF_D
FPGA/Board Temperature
o 100
— Board
T 60
RMS E 40
MAX: bz
0
MIN: 0
Time (Secand)
Fan RPM
8,000
= 6,000
o
RMS: z 400
w 2,000
MAX:
0 -
MIN: a
Time (Second)
12V/Core Power
50
o :g — 12
= — Core
RMS: £
2
MAX: 10
0 "
MIN: 1]
Time (Second)
15
. —12v
RMS: ] "
MAX: 8 E
. 0 -
MIN: 0
Time (Second)
Start Reset Sampling Speed:  Quick{per 1 second) v
Standby

Figure 8-16 UART based Dashboard GUI
B Dashboard GUI function introduction

® Start/Stop: As shown in Figure 8-17, there is a Start button at the bottom-left of
the GUI window. Click it to run the program (Start will change to Stop), it will show
the TR10a-LPQ board status. Users can press Stop button to stop the status data
transmission and display.

® Reset Button: Press this button to clear the historical data shown in GUI, and

record the data again.
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Teraisc System Dashboard V1.0.0 n

File Help
LED Indicator
@ FPGA_PDN @ BOOT_PAGE @ MAX_CONF_D @ PR_DONE
@ Fan_Alter_n @ MAX_LOAD @ MAX_ERROR @ CVP_CONF_D
FPGA/Board Temperature
o 100 i
g &80 — FPGA
£ 60 —Eloardl
i E 40
MAX: Yoz
0
MIN: 0
Time (Second)
Fan RPM
8,000
= 6,000
o
RMS ; 4,000
W 2,000
MAX:
i] -
MIN: 0
Time (Second)
12V/Core Power
60
o ig v
- — Core
RMS: 2 30
L]
MAX: 10
] -
MIN: 0
Time (Second)
15
. —12v
RMS: g " E
MAX: 2 B
. 0 -
MIN: 0
Time (Second)
Start Resat Sampling Speed: | Quick(per 1 second) v
Standby

Figure 8-17 Start and Reset button

® FPGA Status: As shown in Figure 8-18, it will show the status LED number on the
TR10a-LPQ board. For these LEDs function, please refer to Table 2-1 in section
2.2.
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Teraisc System Dashboard V1.0.0 n

| File Help
i LED Indicator
@ FPGA_FDN @ BOOT_PAGE @ MAX_CONF_D @ PR_DONE
I @ Fan_Aker_n @ MAX_LOAD @ MAX_ERROR @ CVP_CONF_D
FPGA/Board Temperature
100
38.0/42.0C é - —FPGA
— Board
&0
RMS: 38.0/42.0 g 40
MAX: 38.0/42.0 £
0 - - - - -
MIN: 38.0/42.0 1 2 3 4 5 6
Time (Second)
Fan RPM
3,000
3630 RPM = 6000} —3pm
= — 3530
RMS: 3640 z Lt —3630
w 2000 3BE0
MAX: 3660 — 3560
0 T T T T ® | —3530
MIN: 3630 1 2 3 4 1 [
Time (Second)
12V/Core Power &
1.3/2.5A < ¥
— Core
RMS: 1.3/2.5 E ;g
o
MAX: 1.3/2.5 13
MIN: 1.3/2.5 1 2 3 4 5 6
Time (Sacond)
15
11.55/0.898 V —
= —
10
RMS: 11.55/0.898 & oL
L s
MAX: 11.55/0.898 =
- 0 t
MIN: 11.55/0.898 1 N s &
Time (Second)
Stop Reset Sampling Speed:  Quick(per 1 second) v
Monitor... Samlpe Count: 6

Figure 8-18 FPGA Status section

® FPGA/Board Temperature: The Dashboard GUI will real-time show the fan speed,
TR10a-LPQ board ambient and FPGA temperature. Users can know the board
temperature in time. The information will be refreshed per 0.5 second, and displays
through diagram and number, as shown in Figure 8-19.
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Teraisc System Dashboard V1.0.0 [E]

i File Help
i LED Indicator
@ FPGA_PDN ) BOOT_PAGE @ MAX_CONF_D @ PR_DONE
! @ Fan_Alter_n @ MAX_LOAD @ MAX_ERROR @ CVP_CONF_D
}
FPGA/Board Temperature
100
38.0/42.0C T a — Froa
% B0 — Board
RMS: 38.0/42.0 i 40
MAX: 38.0/42.0 Ex
i - - -
MIN: 38.0/42.0 1 2 3 4 5 6
Time (Second)
Fan RPM
8,000
3630 RPM = 6,000 | — 3530
= — 3630
RMS: 3640 z 4,000 — 3830
w 2,000 3660
MAX: 3660 — 3860
0 - . . T - | 3530
MIN: 3630 1 7] 3 4 5 6
Time (Second)
12V Core Power
80
13/25A 3 7w
E — Core
RMS: 1.3/2.5 £
g2
MAX: 1.3/2.5 13
MIN: 1.3/2.5 1 2 3 4 5 8
Tirme (Second)

11.55/0.898V

RMS: 11.55/0.898 & L
2 s
MAX: 11.55/0.898 2
- 0 -
MIN: 11.55/0.898 1 5 s N
Time (Second)
Stop Reset Sampling Speed:  Quick(per 1 second) w
Moenitor... Samlpe Count: 6

Figure 8-19 Temperature section

® Fan RPM: It displays the real-time speed of the fan on the TR10a-LPQ board, as
shown in Figure 8-20.
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Teraisc System Dashboard V1.0.0 [=]

| File Help
i LED Indicator
@ FPGA_FDN  BOOT_PAGE @ MAX_CONF_D @ PR_DONE
I @ Fan_Alter_n @ MAX_LOAD @ MAX_ERROR @ CVF_CONF_D
FPGA/Board Temperature
100
38.0/420C . —FPGA
% &0 — Board
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il - : - - -
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Fan RPM
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0 T T T T T | —3530
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J o
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g s
MAX: 11.55/0.898 =
- 0 -
MIN: 11.55/0.898 1 2 . 7
Time (Second)
Stop Reset Sampling Speed:  Quick(per 1 second) ~
Monitor... Samipe Count: 6

Figure 8-20 FAN RPM section

® 12V/Core Power monitor: It displays the real-time 12V/Core Power (0.9V) voltage
and consumption current on the TR10a-LPQ board, as shown in Figure 8-21.
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Teraisc System Dashboard V1.0.0 n

i File Help
i LED Indicator
@ FPGA_PDN ¢ BOOT_PAGE @ MAX_CONF_D & PR_DONE
I @ Fan_alter_n @ MAX_LOAD @ MAX_ERROR @ CVP_CONF_D
FPGA/Board Temperature
100
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Stop Reset Sampling Speed:  Quick(per 1 second) ~
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Figure 8-21 Power Monitor Section

® Sampling Speed: It can change interval time that the Dashboard GUI sample the
board status. Users can adjust it to 1s/10s/1min/Full Speed (0.1s) to sample the
board status, as shown in Figure 8-22 and Figure 8-23.
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Teraisc System Dashboard V1.0.0 n

File Help
LED Indicator
@ FPGA_PDN @ BOOT_PAGE @ MAX_CONF_D @ PR_DONE
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Figure 8-22 Sampling Speed section

Sampling Speed: |Quick(per 1 second) v

Slow(per 1 minutes)
Full Speed

Figure 8-23 Options of Sampling Speed

® Board Information: There is a File page on the upper left of the Dashboard GUI
program window, click the Board Information to get the current software version
and the TR10a-LPQ board version, as shown in Figure 8-24.
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Teraisc System Dashboard V1.0.0

Help
LED Indicator
@ FPGA_PDN @ BOOT_PAGE @ MAX_CONF_D @ PR_DONE
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Teraisc System Dashboard V1.0.0 100
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Figure 8-24 Board Information

® LogFile: On the upper left of the Dashboard GUI program window, click the Export
in the File page to save the board temperature, fan speed and voltage data in .csv
format document, as shown in Figure 8-25 and Figure 8-26.

Teraisc System Dashboard V1.0.0
File Help
Board Information...

[ Export...
3 Bxit

Figure 8-25 Export the log file

B SaveAs

" « FH0#E (E) > Xiabing > Tool > dashboard_gui v O Search dashboard_gui F-J
Organise v New folder =2 o

- 3D Objects o) Name Date modified Type Size
[l Desktop
No items match your search
|5] Documents
& Downloads
D Music
&= Pictures
B videos
e Local Disk (C:)
- Software (D:)
| —#mEeE

File name: “

Save as type: Excel Files (*.csv)

A Hide Folders Cancel

Figure 8-26 Export the log file in .csv format
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