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Chapter 1

Overview

his chapter provides an overview of the TR10a-HL2 Development Board and
installation guide.

1.1 General Description

The Terasic TR10a-HL2 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 full-height,
half length form-factor package, the TR10a-HL2 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-HL2 to be fully compliant with version 3.0 of the PCI
Express standard, as well as allowing an ultra low-latency, straight connections to four
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-HL2 delivers with six
independent banks of QDRI+ SRAM, high-speed parallel flash memory. The feature-
set of the TR10a-HL2 fully supports all high-intensity applications such as low-latency
trading, cloud computing, high-performance computing, data acquisition, network
processing, and signal processing.



1.2 Key Features

The following hardware is implemented on the TR10a-HL2 board:

FPGA
Altera Arria® 10 GX FPGA (10AX115N2F45E1SG)

FPGA Configuration
On-Board USB Blaster Il or JTAG header for FPGA programming
Fast passive parallel (FPPx16) configuration via MAX || CPLD and flash memory

General user input/output:
8 LEDs

4 push-buttons
2 dip switches

Clock System
50MHz Oscillator
Programmable clock generators Si5340A and Si5340B

Memory
QDRII+ SRAM
FLASH

Communication Ports
Four QSFP+ connectors
Dual PCI Express (PCle) x8 edge connector

® One 2x5 GPIO timing expansion header

System Monitor and Control
Temperature sensor
Fan control

Power monitor

Power
PCI Express 6-pin power connector, 12V DC Input
PCI Express edge connector power



B Mechanical Specification
® PCI Express full-height and 1/2-length

1.3 Block Diagram

Figure 1-1 shows the block diagram of the TR10a-HL2 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.

2x4 GPIO User LED/

Eﬁgg{}ﬂ?/" Push-button x4/

Bracket LED/ Slide switche x2/ l
2x5 T|mmg CPU_RST Button PCIE 12V
—_—>

Expansion
eader

MAX V CPLD 5M2210
System Controller

USB Blaster Il

T T JTAG

MAX_RST Config Mode
Button Select

x8 XCVR

Figure 1-1 Block diagram of the TR10a-HL2 board

Below is more detailed information regarding the blocks in Figure 1-1.

B Arria 10 GX FPGA

® 10AX115N2F45E1SG



1,150K logic elements (LEs)
67-Mbits embedded memory

48 transceivers (12.5Gbps)

3,036 18-bit x 19-bit multipliers
1,518 Variable-precision DSP blocks
4 PCI Express hard IP blocks

768 user 1/Os

384 LVDS channels

32 phase locked loops (PLLs)

FPGA Configuration

® On-board USB Blaster Il for use with the Quartus Il Programmer
® MAXII CPLD 5M2210 System Controller and Fast Passive Parallel (FPP x16)
configuration

Memory devices

® 48MB QDRI+ SRAM
® 128MB FLASH

General user /O

® 8 user controllable LEDs
® 4 user push buttons
® 2 user dip switches

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

Four QSFP+ ports



® Four 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 Power Source

® PCI Express 6-pin DC 12V power
® PCI Express edge connector power



Chapter 2

Board Components

his chapter introduces all the important components on the TR10a-HL2.

2.1 Board Overview

Figure 2-1 is the top and bottom view of the TR10a-HL2 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.

2x4 GPIO Expansion Header Power Monitor
4 Push-Buttons

2x5 Timing 2 User Si5340A Clock Generator 12|V Power
Expansion Switches Supply Connector

Bracket LED

12V Fan (e —
Connector : -

Temperature
ensor

4 QSFP+ Ports Si5340B Clock

Generator

USB-Blaster Il

Dual PCl Express Gen3 x8 Edge | MAX_RST Button

Altera Arria10 cx Configuration Mode Select
10AX115N2F45E1SG

Figure 2-1 FPGA Board (Top)
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PCle Mode
Select Switch

Figure 2-2 FPGA Board (Bottom)

2.2 Configuration, Status and Setup

Configure

The FPGA board supports two configuration methods for the Arria 10 FPGA:
® Configure the FPGA using the on-board USB-Blaster II.
® 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 Il programmer and make sure the USB-Blaster Il is detected.
® In Quartus Il 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. Please refer to Table 2-1 for the description of the LED indicator.

Table 2-1 Status LED

Board
LED Name Description
Reference

D2 12-V Power [llluminates when 12-V power is active.

D3 3.3-V Power [llluminates when 3.3-V power is active.
llluminates when the FPGA is successfully

D7 CONF DONE |configured. Driven by the MAX 1| CPLD 5M2210
System Controller.
llluminates when the MAX || CPLD 5M2210 System

_ Controller is actively configuring the FPGA. Driven

D10 Loading
by the MAX || CPLD 5M2210 System Controller
with the Embedded Blaster CPLD.
llluminates when the MAX || CPLD EPM2210
System Controller fails to configure the FPGA.

D8 Error ]
Driven by the MAX Il CPLD EPM2210 System
Controller.
llluminates when FPGA is configured by the factory

D9 PAGE
configuration bit stream.

B Setup PCI Express Control DIP switch
The PCI Express Control DIP switch (SW2) is provided to enable or disable different
configurations of the PCle Connector. Table 2-2 lists the switch controls and description.
Table 2-2SW2 PCle Control DIP Switch

Board

Signal Name Description Default
Reference

On : Enable x1 presence detect

SW2.1 |PCIE_PRSNT2n_x1 _ Off
- — |Off: Disable x1 presence detect
On : Enable x4 presence detect

SW2.2 |PCIE_PRSNT2n_x4 _ Off
Off: Disable x4 presence detect
On : Enable x8 presence detect

SW2.3 |PCIE_PRSNT2n_x8 _ On
Off: Disable x8 presence detect

11




B Setup Configure Mode

The position 1~3 of DIP switch SW1 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 2-3.

iR ! N
TR10a-HL2 ! (Ui
ter EETTIIR 1SS | MSEL[0:1:2]

(I 0000

Figure 2-3 Position of DIP switch SW1 for Configure Mode

B Select Flash Image for Configuration

The position 4 of DIP switch SW1 is used to specify the image for configuration of the
FPGA. Setting Position 4 of SW1 to “1” (down position) specifies the default factory
image to be loaded, as shown in Figure 2-4. Setting Position 4 of SW1 to “0” (up position)
specifies the TR10a-HL2 to load a user-defined image, as shown in Figure 2-5.

12



N
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L |
L LY |

TR10a-HL2 22, ol L0
Bfesd  [R40 FACTORY_LOA

0000000000000

Figure 2-5 Position of DIP switch SW1 for Image Select — User Image Load

2.3 General User Input/Output

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

User Defined Push-buttons

The FPGA board includes four user defined push-buttons that allow users to interact

13



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.

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

Functions
Schematic
Board Arria 10 GX
Signal Description .
Reference Standard Pin Number
Name
PBO BUTTONO 1.8-V PIN_ACM1
PB1 BUTTON1 High Logic Level when the button, 1.8-V PIN_AC12
PB2 BUTTON2 |is not pressed 1.8-V PIN_BA10
PB3 BUTTON3 1.8-V PIN_AP8

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
2-6.

€ Arria‘10

OAXTISN2F&5E156
P OFDAWIBOTA
CankA

Figure 2-6 2 Dip switches

Table 2-4 lists the signal names and their corresponding Arria 10 GX device pin
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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
SWO0 SWO0 High logic level when SW in the| 1.8-V PIN_ BD28
SW1 SW1 UPPER position. 1.8-V PIN_AM27

User-Defined LEDs

The FPGA board consists of 8 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. A list of the pin
names on the FPGA that are connected to the LEDs is given in Table 2-5.

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

Board Schematic . 110 Arria 10 GX
. Description :
Reference, Signal Name Standard Pin Number

LEDO LEDO 1.8-V PIN_T11
LED1 LED1 1.8-V PIN_R11
LED2 LED2 Driving a logic 0 on the I/0 port,  1.8-V PIN_N15
LED3 LED3 turns the LED ON. 1.8-V PIN_M15
D6-1 |LED BRACKETODriving a logic 1 on the I/O port| 1.8-V PIN BB32
D6-3 |LED_BRACKET1[turns the LED OFF. 1.8-V PIN_AW30
D6-5 |LED BRACKET2 1.8-V PIN_AV30
D6-7 |LED BRACKET3 1.8-V PIN_AM30

2.4 Temperature Sensor and Fan Control

The FPGA board is equipped with a temperature sensor, TMP441, which provides
temperature sensing. These functions are accomplished by connecting the temperature
sensor to the internal temperature sensing diode of the Arria 10 GX device. The
temperature status and holding configuration information registers of the temperature

sensor can be programmed by a two-wire SMBus, which is connected to the Arria 10
15



GX FPGA. In addition, the 7-bit POR slave address for this sensor is set to
‘0011100b’.Figure 2-7 shows the connection between the temperature sensor and the
Arria 10 GX FPGA.

VCC3P3

TEMP_12C_SCL

v

_ TEMP_12C_SDL

v

Temperature

TEMPDIODEp | f;ﬁjg’,

TEMPDIODERN

v

Figure 2-7 Connections between the temperature sensor and the Arria 10 GX
FPGA

An optional 3-pin +12V fan located on J15 of the FPGA board is intended to reduce the
temperature of the FPGA. The board is equipped with a Fan-Speed regulator and
monitor, MAX6650, through an 12C interface, Users regulate and monitor the speed of
fan depending on the measured system temperature. Figure 2-8 shows the connection
between the Fan-Speed Regulator and Monitor and the Arria 10 GX FPGA.

VCC‘IZ

Vee3P3 %
FAN_12C_SCL %
FAN_12C_SDL
FAN_ALERT n
MAX6650 FB ,

L\"DU : FDV305N
FAN-Speed
Regulator/Monitor

Figure 2-8 Connections between the Fan-Speed Regulator/ Monitor and the Arria
10 GX FPGA

v v

4 4

The pin assignments for the associated interface are listed in_Table 2-6.

Table 2-6 Temperature Sensor and Fan Speed Control Pin Assignments,

16



Schematic Signal Names, and Functions
Schematic Arria 10 GX Pin

Description 1/0 Standard

Signal Name Number
Positive pin of temperature
TEMPDIODEp . . . - PIN_N21
diode in Arria 10
Negative pin of temperature
TEMPDIODEN - PIN_P21
diode in Arria 10
TEMP_I12C_SCL SMBus clock 1.8-V PIN_AU12
TEMP_I2C_SDA SMBus data 1.8-V PIN_AV12
FAN_I12C_SCL 2-Wire Serial Clock 1.8-V PIN_AJ33
FAN_I12C_SDA 2-Wire Serial-Data 1.8-V PIN_AK33
Active-low AL
FAN_ALERT_n . 1.8-V PIN_AL32
- - ERT input

2.5 Power Monitor

The TR10a-HL2 has implemented a power monitor chip to monitor the board input
power voltage and current. Figure 2-9 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 2-7 shows the pin assignment of power monitor 12C bus.

i EERET NN » Board Power
0.006 Circuits

SENSE+ 12C & Aleart signals ; =/
S = I' ,"f' :

LTC2945  SPAI

} SDAO —J
k. ALERT
< <
Power Monitor 10K |MOK [HOK
VCC1P8
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Figure 2-9 Connections between the Power Monitor chip and the Arria 10 GX
FPGA

Table 2-7 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 2-10 shows the default frequencies of on-board all external clocks
going to the Arria 10 GX FPGA.

100MHz User-supplied Configuration Clock
OSC

100MHz 100MHz 4-Output
osC Clock Generator
LVDS Crystal
50MHz - B3 sta
—
> UB2 MAX Si5340A 48MHz

50MHz Default: 644.53125 MHz x4,
Y System MAX' [— for four 40GigE(QSFP+ x4)
50MHz x3

S50MHz
OSsC

Clock Buffer

gl Clock Buffer Default:275MHz x4,

Lvos M si53306 for QDRII+SRAM-AIB/C/D:
Crystal
48MHz Default:275MHz,for QDRII+SRAM-F

>

50MHz x3 50MHz
0OSCx3
100MHz
osC
PRLCSNT > oc. [l PCle Edge
QPR | Buffer|iill connector

100MHz PCle

Default:275MHz,for QDRII+SRAM-E

v

4-Output
Clock Generator Reference Clock

Figure 2-10 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

18



clocks respectively.

Table 2-8 lists the clock source, signal names, default frequency and their
corresponding Arria 10 GX device pin numbers.

19



Table 2-8 Clock Source, Signal Name, Default Frequency, Pin Assignments and

Functions
Schematic Default 110 Arria 10 GX .
] . Application
Signal Name Frequency| Standard |Pin Number
Y8 CLK_50_B2H 1.8V PIN_AP34
Y9 CLK_50_B2G 1.8V PIN_AW35
Y10 CLK_50_B2F 1.8V PIN_AY31
50.0 MHz
CLK 50 B3D 1.8V PIN_AN7
Y1 CLK 50 _B3F 1.8V PIN_G12
CLK 50 B3H 1.8V PIN_D21
Y5 CLK_100_B3D 100.0MHz| 1.8V PIN_AJ11
User-supplied
Y7 | OSC_100_CLKUSR [100.0MHz| 1.8V PIN_AV26 | configuration
clock
644.53125 40G QSFP+A
QSFPA _REFCLK p LVDS PIN_AHS5
MHz port
644.53125 40G QSFP+B
QSFPB_REFCLK p LVDS PIN_AD5
e MHz port
644.53125 40G QSFP+ C
QSFPC_REFCLK p LVDS PIN_Y5
MHz port
644.53125 40G QSFP+ D
QSFPD_REFCLK p LVDS PIN_T5
MHz port
QDRII+ reference
QDRIIA_REFCLK p | 275 MHz | LVDS PIN_L9
clock for A port
QDRII+ reference
QDRIIB_REFCLK p | 275 MHz | LVDS PIN_N18
clock for B port
QDRII+ reference
QDRIIC_REFCLK _p | 275 MHz | LVDS PIN_G24
clock for C port
u20
QDRI+ reference
QDRIID_REFCLK p | 275 MHz | LVDS PIN_M34
- - - clock for D port
QDRI+ reference
QDRIIE_REFCLK p | 275 MHz | LVDS | PIN_AP14
clock for E port
QDRI+ reference
QDRIIF_REFCLK p | 275 MHz | LVDS PIN_AT7
clock for F port

Table 2-9 lists the programmable oscillator control pins, signal names, I/0O standard and
their corresponding Arria 10 GX device pin numbers.

20



Table 2-9 Programmable oscillator control pin, Signal Name, 1/0 standard, Pin

Assignments and Descriptions

Programmable Schematic 110 Arria 10 GX .
. . . Description
Oscillator Signal Name Standard |Pin Number

Si5340A_12C_SCL 1.8-V PIN_AU27 |12C bus, connected
Si5340A_12C_SDA 1.8-V PIN_AT27 with Si5340A
_ Si5340A reset
Si5340A_RST 1.8-V PIN_AW28 .
. signal
Si5340A
. Si5340A interrupt
(U3) Si5340A_INTR 1.8-V PIN_AW29 _
signal
. Si5340A output
Si5340A_OE_n 1.8-V PIN_AV28 }
- - enable signal
Si5340B_12C_SCL 1.8-V PIN_G37 |12C bus, connected
Si5340B_12C_SDA 1.8-V PIN_H31 with Si5340B
) Si5340B reset
. Si5340B_RST 1.8-V PIN_G38 .
Si5340B - - signal
(U20) _ Si5340B interrupt
Si5340B_INTR 1.8-V PIN_G32 .
signal
. Si5340B output
Si5340B_OE_n 1.8-V PIN_AL31
- - 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.

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 (5M2210) System Controller. Figure 2-11 shows
the connections between the Flash, MAX and Arria 10 GX FPGA.
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Chip Select

Data x16 Flash x16

Address &
Command

Figure 2-11 Connection between the Flash, Max and Arria 10 GX FPGA

Table 2-10 lists the flash pin assignments, signal names, and functions.

Table 2-10 Flash Memory Pin Assignments, Schematic Signal Names, and

Functions
Schematic -~ Arria 10 GX Pin
Signal Name Description 1/0 Standard N
FLASH_A1 Address bus 1.8-V PIN_H26
FLASH_A2 Address bus 1.8-V PIN_T12
FLASH_A3 Address bus 1.8-V PIN_U12
FLASH_A4 Address bus 1.8-V PIN_U10
FLASH_AS Address bus 1.8-V PIN_A15
FLASH_AG6 Address bus 1.8-V PIN_H6
FLASH_A7 Address bus 1.8-V PIN_B18
FLASH_AS8 Address bus 1.8-V PIN_P15
FLASH_A9 Address bus 1.8-V PIN_H7
FLASH_A10 Address bus 1.8-V PIN_A17
FLASH_A11 Address bus 1.8-V PIN_A16
FLASH_A12 Address bus 1.8-V PNI_C16
FLASH_A13 Address bus 1.8-V PIN_K11
FLASH_A14 Address bus 1.8-V PIN_H8
FLASH_A15 Address bus 1.8-V PIN_F6
FLASH_A16 Address bus 1.8-V PIN_C17
FLASH_A17 Address bus 1.8-V PIN_G8
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FLASH_A18 Address bus 1.8-V PIN_J10
FLASH_A19 Address bus 1.8-V PIN_L36
FLASH_A20 Address bus 1.8-V PIN_G7
FLASH_A21 Address bus 1.8-V PIN_G9
FLASH_A22 Address bus 1.8-V PIN_J18
FLASH_A23 Address bus 1.8-V PIN_A14
FLASH_A24 Address bus 1.8-V PIN_B15
FLASH_AZ25 Address bus 1.8-V PIN_J11
FLASH_A26 Address bus 1.8-V PIN_H10
FLASH_DO Address bus 1.8-V PIN_Y31
FLASH_D1 Data bus 1.8-V PIN_E24
FLASH_D2 Data bus 1.8-V PIN_H35
FLASH_D3 Data bus 1.8-V PIN_J39
FLASH_D4 Data bus 1.8-V PIN_H38
FLASH_D5 Data bus 1.8-V PIN_C33
FLASH_D6 Data bus 1.8-V PIN_C32
FLASH_D7 Data bus 1.8-V PIN_C26
FLASH_D8 Data bus 1.8-V PIN_B24
FLASH_D9 Data bus 1.8-V PIN_AA31
FLASH_D10 Data bus 1.8-V PIN_J33
FLASH_D11 Data bus 1.8-V PIN_C36
FLASH_D12 Data bus 1.8-V PIN_C35
FLASH_D13 Data bus 1.8-V PIN_C25
FLASH_D14 Data bus 1.8-V PIN_H37
FLASH_D15 Data bus 1.8-V PIN_J38
FLASH_CLK Clock 1.8-V PIN_T9
FLASH_RESET n Reset 1.8-V PIN_B14
FLASH_CE_n Chip enable of 1.8-V PIN_J8
flash
FLASH_OE_n Output enable 1.8-V PIN_E18
FLASH_WE_n Write enable 1.8-V PIN_B17
FLASH_ADV_n Address valid 1.8-V PIN_F7
FLASH_RDY_BSY | Ready of flash 1.8-V PIN_D18

n
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2.8 QDRII+ SRAM

The development board supports six independent QDRI+ 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 2-11, Table 2-12,Table 2-13, Table 2-14, Table 2-15 and Table 2-16 lists the
QDRI+ SRAM Bank A, B, C and D pin assignments, signal names relative to the Arria

10 GX device, in respectively.

Table 2-11 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
QDRIA_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 busl[6] 1.8-V HSTL Class | PIN_M9
QDRIA_A7 Address busl[7] 1.8-V HSTL Class | PIN_M8
QDRIIA_A8 Address busl[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
QDRIA_A11 Address bus[11] 1.8-V HSTL Class | PIN_P9
QDRIIA_A12 Address bus[12] 1.8-V HSTL Class | PIN_N6
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
QDRIIA_A16 Address bus[16] 1.8-V HSTL Class | PIN_K7
QDRIA_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

24




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

QDRIIA_DO | Write data bus[0] | 1.8-V HSTL Class | PIN_D13
QDRIIA_ D1 | Write data bus[1] | 1.8-V HSTL Class | PIN_C10
QDRIIA_ D2 | Write data bus[2] | 1.8-V HSTL Class | PIN_B10
QDRIIA_D3 | Write data bus[3] | 1.8-V HSTL Class | PIN_A10
QDRIIA_D4 | Write data bus[4] | 1.8-V HSTL Class | PIN_C11
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_A11
QDRIIA_D7 | Write data bus[7] | 1.8-V HSTL Class | PIN_B12
QDRIIA_D8 | Write data bus[8] | 1.8-V HSTL Class | PIN_A12
QDRIIA_D9 | Write data bus[9] | 1.8-V HSTL Class | PIN_D11
QDRIIA_D10 | Write data bus[10] | 1.8-V HSTL Class | PIN_D10
QDRIIA_D11 | Write data bus[11] | 1.8-V HSTL Class | PIN_C8

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_D8

QDRIIA_ D14 | Write data bus[14] | 1.8-V HSTL Class | PIN_E13
QDRIIA_D15 | Write data bus[15] | 1.8-V HSTL Class | PIN_E9

QDRIIA_ D16 | Write data bus[16] | 1.8-V HSTL Class | PIN_E11
QDRIIA_ D17 | Write data bus[17] | 1.8-V HSTL Class | PIN_E8

QDRIIA_ Q0 | Read Data bus[0] | 1.8-V HSTL Class | PIN_P13
QDRIIA_Q1 | Read Data bus[1] | 1.8-V HSTL Class | PIN_R13
QDRIIA_Q2 | Read Databus[2] | 1.8-V HSTL Class | PIN_N13
QDRIIA_Q3 | Read Data bus[3] | 1.8-V HSTL Class | PIN_M14
QDRIIA_Q4 | Read Databusf4] | 1.8-V HSTL Class | PIN_M12
QDRIIA_Q5 | Read Data bus[5] | 1.8-V HSTL Class | PIN_K13
QDRIIA_Q6 | Read Data bus[6] | 1.8-V HSTL Class | PIN_K12
QDRIIA_Q7 | Read Databus[7] | 1.8-V HSTL Class | PIN_K14
QDRIIA_Q8 | Read Data bus[8] | 1.8-V HSTL Class | PIN_J14
QDRIIA_ Q9 | Read Databus[9] | 1.8-V HSTL Class | PIN_H12
QDRIIA_Q10 |Read Data bus[10]| 1.8-V HSTL Class | PIN_H11
QDRIIA_Q11 | Read Data bus[11]| 1.8-V HSTL Class | PIN_G10
QDRIIA_Q12 |Read Data bus[12]| 1.8-V HSTL Class | PIN_L14
QDRIIA_Q13 |Read Data bus[13]| 1.8-V HSTL Class | PIN_L12
QDRIIA_Q14 |Read Data bus[14]| 1.8-V HSTL Class | PIN_M13
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_R14
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QDRIIA_Q17 | Read Data bus[17] 1.8-V HSTL Class | PIN_T14
QDRIIA_BWS_n0|Byte Write select[0]| 1.8-V HSTL Class | PIN_B13
QDRIIA_BWS_n1|Byte Write select[1]| 1.8-V HSTL Class | PIN_C13

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
QDRIA 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_R12

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

Functions
Schematic Arria 10 GX Pin
Signal Name Description I/0 Standard NUmbar
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
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
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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_N20
QDRIIB_D1 | Write data bus[1] | 1.8-V HSTL Class | PIN_M19
QDRIIB_D2 | Write data bus[2] | 1.8-V HSTL Class | PIN_L19
QDRIIB_D3 | Write data bus[3] | 1.8-V HSTL Class | PIN_J19
QDRIIB_D4 | Write data bus[4] | 1.8-V HSTL Class | PIN_J20
QDRIIB_D5 | Write data bus[5] | 1.8-V HSTL Class | PIN_F19
QDRIIB_D6 | Write data bus[6] | 1.8-V HSTL Class | PIN_B19
QDRIIB_D7 | Write data bus[7] | 1.8-V HSTL Class | PIN_F20
QDRIIB_D8 | Write data bus[8] | 1.8-V HSTL Class | PIN_G20
QDRIIB_D9 | Write data bus[9] | 1.8-V HSTL Class | PIN_C20
QDRIIB_D10 | Write data bus[10] | 1.8-V HSTL Class | PIN_B20
QDRIIB_D11 | Write data bus[11] | 1.8-V HSTL Class | PIN_D19
QDRIIB_D12 | Write data bus[12] | 1.8-V HSTL Class | PIN_E19
QDRIIB_D13 | Write data bus[13] | 1.8-V HSTL Class | PIN_C18
QDRIIB_D14 | Write data bus[14] | 1.8-V HSTL Class | PIN_G19
QDRIIB_D15 | Write data bus[15] | 1.8-V HSTL Class | PIN_K19
QDRIIB_D16 | Write data bus[16] | 1.8-V HSTL Class | PIN_L20
QDRIIB_D17 | Write data bus[17] | 1.8-V HSTL Class | PIN_M20
QDRIIB_Q0 | Read Data bus[0] | 1.8-V HSTL Class | PIN_L22
QDRIIB_Q1 | Read Data bus[1] | 1.8-V HSTL Class | PIN_K22
QDRIIB_Q2 | Read Databus[2] | 1.8-V HSTL Class | PIN_K23
QDRIIB_Q3 | Read Data bus[3] | 1.8-V HSTL Class | PIN_J23
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_H23
QDRIIB_Q7 | Read Data bus[7] | 1.8-V HSTL Class | PIN_F22
QDRIIB_Q8 | Read Data bus[8] | 1.8-V HSTL Class | PIN_E23
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_A22
QDRIIB_Q11 | Read Data bus[11] | 1.8-V HSTL Class | PIN_B22
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QDRIIB_Q12 |Read Data bus[12] | 1.8-V HSTL Class | PIN_C22
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_E22
QDRIIB_Q15 Read Data bus[15] | 1.8-V HSTL Class | PIN_A21
QDRIIB_Q16 Read Data bus[16] | 1.8-V HSTL Class | PIN_F21
QDRIIB_Q17 Read Data bus[17] | 1.8-V HSTL Class | PIN_G23
QDRIIB_BWS_n0|Byte Write select[0]| 1.8-V HSTL Class | PIN_H20
QDRIIB_BWS_n1|Byte Write select[1]| 1.8-V HSTL Class | PIN_L21
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_G22
Indicator

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

Description 1/0 Standard

Functions
Schematic
Signal Name

Arria 10 GX Pin

Number

QDRIIC_AO0 Address bus[0] | 1.8-V HSTL Class | PIN_D25
QDRIIC_A1 Address bus[1] | 1.8-V HSTL Class | PIN_D26
QDRIIC_A2 Address bus[2] | 1.8-V HSTL Class | PIN_A26
QDRIIC_A3 Address bus[3] | 1.8-V HSTL Class | PIN_A27
QDRIIC_A4 Address bus[4] | 1.8-V HSTL Class | PIN_A29
QDRIIC_A5 Address bus[5] | 1.8-V HSTL Class | PIN_A30
QDRIIC_A6 Address bus[6] | 1.8-V HSTL Class | PIN_B27
QDRIIC_A7 Address bus[7] | 1.8-V HSTL Class | PIN_B28
QDRIIC_A8 Address bus[8] | 1.8-V HSTL Class | PIN_C27
QDRIIC_A9 Address bus[9] | 1.8-V HSTL Class | PIN_C28
QDRIIC_A10 Address bus[10] | 1.8-V HSTL Class | PIN_B29

28




QDRIIC_A11 Address bus[11] 1.8-V HSTL Class | PIN_B30
QDRIIC_A12 Address bus[12] 1.8-V HSTL Class | PIN_C30
QDRIIC_A13 Address bus[13] 1.8-V HSTL Class | PIN_C31
QDRIIC_A14 Address bus[14] 1.8-V HSTL Class | PIN_L25
QDRIIC_A15 Address bus[15] 1.8-V HSTL Class | PIN_K24
QDRIIC_A16 Address bus[16] 1.8-V HSTL Class | PIN_J24
QDRIIC_A17 Address bus[17] 1.8-V HSTL Class | PIN_G25
QDRIIC_A18 Address bus[18] 1.8-V HSTL Class | PIN_F25
QDRIIC_A19 Address bus[19] 1.8-V HSTL Class | PIN_J25
QDRIIC_A20 Address bus[20] 1.8-V HSTL Class | PIN_H25
QDRIIC_A21 Address bus[21] 1.8-V HSTL Class | PIN_J26
QDRIIC_DO Write data bus[0] 1.8-V HSTL Class | PIN_AF36
QDRIIC_D1 Write data bus[1] 1.8-V HSTL Class | PIN_AF32
QDRIIC_D2 Write data bus[2] 1.8-V HSTL Class | PIN_AE34
QDRIIC_D3 Write data bus[3] 1.8-V HSTL Class | PIN_AB35
QDRIIC_D4 Write data bus[4] 1.8-V HSTL Class | PIN_AA35
QDRIIC_D5 Write data bus[5] 1.8-V HSTL Class | PIN_AA34
QDRIIC_D6 Write data bus[6] 1.8-V HSTL Class | PIN_Y34
QDRIIC_D7 Write data bus[7] 1.8-V HSTL Class | PIN_AB33
QDRIIC_D8 Write data bus[8] 1.8-V HSTL Class | PIN_AC33
QDRIIC_D9 Write data bus[9] 1.8-V HSTL Class | PIN_AE31
QDRIIC_D10 Write data bus[10] | 1.8-V HSTL Class | PIN_AE33
QDRIIC_D11 Write data bus[11] | 1.8-V HSTL Class | PIN_AD34
QDRIIC_D12 Write data bus[12] | 1.8-V HSTL Class | PIN_AB34
QDRIIC_D13 Write data bus[13] | 1.8-V HSTL Class | PIN_W34
QDRIIC_D14 Write data bus[14] | 1.8-V HSTL Class | PIN_AC35
QDRIIC_D15 Write data bus[15] | 1.8-V HSTL Class | PIN_AD35
QDRIIC_D16 Write data bus[16] | 1.8-V HSTL Class | PIN_AE36
QDRIIC_D17 Write data bus[17] | 1.8-V HSTL Class | PIN_AF31
QDRIIC_QO0 Read Data bus[0] | 1.8-V HSTL Class | PIN_Y36
QDRIIC_Q1 Read Data bus[1] | 1.8-V HSTL Class | PIN_U34
QDRIIC_Q2 Read Data bus[2] | 1.8-V HSTL Class | PIN_T34
QDRIIC_Q3 Read Data bus[3] | 1.8-V HSTL Class | PIN_T35
QDRIIC_Q4 Read Data bus[4] | 1.8-V HSTL Class | PIN_P35
QDRIIC_Q5 Read Data bus[5] | 1.8-V HSTL Class | PIN_P36
QDRIIC_Q6 Read Data bus[6] | 1.8-V HSTL Class | PIN_N35
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QDRIIC_Q7 Read Data bus[7] | 1.8-V HSTL Class | PIN_N37
QDRIIC_Q8 Read Data bus[8] | 1.8-V HSTL Class | PIN_N38
QDRIIC_Q9 Read Data bus[9] | 1.8-V HSTL Class | PIN_M35
QDRIIC_Q10 Read Data bus[10] | 1.8-V HSTL Class | PIN_M37
QDRIIC_Q11 Read Data bus[11] | 1.8-V HSTL Class | PIN_N36
QDRIIC_Q12 Read Data bus[12] | 1.8-V HSTL Class | PIN_M38
QDRIIC_Q13 Read Data bus[13] | 1.8-V HSTL Class | PIN_M39
QDRIIC_Q14 Read Data bus[14] | 1.8-V HSTL Class | PIN_R36
QDRIIC_Q15 Read Data bus[15] | 1.8-V HSTL Class | PIN_T36
QDRIIC_Q16 Read Data bus[16] | 1.8-V HSTL Class | PIN_U35
QDRIIC_Q17 Read Data bus[17] | 1.8-V HSTL Class | PIN_V35
QDRIIC_BWS _n0| Byte Write select[0] | 1.8-V HSTL Class | PIN_AD33
QDRIIC_BWS n1| Byte Write select[1] | 1.8-V HSTL Class | PIN_AE32
QDRIIC_ K _p Differential 1.8-V PIN_ AF34
Clock P HSTL Class |
QDRIIC_K_n Pifferential 1.6-V PIN_AF35
Clock N HSTL Class |

QDRIIC_CQ_p Echo clock P 1.8-V HSTL Class | PIN_AD36
QDRIIC_CQ_n Echo clock N 1.8-V HSTL Class | PIN_AC36
QDRIIC_RPS_n Report Select 1.8-V HSTL Class | PIN_E26
QDRIIC_WPS _n Write Port Select 1.8-V HSTL Class | PIN_F26
QDRIIC_DOFF_n PLL Turn Off 1.8-V HSTL Class | PIN_D24
QDRIIC_ODT On_Die;Z::ination 1.8-V HSTL Class | PIN_B25
QDRIIC_QVLD | Valid Output Indicator | 1.8-V HSTL Class | PIN_W35

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

Schematic
. Description I/0 Standard
Signal Name

Arria 10 GX

Pin Number

QDRIID_A0 Address bus[0] 1.8-VHSTL Class | | PIN_Y32
QDRIID_A1 Address bus[1] 1.8-V HSTL Class | | PIN_W33
QDRIID_A2 Address bus[2] 1.8-VHSTL Class | | PIN_P34
QDRIID_A3 Address bus[3] 1.8-VHSTL Class | | PIN_P33
QDRIID_A4 Address bus[4] 1.8-VHSTL Class | | PIN_L32
QDRIID_A5 Address bus[5] 1.8-VHSTL Class | | PIN_K32
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QDRIID_A6 Address bus[6] 1.8-VHSTL Class | | PIN_R34
QDRIID_A7 Address bus[7] 1.8-VHSTL Class | | PIN_R33
QDRIID_A8 Address bus[8] 1.8-V HSTL Class | | PIN_T32
QDRIID_A9 Address bus[9] 1.8-V HSTL Class | | PIN_R32
QDRIID_A10 Address bus[10] 1.8-V HSTL Class | | PIN_N32
QDRIID_A11 Address bus[11] 1.8-VHSTL Class | | PIN_M32
QDRIID_A12 Address bus[12] 1.8-VHSTL Class | | PIN_T31
QDRIID_A13 Address bus[13] 1.8-V HSTL Class | | PIN_R31
QDRIID_A14 Address bus[14] 1.8-V HSTL Class | | PIN_K38
QDRIID_A15 Address bus[15] 1.8-V HSTL Class | | PIN_L37
QDRIID_A16 Address bus[16] 1.8-VHSTL Class | | PIN_K36
QDRIID_A17 Address bus[17] 1.8-V HSTL Class | | PIN_N33
QDRIID_A18 Address bus[18] 1.8-V HSTL Class | | PIN_M33
QDRIID_A19 Address bus[19] 1.8-VHSTL Class | | PIN_L39
QDRIID_A20 Address bus[20] 1.8-V HSTL Class | | PIN_K39
QDRIID_A21 Address bus[21] 1.8-V HSTL Class | | PIN_L35
QDRIID_DO Write data bus[0] | 1.8-V HSTL Class| | PIN_D36
QDRIID_D1 Write data bus[1] | 1.8-V HSTL Class | | PIN_F34
QDRIID_D2 Write data bus[2] | 1.8-V HSTL Class | | PIN_D34
QDRIID_D3 Write data bus[3] | 1.8-V HSTL Class| | PIN_D35
QDRIID_D4 Write data bus[4] | 1.8-VHSTL Class | | PIN_E34
QDRIID_D5 Write data bus[5] | 1.8-VHSTL Class | | PIN_E33
QDRIID_D6 Write data bus[6] | 1.8-V HSTL Class| | PIN_D33
QDRIID_D7 Write data bus[7] | 1.8-V HSTL Class | | PIN_F31
QDRIID_D8 Write data bus[8] | 1.8-VHSTL Class | | PIN_E31
QDRIID_D9 Write data bus[9] | 1.8-V HSTL Class | | PIN_F39
QDRIID_D10 Write data bus[10] | 1.8-V HSTL Class| | PIN_E37
QDRIID_D11 Write data bus[11] | 1.8-VHSTL Class | | PIN_G39
QDRIID_D12 Write data bus[12] | 1.8-VHSTL Class| | PIN_F36
QDRIID_D13 Write data bus[13] | 1.8-V HSTL Class| | PIN_E36
QDRIID_D14 Write data bus[14] | 1.8-VHSTL Class | | PIN_H30
QDRIID_D15 Write data bus[15] | 1.8-V HSTL Class| | PIN_F30
QDRIID_D16 Write data bus[16] | 1.8-V HSTL Class| | PIN_G30
QDRIID_D17 Write data bus[17] | 1.8-V HSTL Class| | PIN_G29
QDRIID_Q0 Read Data bus[0] | 1.8-VHSTLClass| | PIN_N28
QDRIID_Qf1 Read Data bus[1] | 1.8-VHSTLClass| | PIN_N31
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QDRIID_Q2 Read Data bus[2] | 1.8-VHSTLClass| | PIN_M28
QDRIID_Q3 Read Data bus[3] 1.8-VHSTL Class | | PIN_M30
QDRIID_Q4 Read Data bus[4] 1.8-V HSTL Class | PIN_ K29
QDRIID_Q5 Read Data bus[5] 1.8-V HSTL Class | PIN_J30
QDRIID_Q6 Read Data bus[6] | 1.8-VHSTLClass| | PIN_K31
QDRIID_Q7 Read Data bus[7] | 1.8-VHSTLClass| | PIN_G33
QDRIID_Q8 Read Data bus[8] | 1.8-VHSTLClass| | PIN_G34
QDRIID_Q9 Read Data bus[9] 1.8-VHSTL Class | | PIN_H33
QDRIID_Q10 Read Data bus[10] 1.8-V HSTL Class | PIN_J31
QDRIID_Q11 Read Data bus[11] 1.8-V HSTL Class | PIN_L31
QDRIID_Q12 Read Data bus[12] 1.8-V HSTL Class | PIN_L30
QDRIID_Q13 Read Data bus[13] 1.8-V HSTL Class | PIN_J29
QDRIID_Q14 Read Data bus[14] 1.8-V HSTL Class | PIN_L29
QDRIID_Q15 Read Data bus[15] 1.8-V HSTL Class | PIN_M29
QDRIID_Q16 Read Data bus[16] 1.8-VHSTL Class | | PIN_N30
QDRIID_Q17 Read Data bus[17] 1.8-V HSTL Class | PIN P28
QDRIID BWS n0 | Byte Write selectf0] | 1.8-V HSTL Class | | PIN_C37
QDRIID BWS n1| Byte Write select[1] | 1.8-V HSTL Class | | PIN_F37
QDRIID_K_p Clock P Differential 1.8-Y PIN_F32
HSTL Class |
QDRIID_K_n Clock N Differential 1.8-V PIN_E32
HSTL Class |

QDRIID_CQ_p Echo clock P 1.8-VHSTL Class | | PIN_G35
QDRIID_CQ_n Echo clock N 1.8-V HSTL Class | PIN_F35
QDRIID_RPS_n Report Select 1.8-V HSTL Class | | PIN_V33
QDRIID_WPS_n Write Port Select 1.8-V HSTL Class | | PIN_V32
QDRIID_DOFF_n PLL Turn Off 1.8-V HSTL Class | PIN_ W31
QDRIID_ODT On-Die Termination Input | 1.8-V HSTL Class | PIN_Y33
QDRIID_QVLD ValidOutput Indicator 1.8-V HSTL Class | PIN_P31

Table 2-15 QDRI+ SRAM E Pin Assignments, Schematic Signal Names, and

Functions

Arria 10 GX

Schematic
. Description I/0 Standard
Signal Name

QDRIIE_AO

Address bus|0]

1.8-V HSTL Class |

Pin Number

PIN_BB9

QDRIIE_A1

Address bus|1]

1.8-V HSTL Class |

PIN_BB8
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QDRIIE_A2 Address bus[2] 1.8-V HSTL Class | | PIN_AW15
QDRIIE_A3 Address bus[3] 1.8-V HSTL Class | | PIN_AW14
QDRIIE_A4 Address bus[4] 1.8-V HSTL Class | | PIN_AW13
QDRIIE_A5 Address bus5] 1.8-V HSTL Class | | PIN_AY13
QDRIIE_A6 Address bus[6] 1.8-V HSTL Class | | PIN_AY14
QDRIIE_A7 Address bus[7] 1.8-V HSTL Class | | PIN_BA14
QDRIIE_A8 Address bus[8] 1.8-V HSTL Class | | PIN_BA12
QDRIIE_A9 Address bus[9] 1.8-V HSTL Class | | PIN_BB12
QDRIIE_A10 Address bus[10] 1.8-V HSTL Class | | PIN_AU13
QDRIIE_A11 Address bus[11] 1.8-V HSTL Class | | PIN_AV13
QDRIIE_A12 Address bus[12] 1.8-V HSTL Class | | PIN_AY11
QDRIIE_A13 Address bus[13] 1.8-V HSTL Class | | PIN_BA11
QDRIIE_A14 Address bus[14] 1.8-V HSTL Class | | PIN_AK14
QDRIIE_A15 Address bus[15] 1.8-V HSTL Class | | PIN_AM13
QDRIIE_A16 Address bus[16] 1.8-V HSTL Class | | PIN_AN13
QDRIIE_A17 Address bus[17] 1.8-V HSTL Class | | PIN_AL14
QDRIIE_A18 Address bus[18] 1.8-V HSTL Class | | PIN_AM14
QDRIIE_A19 Address bus[19] 1.8-V HSTL Class | | PIN_AT14
QDRIIE_A20 Address bus[20] 1.8-V HSTL Class | | PIN_AU14
QDRIIE_A21 Address bus[21] 1.8-V HSTL Class | | PIN_AP13
QDRIIE_DO Write data bus[0] | 1.8-V HSTL Class | | PIN_BD18
QDRIIE_D1 Write data bus[1] | 1.8-V HSTL Class | | PIN_BC18
QDRIIE_D2 Write data bus[2] | 1.8-V HSTL Class | | PIN_AM20
QDRIIE_D3 Write data bus[3] | 1.8-V HSTL Class | | PIN_BC17
QDRIIE_D4 Write data bus[4] | 1.8-V HSTL Class | | PIN_AM18
QDRIIE_D5 Write data bus[5] | 1.8-V HSTL Class | | PIN_BD15
QDRIIE_D6 Write data bus[6] | 1.8-V HSTL Class | | PIN_BB15
QDRIIE_D7 Write data bus[7] | 1.8-V HSTL Class | | PIN_AV18
QDRIIE_D8 Write data bus[8] | 1.8-V HSTL Class | | PIN_AU18
QDRIIE_D9 Write data bus[9] | 1.8-V HSTL Class | | PIN_AT19
QDRIIE_D10 Write data bus[10] | 1.8-V HSTL Class | | PIN_AU19
QDRIIE_D11 Write data bus[11] | 1.8-V HSTL Class | | PIN_AR19
QDRIIE_D12 Write data bus[12] | 1.8-V HSTL Class | | PIN_BD13
QDRIIE_D13 Write data bus[13] | 1.8-V HSTL Class | | PIN_BD14
QDRIIE_D14 Write data bus[14] | 1.8-V HSTL Class | | PIN_BC15
QDRIIE_D15 Write data bus[15] | 1.8-V HSTL Class| | PIN_AP19
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QDRIIE_D16 Write data bus[16] 1.8-V HSTL Class | | PIN_BC16
QDRIIE_D17 Write data bus[17] 1.8-VHSTL Class | | PIN_BD16
QDRIIE_QO0 Read Data bus[0] | 1.8-V HSTL Class| | PIN_AN17
QDRIIE_Q1 Read Data bus[1] | 1.8-VHSTLClass| | PIN_AT17
QDRIIE_Q2 Read Data bus[2] 1.8-V HSTL Class | | PIN_AU17
QDRIIE_Q3 Read Data bus[3] 1.8-V HSTL Class | | PIN_BA16
QDRIIE_Q4 Read Data bus[4] 1.8-V HSTL Class | | PIN_AT16
QDRIIE_Q5 Read Data bus[5] 1.8-V HSTL Class | | PIN_AT15
QDRIIE_Q6 Read Data bus[6] 1.8-V HSTL Class | | PIN_AP16
QDRIIE_Q7 Read Data bus[7] 1.8-VHSTL Class | | PIN_AP15
QDRIIE_Q8 Read Data bus[8] | 1.8-VHSTL Class | | PIN_AN15
QDRIIE_Q9 Read Data bus[9] | 1.8-VHSTL Class | | PIN_AM15
QDRIIE_Q10 Read Data bus[10] | 1.8-V HSTL Class | | PIN_AN16
QDRIIE_QM Read Data bus[11] 1.8-VHSTL Class | | PIN_AR16
QDRIIE_Q12 Read Data bus[12] | 1.8-V HSTL Class | | PIN_AU15
QDRIIE_Q13 Read Data bus[13] 1.8-VHSTL Class | | PIN_AV15
QDRIIE_Q14 Read Data bus[14] | 1.8-V HSTL Class | | PIN_BA15
QDRIIE_Q15 Read Data bus[15] 1.8-VHSTL Class | | PIN_AW16
QDRIIE_Q16 Read Data bus[16] 1.8-VHSTL Class | | PIN_AY16
QDRIIE_Q17 Read Data bus[17] | 1.8-V HSTL Class | | PIN_AY17
QDRIIE_BWS_n0 Byte Write select[0] 1.8-VHSTL Class | | PIN_AM17
QDRIIE_BWS_n1 Byte Write select[1] 1.8-VHSTL Class | | PIN_AM19
QDRIIE_K_p Clock P Differential 1.8-Y PIN_AP18
HSTL Class |
QDRIIE_K_n Clock N Differential 18-V o\ AR18
- HSTL Class | -

QDRIIE_CQ_p Echo clock P 1.8-V HSTL Class | | PIN_AV16
QDRIIE_CQ_n Echo clock N 1.8-V HSTL Class | | PIN_AV17
QDRIIE_RPS _n Report Select 1.8-V HSTL Class | | PIN_BD10
QDRIIE_WPS _n Write Port Select 1.8-V HSTL Class | | PIN_BC10
QDRIIE_DOFF_n PLL Turn Off 1.8-VHSTL Class | | PIN_BD11
QDRIIE_ODT On-Die Termination Input | 1.8-V HSTL Class | | PIN_BB13
QDRIIE_QVLD ValidOutput Indicator 1.8-VHSTL Class | | PIN_AR17

Table 2-16 QDRI+ SRAM F Pin Assignments, Schematic Signal Names, and

Functions
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Arria 10 GX
Pin Number

Schematic
/0 Standard

Description

Signal Name

QDRIIF_A0 Address bus[0] 1.8-V HSTL Class | | PIN_AG14
QDRIIF_A1 Address bus[1] 1.8-V HSTL Class | | PIN_AF14
QDRIIF_A2 Address bus[2] 1.8-V HSTL Class | | PIN_AJ13
QDRIIF_A3 Address bus[3] 1.8-V HSTL Class | | PIN_AK13
QDRIIF_A4 Address bus[4] 1.8-V HSTL Class | | PIN_AH13
QDRIIF_A5 Address bus[5] 1.8-V HSTL Class | | PIN_AG13
QDRIIF _A6 Address bus[6] 1.8-V HSTL Class | | PIN_AG12
QDRIIF_A7 Address bus[7] 1.8-V HSTL Class | | PIN_AH12
QDRIIF_A8 Address bus[8] 1.8-V HSTL Class | | PIN_AM12
QDRIIF_A9 Address bus[9] 1.8-V HSTL Class | | PIN_AN12
QDRIIF_A10 Address bus[10] 1.8-V HSTL Class | | PIN_AE12
QDRIIF_A11 Address bus[11] 1.8-V HSTL Class | | PIN_AF12
QDRIIF_A12 Address bus[12] 1.8-V HSTL Class | | PIN_AK12
QDRIIF_A13 Address bus[13] 1.8-V HSTL Class | | PIN_AL12
QDRIIF_A14 Address bus[14] 1.8-VHSTL Class | | PIN_AT9

QDRIIF_A15 Address bus[15] 1.8-VHSTL Class | | PIN_AV7

QDRIIF_A16 Address bus[16] 1.8-VHSTL Class | | PIN_AV6

QDRIIF_A17 Address bus[17] 1.8-V HSTL Class | | PIN_AU9
QDRIIF_A18 Address bus[18] 1.8-V HSTL Class | | PIN_AV8

QDRIIF_A19 Address bus[19] 1.8-V HSTL Class | | PIN_AUS8
QDRIIF_A20 Address bus[20] 1.8-V HSTL Class | | PIN_AU7
QDRIIF_A21 Address bus[21] 1.8-V HSTL Class | | PIN_AP10
QDRIIF_DO Write data bus[0] | 1.8-V HSTL Class | | PIN_AJ9

QDRIIF_D1 Write data bus[1] | 1.8-V HSTL Class | | PIN_AJ10
QDRIIF_D2 Write data bus[2] | 1.8-VHSTL Class | | PIN_AH10
QDRIIF_D3 Write data bus[3] | 1.8-V HSTL Class | | PIN_AG10
QDRIIF_D4 Write data bus[4] | 1.8-V HSTL Class | | PIN_AG9
QDRIIF_D5 Write data bus[5] | 1.8-VHSTL Class| | PIN_AF10
QDRIIF_D6 Write data bus[6] | 1.8-V HSTL Class | | PIN_AD10
QDRIIF_D7 Write data bus[7] | 1.8-VHSTL Class | | PIN_AD11
QDRIIF_D8 Write data bus[8] | 1.8-V HSTL Class | | PIN_AC10
QDRIIF_D9 Write data bus[9] | 1.8-V HSTL Class | | PIN_AA9
QDRIIF_D10 Write data bus[10] | 1.8-V HSTL Class | | PIN_AA10
QDRIIF_D11 Write data bus[11] | 1.8-VHSTL Class| | PIN_Y9
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QDRIIF_D12 Write data bus[12] 1.8-VHSTL Class | | PIN_AE1M
QDRIIF_D13 Write data bus[13] | 1.8-V HSTL Class | | PIN_AF9
QDRIIF_D14 Write data bus[14] 1.8-VHSTL Class | | PIN_AF11
QDRIIF_D15 Write data bus[15] 1.8-V HSTL Class | PIN_AK9
QDRIIF_D16 Write data bus[16] 1.8-VHSTL Class | | PIN_AK11
QDRIIF_D17 Write data bus[17] 1.8-VHSTL Class | | PIN_AL11
QDRIIF_QO Read Data bus|0] 1.8-V HSTL Class | PIN_AP6
QDRIIF_Q1 Read Data bus[1] 1.8-V HSTL Class | PIN_ARG
QDRIIF_Q2 Read Data bus[2] | 1.8-VHSTL Class | | PIN_AM10
QDRIIF_Q3 Read Data bus[3] | 1.8-VHSTL Class | | PIN_AA12
QDRIIF_Q4 Read Data bus[4] | 1.8-V HSTL Class | | PIN_AA11
QDRIIF_Q5 Read Data bus[5] | 1.8-V HSTLClass| | PIN_Y11
QDRIIF_Q6 Read Data bus[6] | 1.8-V HSTLClass | | PIN_Y12
QDRIIF_Q7 Read Data bus[7] 1.8-V HSTL Class | PIN_W13
QDRIIF_Q8 Read Data bus[8] | 1.8-VHSTLClass| | PIN_W14
QDRIIF_Q9 Read Data bus[9] | 1.8-VHSTLClass| | PIN_W11
QDRIIF_Q10 Read Data bus[10] | 1.8-V HSTL Class | | PIN_V10
QDRIIF_Q11 Read Data bus[11] 1.8-V HSTL Class | PIN_W10
QDRIIF_Q12 Read Data bus[12] 1.8-V HSTL Class | PIN_W9
QDRIIF_Q13 Read Data bus[13] 1.8-V HSTL Class | PIN_Y13
QDRIIF_Q14 Read Data bus[14] 1.8-V HSTL Class | PIN_Y14
QDRIIF_Q15 Read Data bus[15] 1.8-VHSTL Class | | PIN_AL10
QDRIIF_Q16 Read Data bus[16] 1.8-V HSTL Class | PIN_AM9
QDRIIF_Q17 Read Data bus[17] 1.8-V HSTL Class | PIN_ANG6
QDRIIF_BWS n0 Byte Write select[0] 1.8-VHSTL Class | | PIN_AB10
QDRIIF_BWS_n1 Byte Write select[1] 1.8-V HSTL Class | PIN_AB9
QDRIIF_K_p Clock P Differential 1.8-Y PIN_AE9
HSTL Class |
QDRIIF_K_n Clock N Differential 1.8-Y PIN_AD9
HSTL Class |
QDRIIF_CQ p Echo clock P 1.8-VHSTL Class | | PIN_AMS8
QDRIIF_CQ n Echo clock N 1.8-VHSTL Class | | PIN_AM7
QDRIIF_RPS n Report Select 1.8-VHSTL Class | | PIN_AB13
QDRIIF_WPS_n Write Port Select 1.8-VHSTL Class | | PIN_AB14
QDRIIF_DOFF_n PLL Turn Off 1.8-VHSTL Class | | PIN_AB12
QDRIIF_ODT On-Die Termination Input | 1.8-V HSTL Class | | PIN_AE14
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QDRIIF_QVLD

ValidOutput Indicator

1.8-V HSTL Class |

PIN_AL9

2.9 QSPF+ Ports

The development board has four 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 2-12 shows the
connections between the QSFP+ and Arria 10 GX FPGA.
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Figure 2-12 Connection between the QSFP+ and Arria GX FPGA

Table 2-17, Table 2-18, Table 2-19 and Table 2-20 list the QSFP+ A, B, C and D pin
assignments and signal names relative to the Arria 10 GX device.

Table 2-17 QSFP+ A Pin Assignments, Schematic Signal Names, and Functions

Schematic Arria 10 GX
Description 1/0 Standard

Signal Name Pin Number
QSFPA_TX_PO Transmitter data of channel 0 | 1.4-V PCML | PIN_BD5
QSFPA_TX_NO Transmitter data of channel 0 | 1.4-V PCML | PIN_BD6
QSFPA RX PO Receiver data of channel 0 | 1.4-V PCML | PIN_BB5
QSFPA_RX_NO Receiver data of channel 0 | 1.4-V PCML | PIN_BB6
QSFPA_TX_P1 Transmitter data of channel 1 | 1.4-V PCML | PIN_BC3
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QSFPA_TX_N1 Transmitter data of channel 1 | 1.4-V PCML | PIN_BC4
QSFPA RX _P1 Receiver data of channel 1 | 1.4-V PCML | PIN_AY5
QSFPA_RX_ N1 Receiver data of channel 1 | 1.4-V PCML | PIN_AY6
QSFPA_TX P2 Transmitter data of channel 2 | 1.4-V PCML | PIN_BB1
QSFPA_TX_N2 Transmitter data of channel 2 | 1.4-V PCML | PIN_BB2
QSFPA_RX_P2 Receiver data of channel 2 | 1.4-V PCML | PIN_BA3
QSFPA_RX_N2 Receiver data of channel 2 | 1.4-V PCML | PIN_BA4
QSFPA_TX P3 Transmitter data of channel 3| 1.4-V PCML | PIN_AY1
QSFPA _TX N3 Transmitter data of channel 3| 1.4-V PCML | PIN_AY2
QSFPA_RX P3 Receiver data of channel 3 | 1.4-V PCML | PIN_AW3
QSFPA_RX_N3 Receiver data of channel 3 | 1.4-V PCML | PIN_AW4
QSFPA_MOD_SEL_n Module Select 1.8V PIN_AP30
QSFPA_RST_n Module Reset 1.8V PIN_AU30
QSFPA_SCL 2-wire serial interface clock 1.8V PIN_BA32
QSFPA_SDA 2-wire serial interface data 1.8V PIN_BC31
QSFPA_LP_MODE Low Power Mode 1.8V PIN_BD31
QSFPA_INTERRUPT _n Interrupt 1.8V PIN_BA30
QSFPA_MOD_PRS _n Module Present 1.8V PIN_BB30

Table 2-18 QSFP+ B Pin Assignments, Schematic Signal Names, and Functions
Arria 10 GX
Pin Number

Schematic -
. Description I/O Standard
Signal Name

QSFPB_TX_PO Transmitter data of channel 0| 1.4-V PCML | PIN_AP1
QSFPB_TX_NO Transmitter data of channel 0| 1.4-V PCML | PIN_AP2
QSFPB_RX_PO Receiver data of channel 0 | 1.4-V PCML | PIN_AN3
QSFPB_RX_NO Receiver data of channel 0 | 1.4-V PCML | PIN_AN4
QSFPB_TX_ P1 Transmitter data of channel 1| 1.4-V PCML | PIN_AM1
QSFPB_TX_N1 Transmitter data of channel 1| 1.4-V PCML | PIN_AM2
QSFPB_RX_P1 Receiver data of channel 1 | 1.4-V PCML | PIN_AL3
QSFPB_RX_N1 Receiver data of channel 1 | 1.4-V PCML | PIN_AL4
QSFPB_TX P2 Transmitter data of channel 2| 1.4-V PCML | PIN_AK1
QSFPB_TX_N2 Transmitter data of channel 2| 1.4-V PCML | PIN_AK2
QSFPB_RX P2 Receiver data of channel 2 | 1.4-V PCML PIN_AJ3
QSFPB_RX_N2 Receiver data of channel 2 | 1.4-V PCML | PIN_AJ4
QSFPB_TX_P3 Transmitter data of channel 3| 1.4-V PCML | PIN_AH1
QSFPB_TX_N3 Transmitter data of channel 3| 1.4-V PCML | PIN_AH2
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QSFPB_RX_P3 Receiver data of channel 3 | 1.4-V PCML | PIN_AG3
QSFPB_RX N3 Receiver data of channel 3 | 1.4-V PCML | PIN_AG4
QSFPB_MOD_SEL_n Module Select 1.8V PIN_AY29
QSFPB_RST_n Module Reset 1.8V PIN_BA29
QSFPB_SCL 2-wire serial interface clock 1.8V PIN_BB29
QSFPB_SDA 2-wire serial interface data 1.8V PIN_AY28
QSFPB_LP_MODE Low Power Mode 1.8V PIN_BB28
QSFPB_INTERRUPT _n Interrupt 1.8V PIN_BA27
QSFPB_MOD_PRS _n Module Present 1.8V PIN_BC27

Table 2-19 QSFP+ C Pin Assignments, Schematic Signal Names, and Functions

Schematic

Signal Name

Description

Arria 10
I/0 Standard| GX Pin
Number

QSFPC_TX_PO Transmitter data of channel 0 | 1.4-V PCML | PIN_AB1
QSFPC_TX_NO Transmitter data of channel 0 | 1.4-V PCML | PIN_AB2
QSFPC_RX_PO Receiver data of channel O 1.4-V PCML | PIN_AA3
QSFPC_RX_NO Receiver data of channel O 1.4-V PCML | PIN_AA4
QSFPC_TX _P1 Transmitter data of channel 1 | 1.4-V PCML | PIN_Y1
QSFPC_TX N1 Transmitter data of channel 1 | 1.4-V PCML | PIN_Y2
QSFPC_RX_P1 Receiver data of channel1 | 1.4-V PCML | PIN_W3
QSFPC_RX_N1 Receiver data of channel1 | 1.4-V PCML | PIN_W4
QSFPC_TX P2 Transmitter data of channel 2 | 1.4-V PCML | PIN_V1
QSFPC_TX_N2 Transmitter data of channel 2 | 1.4-V PCML | PIN_V2
QSFPC_RX_P2 Receiver data of channel 2 1.4-V PCML | PIN_U3
QSFPC_RX N2 Receiver data of channel 2 1.4-VPCML | PIN_U4
QSFPC_TX P3 Transmitter data of channel 3 | 1.4-V PCML | PIN_T1
QSFPC_TX N3 Transmitter data of channel 3 | 1.4-V PCML | PIN T2
QSFPC_RX_P3 Receiver data of channel 3 1.4-V PCML | PIN_R3
QSFPC_RX_N3 Receiver data of channel 3 1.4-VPCML | PIN_R4
QSFPC_MOD_SEL_n Module Select 1.8V PIN_BB27
QSFPC_RST_n Module Reset 1.8V PIN_BA26
QSFPC_SCL 2-wire serial interface clock 1.8V PIN_AU29
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QSFPC_SDA 2-wire serial interface data 1.8V PIN_AU28
QSFPC_LP_MODE Low Power Mode 1.8V PIN_AT30
QSFPC_INTERRUPT _n Interrupt 1.8V PIN_AT29
QSFPC_MOD_PRS_n Module Present 1.8V PIN_AR28

Table 2-20 QSFP+ D Pin Assignments, Schematic Signal Names, and Functions

Schematic

Signal Name

Description

Arria 10

I/0 Standard| GX Pin

Number

QSFPD_TX_PO Transmitter data of channel 0 | 1.4-V PCML | PIN_K1
QSFPD_TX_NO Transmitter data of channel 0 | 1.4-V PCML | PIN_K2
QSFPD_RX_PO Receiver data of channel O 1.4-V PCML | PIN_J3
QSFPD_RX_NO Receiver data of channel O 1.4-VPCML | PIN_J4
QSFPD_TX_P1 Transmitter data of channel 1 | 1.4-V PCML | PIN_H1
QSFPD_TX_N1 Transmitter data of channel 1 | 1.4-V PCML | PIN_H2
QSFPD_RX_P1 Receiver data of channel 1 1.4-VPCML | PIN_G3
QSFPD_RX_N1 Receiver data of channel 1 1.4-VPCML | PIN_G4
QSFPD_TX P2 Transmitter data of channel 2 | 1.4-V PCML | PIN_F1
QSFPD_TX N2 Transmitter data of channel 2 | 1.4-V PCML | PIN_F2
QSFPD_RX P2 Receiver data of channel 2 | 1.4-V PCML | PIN_E3
QSFPD_RX_ N2 Receiver data of channel 2 | 1.4-V PCML | PIN_E4
QSFPD_TX_P3 Transmitter data of channel 3 | 1.4-V PCML | PIN_D1
QSFPD_TX N3 Transmitter data of channel 3 | 1.4-V PCML | PIN_D2
QSFPD_RX_P3 Receiver data of channel 3 1.4-V PCML | PIN_D5
QSFPD_RX_N3 Receiver data of channel 3 1.4-V PCML | PIN_D6
QSFPD_MOD_SEL_n Module Select 1.8V PIN_AR27
QSFPD_RST_n Module Reset 1.8V PIN_AP29
QSFPD_SCL 2-wire serial interface clock 1.8V PIN_AP28
QSFPD_SDA 2-wire serial interface data 1.8V PIN_AN30
QSFPD_LP_MODE Low Power Mode 1.8V PIN_AN28
QSFPD_INTERRUPT _n Interrupt 1.8V PIN_AM29
QSFPD_MOD_PRS n Module Present 1.8V PIN_AM28

2.10 PCI Express

The FPGA development board is designed to fit entirely into a PC motherboard with x8
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or x16 PCI Express slot. Utilizing built-in transceivers on the Arria 10 GX device, it is
able to provide a fully integrated PCl 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
logic resources for logic application. Figure 2-13 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 6-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 (SW2) is
connected to the PCI Express to allow different configurations to enable a x1, x4, or x8
PCle.

Table 2-21 summarizes the Dual PCI Express pin assignments of the signal names
relative to the Arria 10 GX FPGA.

Data XCVR x8 —p

Clock Buffer 1:2 |¢—— 100MHz

T4 RST

PCIZ>

EXPRESS’

Data XCVR X8 ——p

SMBus ———————p>

>

Figure 2-13 PCI Express pin connection

Table 2-21 PCI Express Pin Assignments, Schematic Signal Names, and
Functions
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Schematic - Arria 10 GX
Signal Name Description 1/0 Standard Pin Number
PCIE_TX_pO Add-in card transmit bus 1.4-V PCML PIN_AV44
PCIE_TX_nO Add-in card transmit bus 1.4-V PCML PIN_AV43
PCIE_TX p1 Add-in card transmit bus 1.4-V PCML PIN_AT44
PCIE_TX n1 Add-in card transmit bus 1.4-V PCML PIN_AT43
PCIE_TX p2 Add-in card transmit bus 1.4-V PCML PIN_AP44
PCIE_TX n2 Add-in card transmit bus 1.4-V PCML PIN_AP43
PCIE_TX p3 Add-in card transmit bus 1.4-V PCML PIN_AM44
PCIE_TX_n3 Add-in card transmit bus 1.4-V PCML PIN_AM43
PCIE_TX p4 Add-in card transmit bus 1.4-V PCML PIN_AK44
PCIE_TX n4 Add-in card transmit bus 1.4-V PCML PIN_AK43
PCIE_TX p5 Add-in card transmit bus 1.4-V PCML PIN_AH44
PCIE_TX_n5 Add-in card transmit bus 1.4-V PCML PIN_AH43
PCIE_TX_p6 Add-in card transmit bus 1.4-V PCML PIN_AF44
PCIE_TX_n6 Add-in card transmit bus 1.4-V PCML PIN_AF43
PCIE_TX p7 Add-in card transmit bus 1.4-V PCML PIN_AD44
PCIE_TX n7 Add-in card transmit bus 1.4-V PCML PIN_AD43
PCIE_RX p0 Add-in card receive bus 1.4-V PCML PIN_AU42
PCIE_RX _n0 Add-in card receive bus 1.4-V PCML PIN_AU41
PCIE_RX p1 Add-in card receive bus 1.4-V PCML PIN_AR42
PCIE_RX n1 Add-in card receive bus 1.4-V PCML PIN_AR41
PCIE_RX p2 Add-in card receive bus 1.4-V PCML PIN_AN42
PCIE_RX n2 Add-in card receive bus 1.4-V PCML PIN_AN41
PCIE_RX p3 Add-in card receive bus 1.4-V PCML PIN_AL42
PCIE_RX n3 Add-in card receive bus 1.4-V PCML PIN_AL41
PCIE_RX p4 Add-in card receive bus 1.4-V PCML PIN_AJ42
PCIE_RX n4 Add-in card receive bus 1.4-V PCML PIN_AJ41
PCIE_RX p5 Add-in card receive bus 1.4-V PCML PIN_AG42
PCIE_RX n5 Add-in card receive bus 1.4-V PCML PIN_AG41
PCIE_RX p6 Add-in card receive bus 1.4-V PCML PIN_AE42
PCIE_RX n6 Add-in card receive bus 1.4-V PCML PIN_AE41
PCIE_RX p7 Add-in card receive bus 1.4-V PCML PIN_AC42
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PCIE_RX n7 Add-in card receive bus 1.4-VPCML PIN_AC41

PCIE_REFCLK p Motherboard reference clock HCSL PIN_AH40
PCIE_REFCLK n Motherboard reference clock HCSL PIN_AH39
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 detect x4 PCle slot
enabled using SW5 dip switch

PCIE_PRSNT2n_x8

Hot plug detect x8 PCle slot
enabled using SW5 dip switch

PCIE2_TX p0 Add-in card transmit bus 1.4-V PCML PIN_P44
PCIE2_TX _n0 Add-in card transmit bus 1.4-V PCML PIN_P43
PCIE2_TX_p1 Add-in card transmit bus 1.4-V PCML PIN_M44
PCIE2_TX_n1 Add-in card transmit bus 1.4-V PCML PIN_M43
PCIE2_TX_p2 Add-in card transmit bus 1.4-V PCML PIN_K44
PCIE2_TX_n2 Add-in card transmit bus 1.4-V PCML PIN_K43
PCIE2_TX_ p3 Add-in card transmit bus 1.4-V PCML PIN_H44
PCIE2_TX_n3 Add-in card transmit bus 1.4-V PCML PIN_H43
PCIE2_TX_p4 Add-in card transmit bus 1.4-V PCML PIN_F44
PCIE2_TX_n4 Add-in card transmit bus 1.4-V PCML PIN_F43
PCIE2_TX_p5 Add-in card transmit bus 1.4-V PCML PIN_D44
PCIE2_TX_n5 Add-in card transmit bus 1.4-V PCML PIN_D43
PCIE2_TX_p6 Add-in card transmit bus 1.4-V PCML PIN_B44
PCIE2_TX_n6 Add-in card transmit bus 1.4-V PCML PIN_B43
PCIE2_TX p7 Add-in card transmit bus 1.4-V PCML PIN_A42
PCIE2_TX _n7 Add-in card transmit bus 1.4-V PCML PIN_A41
PCIE2_RX pO Add-in card receive bus 1.4-V PCML PIN_N42
PCIE2_RX nO Add-in card receive bus 1.4-V PCML PIN_N41
PCIE2_RX p1 Add-in card receive bus 1.4-V PCML PIN_L42
PCIE2_RX n1 Add-in card receive bus 1.4-V PCML PIN_L41
PCIE2_RX p2 Add-in card receive bus 1.4-V PCML PIN_J42
PCIE2_RX n2 Add-in card receive bus 1.4-V PCML PIN_J41
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PCIE2_RX p3 Add-in card receive bus 1.4-V PCML PIN_G42
PCIE2 RX _n3 Add-in card receive bus 1.4-V PCML PIN_G41
PCIE2_RX p4 Add-in card receive bus 1.4-V PCML PIN_E42
PCIE2 RX _n4 Add-in card receive bus 1.4-V PCML PIN_E41
PCIE2_RX p5 Add-in card receive bus 1.4-V PCML PIN_D40
PCIE2_RX_n5 Add-in card receive bus 1.4-V PCML PIN_D39
PCIE2_RX_ p6 Add-in card receive bus 1.4-V PCML PIN_C42
PCIE2 RX _n6 Add-in card receive bus 1.4-V PCML PIN_C41
PCIE2_RX_ p7 Add-in card receive bus 1.4-V PCML PIN_B40
PCIE2_RX_n7 Add-in card receive bus 1.4-VPCML PIN_B39
PCIE2 REFCLK p Motherboard reference clock HCSL PIN_Y40
PCIE2_ REFCLK n Motherboard reference clock HCSL PIN_Y39
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 2-14. 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 2-22 shows the mapping of the FPGA pin assignments to the 2x5 GPIO header..

J2
VCC3P3O—G-HO—P-0—O 1 2 o/ GPIO P1
GPIO CLK0O 4 3 4 0 GPIO_P2
GPIO_CLK1 g ? g > GPIO P3
VCC1P8O d 9 10P—1
2X5 Header —_

Figure 2-14 Pin-out of Timing Expansion Header
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Table 2-22 Timing Expansion Header Pin Assignments, Schematic Signal

Names, and Functions

Stratix 10
Schematic
. Description 1/0 Standard GX/SX Pin
Signal Name
Number
GPIO_PO Bi-direction 1.8V GPIO 1.8-V PIN_BC28
GPIO_P1 Bi-direction 1.8V GPIO 1.8-V PIN_BD29
GPIO_P2 Bi-direction 1.8V GPIO 1.8-V PIN_BC30
GPIO_P3 Bi-direction 1.8V GPIO 1.8-V PIN_AR29
FPGA dedicated clock input or
GPIO_CLKO o 1.8-V PIN_ AV33
Bi-direction 1.8V GPIO
FPGA dedicated clock input or
GPIO_CLK1 o 1.8-V PIN_ AW33
Bi-direction 1.8V GPIO

2.12 2x4 GPIO Expansion Header

The 2x4, 2.0 mm pitch GPIO expansion header is designed to provide seven user pins
connected directly to the FPGA and one GND pin. Figure 2-15 shows the connection
between 2x4 GPIO header and Arria 10 GX FPGA. Table 2-23 lists the pin
assignment of 2x4 GPIO header.

J12

GPIO[6..0]

Figure 2-15 Connection between 2x4 GPIO Header and Arria 10 GX FPGA
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Table 2-23 Pin Assignments of 2x4 GPIO Header

Schematic - Arria 10 GX

Signal Name Description 1/0 Standard Pin Number
GPIO0 GPIO Connection [0] PIN_AT36
GPIO1 GPIO Connection [1] PIN_AT35
GPIO2 GPIO Connection [2] PIN_AU35
GPIO3 GPIO Connection [3] 1.8-V PIN_AU34
GPIO4 GPIO Connection [4] PIN_AV35
GPIO5 GPIO Connection [5] PIN_AU32
GPIO6 GPIO Connection [6] PIN_AV32
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Chapter 3

System Builder

his chapter describes how users can create a custom design project for the
FPGA board from a software tool named System Builder.

3.1 Introduction

The System Builder is a Windows based software utility. It is designed to help users
create a Quartus Il project for the FPGA board within minutes. The Quartus Il project
files generated include:

Quartus Il Project File (.qpf)

Quartus Il Setting File (.gsf)

Top-Level Design File (.v)

External PLL Controller (.v)

Synopsis Design Constraints file (.sdc)

Pin Assignment Document (.htm)

The System Builder not only can generate the files above, but can also provide error-
checking rules to handle situation that are prone to errors. The common mistakes that

users encounter are the following:

® Board damaged for wrong pin/bank voltage assignment.

® Board malfunction caused by wrong device connections or missing pin counts
for connected ends.

® Performance dropped because of improper pin assignments
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3.2 General Design Flow

This section provides the detail procedures on how the System Build
This section will introduce the general design flow to build a project for the FPGA board
via the System Builder. The general design flow is illustrated in the Figure 3-1.

Users should launch System Builder and create a new project according to their design
requirements. When users complete the settings, the System Builder will generate two
maijor files which include top-level design file (.v) and the Quartus Il setting file (.gsf).

The top-level design file contains top-level Verilog wrapper for users to add their own
design/logic. The Quartus |l setting file contains information such as FPGA device type,

top-level pin assignment, and 1/O standard for each user-defined 1/O pin.

Finally, Quartus Il programmer must be used to download SOF file to the FPGA board

using JTAG interface.

End

Figure 3-1Thegeneral design flow of building a project
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3.3 Using System Builder

This section provides the detail procedures on how the System Builder is used.

B Install and Launch the System Builder

The System Builder is located under the directory: "Tools\SystemBuilder" in the
System CD. Users can copy the entire folder to the host computer without installing the
utility. Please execute the SystemBuilder.exe on the host computer, as shown in Figure
3-2.

TR10a-HL2 V100 [ = ]

www, LerasIc. com

~System Configuration

Project Mame: TR10a_HLZ

[ CLOCK VI DIP Switch % 2

VILED = 5

¥ Button x 4

[¥ Fan Control
DRI+ SRAM A
M QDRI+ SRAM C
[V QDRI+ SRAM E

¥ Temperature Sensor
Power Monitor

Flash (256MB)

M QDRI+ SEAM B
QDRI+ SRAM D
MIQDRII+ SRAM F

- SiB340A VI QSFP+ A ¥ QSFP+ B
QSFPA_REFCLK_pm- MHz QSFP+C QSFP+ D
QSFPB_REFCLK_pfn- MHz 2x6 Timing Header 2x4 GPIO
QSFPC,REFCLK,pfn: MHz PCle a2
QSFPD_REFCLK pin{64453126 ~| MHz [ Detoult Sating ] [ o

553408
QDRIX_REFCLK_pin{275.00000 +| MHz [ Load Sefting... ] I Save Setting..

s ABICIDIESF [ e— || -

Figure 3-2 The System Builder window

B Enter Project Name
The project name entered in the circled area as shown in Figure 3-3, will be assigned
automatically as the name of the top-level design entry.
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TR10a-HL2 V100

www, LerasIc. com

~System Configuration

Project NameGRW Da_HL2

)

¥ CLOCK
VILED = 5

¥ Button x 4

[¥ Fan Control
DRI+ SRAM A
M QDRI+ SRAM C
[V QDRI+ SRAM E

DIP Switch % 2

¥ Temperature Sensor
Power Monitor

Flash (256MB)

M QDRI+ SEAM B
QDRI+ SRAM D
MIQDRII+ SRAM F

- SiB340A QSFP+ A ¥ QSFP+ B
QSFPA_REFCLK pin'|§44 53125 +| MHz QSFP+ C ¥ QSFP+ D
QSFPB_REFCLK_pin:|p44 53126 | MHz 2xB Timing Header 7] 24 GRIO
QSFPC_REFCLK pin|644 53125 | MHz PCle PCle2
QSFPD_REFCLE fn. MHz

P|p4455120 | DefautSettng | | Select Al ]
~SiB340B
Load Setting... S Setting..
QDRI REFCLE ph276 00000 ~| MHz [ 08d setting ] I ave Setting l
% AJBICIDIESF l FEp— l I o l

Figure 3-3 The Quartus project name

System Configuration

Users are given the flexibility of enabling their choices of components connected to the
FPGA under System Configuration, as shown in Figure 3-4. Each component of the
FPGA board is listed to be enabled or disabled according to users’ needs. If a
component is enabled, the System Builder will automatically generate the associated
pin assignments including its pin name, pin location, pin direction, and I/O standards.

Note: The pin assignments for some components (e.g. QDRI+ and QSFP+) require
associated controller codes in the Quartus project or it would result in compilation error.
Hence please do not select them if they are not needed in the design. To use the QDRII+
controller, please refer to the QDRI+ SRAM demonstration in Chapter 6.
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TR10a-HL2 V100

~System Configuration

Project Mame: TR10a_HLZ

CLOCK VI DIP Switch x 2 )
LEDx 8 ¥ Temperature Sensor

Button x 4

[¥] Fan Control
QDRI+ SRAM A
QDRI+ SRAM C
QDRI+ SRAM E

¥ Porwar Monitor
Flash {266MB)
M GDRI+ SRAM B
W GDRI+ SRAM O
M QDRI+ SRAM F

- SiB340A QSFP+ A ¥ QSFP+ B
QSFPA_REFCLK pin'|§44 53125 +| MHz QSFP+ C ¥ QSFP+ D
QSFPB_REFCLK_pin:|p44 53126 | MHz 2xB Timing Header 7] 24 GRIO
QSFPC_REFCLK pmi|644 53126 ~| MHz PCle PCle2? J
QSFPD_REFCLE fn. MHz

P|p4455120 | DefautSettng | | Select Al ]
~SiB340B
Load Setting... S Setting..
QDRI REFCLE ph276 00000 ~| MHz [ 08d setting ] I ave Setting l
*: AJBICIDIEIF l e— l I o l

Figure 3-4 System Configuration group

B Programmable Oscillator

There are two external oscillators on-board that provide reference clocks for the
following signals
QSFPA_REFCLK,QSFPB_REFCLK,QSFPC_REFCLK,QSFPD_REFCLK,
QDRIIA_REFCLK, QDRIIB_REFCLK, QDRIIC_REFCLK , QDRIID_REFCLK
QDRIIE_REFCLK and QDRIIF_REFCLK. To use these clock, users can select the
desired frequency on the Programmable Oscillator group, as shown in Figure 3-5.
QDRII, or QSFP+ must be checked before users can start to specify the desired
frequency in the programmable oscillators.

As the Quartus project is created, System Builder automatically generates the
associated controller according to users’ desired frequency in Verilog which facilitates
users’ implementation as no additional control code is required to configure the
programmable oscillator.

Note: If users need to dynamically change the frequency, they would need to modify
the generated control code themselves.
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TR10a-HL2 V100

www, LerasIc. com

~System Configuration

TRige-L2 'F

s

CLOCK
LED % 8
Button x 4
Fan Control

Project Mame: TR10a_HLZ

DIP Switch % 2
¥ Temperature Sensor
Power Monitor
Flash (256MB)

QDRI+ SRAM A
QORI+ SRAMC
QORI+ SRAM E

ASIB340A
QSFPA_REFCLE_pini| 844531256 ~| MHz

QSFPE_REFCLK_pini|544 531256 ~| MHz
QSFPC REFCLK piis44 53125 ~| MHz

QSFPD_REFCLK_pin{64463126 ~| MHz

MIGDRI+ SRAM B
VIGDRI+ SRAM D
MIQDRII+ SRAM F

rSib340B

QORI _REFCLE_phi| 27500000 ~| MHz

W ABICIDER

Y ASFP+ & MIQSFP+ B
\# QSFP+ C ¥ QSFP+ D

2B Tirmning Header x4 GPIO

FCle PCle2

| DefaultSetfing | Select Al ]
[ Load Setting... ] l Save Setting.. I
[ Generate l l Exit l

Figure 3-5 External programmable oscillators

B Project Setting Management

The System Builder also provides functions to restore default setting, load a setting,
and save board configuration file, as shown in Figure 3-6. Users can save the current
board configuration information into a .cfg file and load it into the System Builder.

TR10a-HL2 V100 L= ]

www, LerasIc. com

~System Configuration

Project Mame: TR10a_HLZ

CLOCK
LED % 8
Button x 4
Fan Control

DIP Switch % 2
¥ Temperature Sensor
Power Monitor
Flash (256MB)

QORI+ SRAM A
QORI+ SRAMC
QORI+ SRAM E

FSiB3404A
QSFPA_REFCLE_pini| 844531256 ~| MHz

QSFPE_REFCLK_pini|544 531256 ~| MHz
QSFPC REFCLK piis44 53125 ~| MHz

QSFPD_REFCLK_pin{64463126 ~| MHz

VI GDRI+ SRAM B
VIGDRI+ SRAM D
MIQDRII+ SRAM F

rSib340B

QORI _REFCLE_phi| 27500000 ~| MHz

W ABICIDER

¥ ASFP+ & MIQSFP+ B

¥ QSFP+C VI GSFRP+ D

2B Tirmning Header x4 GPIO

FCle PCle2

| Default Setfing | Select Al |
[ Load Setting... ] l Save Setting.. I
[ Generate l l Exit l

Figure 3-6 Project Settings
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B Project Generation

When users press the Generate button, the System Builder will generate the
corresponding Quartus Il files and documents as listed in theTable 3-1 in the directory
specified by the user.

Table 3-1 Files generated by the System Builder

1 <Project name>.v Top Level Verilog File for Quartus Il

2 | Si5340 controller (*) | Si5340A and Si5340B External Oscillator Controller IP
3 <Project name>.qpf Quartus Il Project File

4 <Project name>.qgsf Quartus Il Setting File

5 | <Project name>.sdc Synopsis Design Constraints File for Quartus |l

6 | <Project name>.htm Pin Assignment Document

(*) The Si5340_controller is a folder which contains the Verilog files for the configuration
of Si5340A and Si5340B.

Users can add custom logic into the project and compile the project in Quartus Il to
generate the SRAM Object File (.sof).

For Si5340A, its controller will be instantiated in the Quartus Il top-level file, as listed
below:

53



Configure 5153404

"define sSI5340A_POWER_DOWN
‘define 515340A_644M53125
‘define 5153404_322M265625
“define SI53404a_312M5
“define 5153404_250M
“define SIS3404_156M25
“define sI153404_125M
“define s153404_100M

Lad Ll LA Ll L L Ll L
=
=

wire si5340a_controller_start;
wire si5340a_config_done;

assign s5i5340a_controller_start = ~BUTTON[O];

515340a_controller si5340a_controller(
LICLK(CLK_50_B2F),
CIRST_A{CPU_RESET_R),
Jistart(si5340a_controller_start),
LIPLL_OUTO_FREQ_SEL{ S5I53404a_644M53125),/
.iPLL_OUT1_FREQ_SEL{ SI5340A_644M53125),
LIPLL_OUTZ2_FREQ_SEL{ 5I53404a_644M53125),

/QSFP-A
'0SFP-B
'QSFP-C
.iPLL_OUT3_FREQ_SEL{ SI5340A_644M53125),//Q5FP-D
LIZ2C_CLK(SIS340A_T2C_SCL),
LI2C_DATA(SIS3404A_I2C_SDA),

. OPLL_REG_CONFIG_DONE(515340a_config_done)

)i
assign 5I5340a_OE_n = 1 b0;
assign SIS340A_RST_n = CPU_RESET_n;
For Si5340B, its controller will be instantiated in the Quartus Il top-level file, as listed

below:

Configure SI5340B

“define REFCLK_QDR275 4 'hO
“define REFCLK_QDR250 4'h1
“define REFCLK_QDR225 4'h2

wire s15340b_controller_start;
wire si5340b_config_done;

assign si5340b_controller_start = ~BUTTON[O];

515340b_controller s5i5340b_controller(
LICLK(CLK_50_B2F),
LIRST_N{CPU_RESET_nN),
istart(si5340b_controller_start),
.iPLL_OUT_FREQ_SEL{ REFCLK_QDR275),
LI2C_CLK(SIS340B_I2C_SCL),
.I2C_DATA(SIS3406_I2C_SDA),
. OPLL_REG_CONFIG_DONE{515340b_config_done)

);

assign SIS340B_0E_n = 1'b0;
assign SIS340B_RST_n = CPU_RESET_n;

If the dynamic configuration for the oscillator is required, users need to modify the code

according to users’ desired behavior.
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Chapter 4

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.

4.1 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 SW1 MSEL[2:0] as
000 as shown in Figure 4-1.

3. Specify the configuration of the FPGA using the default Factory Configuration
Image or User Configuration Image by setting SW1.4 according to Figure 4-2.
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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L)

Figure 4-2 Configuration Image Selection

4.2 CFI Flash Memory Map

The TR10a-HL2 has one 1-Gbit, 16-bit data width, CFl 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 4-1 shows the memory map for the on-board flash. This memory provides non-
volatile storage for two FPGA bit-streams and Nios Il Program, users data, as well as
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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
must not be altered.

Table 4-1 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 — Ox0563FFFF
Factory software 8,192 0x05640000 — OXO5E3FFFF
User software and data 34,560 0Ox05E40000 — 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_Restored folder to
write the hardware and software data into the CFI-Flash.

4.3 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 4-2.
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Table 4-2 Flash Example Design
Flash_Programming This is the flash programming design. It is used to write
data into FLASH by a Quartus Programmmer.
Flash_Factory A simple example design. Its FPGA configure data and
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_Restored A batch file used for to programming Flash_Factory and
the Flash_User project into CFI Flash.

Figure 4-3 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 CFlI 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.

Option Bits

sof & .elf

Flash_Programming.sof
JTAG
(USB Blaster)

FPGA Configure

User |
FPGA Configure Data

User
Nios Il Program

Figure 4-3 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.

4.4 Flash_Programming Example
The Flash_Programing project is designed to program CFI flash by a Quartus
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Programmer. In the project, Intel Parallel Flash Loader Il IP is used to program the CFI-

Flash. Figure 4-4 shows the Generic Setting in the IP. “Flash Programming” operation

mode is used, and “CFl Parallel Flash” is selected. Figure 4-5 shows the Flash

Interface Setting. “CFIl 1 Gbit” is selected. The DE10-Pro.sof generated by this program
is used in the flash programming batch files located in the Flash_Restored Folder.

System: pfl_ii Path;: parallel_flash_loader_2_0

Intel FPGA Parallel Flash Loader |

altera_parallel_flash_loader_2

General |/ Flash Interface Setting r Flash Programming |

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

What s the targeted flash?: CFI Parallel Flash H

Setflash bus pins to tri-state when notin use

Figure 4-4 General Setting in PFL Il IP

System: pfl_ii  Path: parallel_flash_loader_2_0

Intel FPGA Parallel Flash Loader Il

altera_parallel_flash_loader_2

General Flash Interface Setting rFIash Programming |

How many flash devices will be used?:

What's the largest flash device that will be used?: (oE) 1 ebit

i<

Whatis the flash interface data width?: 16 bits

[] Allow user to control the FLASH_NRESET pin

Figure 4-5 Flash Interface Setting in PFL Il IP

4.5 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
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and instruction bus to the flash controller as shown in Figure 4-6 . Then, specify the
Factory Software Location 0x05640000 as Reset Vector in the Nios Il Processor
component as shown in Figure 4-7 . Finally, developers need to uncheck the
allow_code_at_reset and enable_alt_load options in the BSP editor under of Nios |l

IDE tool (Nios Il Software Builder Tools for Eclipse) as shown in Figure 4-8

AddressMap P | Interconnect Requirements 3% | Device Family &2 =

= | [« | B0 System: HELLO_QS¥S
L Use  Connections Name Description Export Clock Bas
g B nios2_gen2? Mios I Processor o
X clk (Clock Input clk
E et [Reset Input [clk] F
.I —_— data_master valon Memory Mapped Master [clk]
- —_—— instruction_master valon Memory Mapped Master [c1k] L
g Interrupt Receiver [clk] 117
7 — < debug_reset_request [Resst Output [c1k]
= debug_mem_slave \valon Memory Mapped Slave [clk] 0x1140_0800
cuslom_instroction_ma... (Custom Instruction Master
O efi_flash_atb_bridg . |Tri-Btate Conduit Brid ge
clk (Clack Input sys_clk
remt [Reset Input [clk]
tex Tristate Conduit Slave [clk]
oot ondnit cfi_flash_atb_bridge 0...
C B ext_flosh Generic Tri-State Controller )
clk lock Tnpuf oIk
et [Reset Input [clk]
uas \valon Memory Mapped Slave [elk] ( & D:x0000_0000 )
— tem Tristate Conduit Master [clk] -
] I | r

Figure 4-6 Flash Controller Settings in Platform Designer (formerly Qsys)

Nios Il Processor
altera_nios2_genz

Vectors |’Caches and Memaory Interfaces rArithmeticInstructiuns ﬁ

™ Reset Vector

Resetvector memory: ‘e}d flash.uas |v|
Resetvector offset: 0x05640000
Resetvector:

Figure 4-7 Factory Software Reset Vector Settings for NIOS Il Processor
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= BSP Editor - settings.bsp

File Edit Tools Help

Main | Software Packages I Drivers I Linker Scriptl Enable File Generation | Target BSP Directory

SOPC Information file:  ..\..\QSYS_Default\QSYS_Default.sopcnfo
CPUname: nios2_gend
Operating system: Altera HAL Version: :default -
BSP target directory:  Gi\dev_2017\de 10-pro-q17. 1\Flash_Factory'software\NIOS_APP_bsp

=-5ettings
E-Cormmon hal.linker
ERAdvanced

[ allow_code_at_reset

[7] enable_alt_load

[T enable_alt_load_copy_rodata

enable_alt_load_copy_rwdata

enable_alt_load_copy_exceptions

Figure 4-8 BSP Editor in Nios Il IDE

4.6 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

4-9 .

|"' Reset Yector

Resst vector memory: .e:-:t_ﬂﬂsh.um -
Reset vector offset: Q30 5e40000
Reset vector: (20 5e40000

Figure 4-9 User Software Reset Vector Settings for NIOS Il Processor

4.7 Flash_Tool Example

This example show how the Nios Il program accesses the FLASH. Figure 4-10
shows a screenshot of the Flash_Tool menu shown under Nios Il terminal.
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EX Altera Nios Il EDS 16.1 [gccd] — O X

instance 0x00

0K

V ~ 1 s
button or

Figure 4-10 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

4.8 Programming Batch File

The Flash_Restored folder includes batch files to program the Factory image and User
image into the CFI flash. Figure 4-11 shows the contents of the Flash_Restored 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. TR10a_HL2.sof is generated by the Flash_Programming project.
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. factory

| user
|| flash.cdf
|_|flash.cof
=] fiash.map
|_|flash.paef
ﬁash;mgram.bat
|| flash_prograrm.sh
|| TR10A_HL.sof

Figure 4-11 Flash_Restored folder content

The flash_program.bat is the top batch file for flash programming. The batch file will
configure the FPGA with TR10a_HL2.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.

4.9 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_Restored folder is used to restore the flash content. Performing
the following instructions can restore the flash content:

Make sure the Nios || EDS and USB-Blaster Il driver are installed.

2. Make sure the FPGA board and PC are connected with an USB Cable.
3. Power on the FPGA board.
4. Copy the “Demonstrations/Flash_Restored” folder under the CD to your PC’s

local drive.
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.
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Power off the FPGA Board.
Set FPGA configuration mode as AVSTx8 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 SW1.4 to the ‘1’ position.

4. Power on the FPGA Board, and the Configure Done LED D7 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 TR10a_HL2.sof and NIOS_APP.elf files generated by
Flash_Factory project, and the user subfolder includes TR10a_HL2.sof and
NIOS_APP.elf files generated by Flash_User project. The TR10a_HL2.sof under the
Flash_Restored folder is used to program flash by Quartus Programmer.
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Chapter 5

Peripheral Reference Design

his chapter introduces TR10a-HL2 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.

5.1 Board Protection

This section introduces a Terasic Temperature Monitor IP which can be used to monitor
board temperature and raise an alert when the FPGA temperature reaches the specified
threshold. Figure 5- 1 shows the block diagram for this demonstration. The User Logic
keeps LED blinking to indicate the monitor status is normal. This function can be
enabled or disabled through the enable pin. Alert Temperature is set to 80°C by default.
The measured FPGA temperature is displayed on the four LEDs located at PCie bracket.
If the FPGA temperature exceeds 80°C, the alert is triggered. It would cause the User
Logic to be disabled and the LED will be turned off.

Temperature
Monitor IC
I 12C
50MHz Temperature ;
Monitor IP

Figure 5- 1 Block Diagram of Temperature Monitor (!!! Need update by nina)

Alert _Temperature
80

R L User Logic
P ERE (LED Blink)
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B Temperature Monitor IP

The temperature Monitor IP is called as Temperature_Monitor. Table 5- 1 shows the

interface of the Temperature_Monitor IP. Users need to provide 50 MHz clock signal for

this IP and connect the 12C bus to the temperature chip. Users also need to specify the

temperature threshold through the Alert Temperature.

If the measured FPGA

temperature exceeds the threshold specified by Alert_Temperature, the Alert signal will

be pulled high. Users need to turn off the board immediately to avoid any damage to

the FPGA.
Table 5- 1 Temperature_Monitor Interface
Port Direction Description
iClk50 input Provide 50 MHz clock signal to the IP
TEMP_I12C_SCL output I12C SCL pin for Temperature Sensor
TEMP_I2C_SDA In/out I12C SDA pin for Temperature Sensor
Set alter temperature in degree C.
Alert_Temperature[9:0] input Typically 80 is recommended. Do NOT
exceed 95.
High active. When FPGA temperature
exceeds the threshold specified by
Alert_temperature, the alert pin will be
Alert output pulled high.
Note the Alert signal will never be pulled
low once it is pulled except when FPGA is
reconfigured.
Optional Interface. This interface is
.Temp_Detected output reserved to provide current measured

FPGA temperature.

B Demonstration File Locations

® Hardware project directory: Board_Protection

® Bitstream used: Board_Protection.sof

® Demo batch file : Board_Protection\demo_batch\test.bat

B Demonstration Setup and Instructions
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Make sure Quartus Prime is installed on your PC.

Power on the FPGA 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,
Board_Protection\demo_batch.

After FPGA is configured, the four user LEDs will blink. The measured temperature
will be displayed by the four bracket LEDs as defined in Table 5-1.

If the FPGA temperature exceed 80s degree, the LEDs will stop blinking. For test,
please modify the Alert Temperature to a lower value to so the measured
temperature value can exceed the temperature specified by Alert_ Temperature the
in finally.

Table 5-1 Bracket LED indication for Temperature
Bracket LED

Temperature 1: LED Lighten
0: LED Un-lighten
>= 100 1111
>= 95 1110
>= 90 1101
>= 85 1100
>= 80 1011
>=75 1010
>=70 1001
>= 65 10007
>= 60 0111
>= 55 0101
>= 50 0101
>=45 0100
>=40 0011
>= 35 0010
<35 0001
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5.2 Configure Si5340A/B in RTL

There are two Silicon Labs Si5340 clock generators on TR10a-HL2 FPGA board can
provide adjustable frequency reference clock (See Figure 5-1) for QSFP and QDRII
interfaces, etc. Each Si5340 clock generator can output four groups differential
frequencies from 100Hz ~ 712.5Mhz though [12C interface configuration. This chapter
will show you how to use FPGA RTL IP to configure each Si5340 PLL and generate
users desired output frequency to each peripheral. In the following instruction, the two
Si5340 chips will be named as Si5340A and Si5340B respectively.

Si5340A 12C SDA/SCL

Si5340A
ey for QSFPA

e for QSFPB
iy for QSFPC

for QSFPD

vy v. v v

=i

LVDS

Si5340B Clock Buffer Default:275MHz x4,

: > 1
s for QDRII+SRAM-A/B/C/D .

Default:275MHz,for QDRII+SRAM-F

>

Crystal
48MHz '

Default:275MHz,for QDRI+SRAM-E

Si5340B 12C SDA/SCL

Figure 5-1 Si5340 Clock Generators

B Creating Si5340 Control IP

The Si5340 control IP is located in the folder:
\Demonstration\si5340_control_ip”.

Also, System Builder tool ( locate in System CD) can be used to help users to set Si5340
to output desired frequencies, and generate a Quartus project with control IP. In System
Builder window, when checking the boxes of QSFP and QDRII interfaces, Si5340
corresponding output channels will become available and users can select desired
frequencies. For example, when checking QSFP+ A box (See Figure 5-2), SI5340A
QSFPA_REFCLK_P/N can provide six frequencies from 100Mhz to 644.5312Mhz for
users selecting.

As shown in Figure 5-3, if all the receiving Si5340 reference clock interface boxes are
checked, then, every frequency channel of the two Si5340 chips is controllable by users.
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TR10a-HL Vl,O,D-

ter

WWW.TErBEIC, Com

i Systern Configuration

[EiReiRelel

VI LEDx &

[ Button x 4

[¥! Fan Control
QDRI+ SRAM A
M QDRI+ SRAM C
M QDRI+ SRAM E

Sib340A
QSFRPA_REFCLE_p

GSFPE_REFCLE pi
QSFFC_REFCLK_p
QSFPO_REFCLK _pi

Praject Name: TR10a_HL

DIP Switch x 2

[¥| Termperaturs Sensor
Power Monitor

Flash (256MB)
QDRI+ SEAM B

I QDRI+ SRAM D
VIQDRII+ SRAM F

Sib340E
QORIK_REFCLE_p

K ABICIDIESR

QSFP+ A VI QSFF+ B
e Hz MQsFP+C ©1GSFP+ D
- Mot Use Hz PCle RS422 Expansion
10000000
M 125 0000 Hz [ 2x4 GPIO
15625000
n: Hz
550 00000 | DefauitSeting | | Select Al |
31250000
322 26500 " [ Load Setting.. ] l Save Setting... ]
B
[ Generate. I [ Exit ]

Click "Generate" button, then, open the Quartus Project generated by System Builder,

Figure 5-2 Enable Si5340A clock on System Builder

TR10a-HL V1 0,0- [ = ]
ter i Systern Configuration
WWw.Cerasic.com
Praject Name: TR10a_HL
CLOCK DIP Switch x 2
LEDx & [¥| Termperaturs Sensor
Button x 4 Power Monitor
Fan Control Flash (266ME)
/I QDRI+ SRAM A FIQDRI+SRAM B\
QDRI+ SRAM C QORI+ SRAM D
FICDRI+ SRAM E VI QDRI+ SRAM F
EETA0n VI CSFP+ A VI QSFF+ B
QSFPA_REFCLK pin|64453125 ~ MHz \MQsFp: C QSFP+ D Y,
QSFPE_REFCLK_p/ini|e4453125 | MHz PCle R5422 Expansion
QSFPC_REFCLE_pin|4453125 | MHz ¥ 244 GPIO
QSFPO_REFCLK_ .fn. MHz
pin 64483125 | DefauitSeting | | Select Al |
~SiB340B
Load Setting.. S Setting...
QDRI REFCLK pii{276.00000 «| MHz | Loadseting J | e setling |
X AIBICIDIESF
J [ Generate... I | Exit |

Figure 5-3 Enable Si5340A and Si5340B clock on System Builder

the control IPs for Si5340A and Si5340B can be found in the top level file.

I
I

Configure SI5340A

I
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“define SI15340A_POWER_DOWN  3'h0
“define SI5340A_644M53125  3'h1

“define SI5340A_322M265625 3'h2

“define SI5340A_312M5 3'h3
“define SI15340A_250M 3'h4
“define SI5340A_156M25 3'h5
“define SI5340A_125M 3'h6
“define SI15340A_100M 3'h7

wire si5340a_controller_start;

wire si5340a_config_done;

assign si5340a_controller_start = ~BUTTONIO];

si5340a_controller si5340a_controller(
ACLK(CLK_50_B2F),
iRST_n(CPU_RESET _n),
.iStart(si5340a_controller_start),
iPLL_OUTO_FREQ_SEL('SI5340A_644M53125),//QSFP-A
iPLL_OUT1_FREQ_SEL('SI5340A_644M53125),//QSFP-B
iPLL_OUT2_FREQ_SEL('SI5340A_644M53125),//QSFP-C
iPLL_OUT3_FREQ_SEL('SI5340A_644M53125),//QSFP-D
12C_CLK(SI5340A_12C_SCL),
12C_DATA(SI5340A_I12C_SDA),

.OPLL_REG_CONFIG_DONE(si5340a_config_done)

assign SI5340A_OE_n = 1'b0;

assign SI5340A_RST_n = CPU_RESET_n;

Il

/I Configure SI15340B

Il
‘define REFCLK_QDR275 4'h0
‘define REFCLK_QDR250 4'h1

‘define REFCLK_QDR225 4'h2
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wire si5340b_controller_start;

wire si5340b_config_done;

assign si5340b_controller_start = ~BUTTONIO];

si5340b_controller si5340b_controller(
ACLK(CLK_50_B2F),
iRST_n(CPU_RESET _n),
.iStart(si5340b_controller_start),
iPLL_OUT_FREQ_SEL('REFCLK_QDR275),
12C_CLK(SI5340B_I2C_SCL),
12C_DATA(SI5340B_I2C_SDA),

.OPLL_REG_CONFIG_DONE(si5340b_config_done)

assign SI15340B_OE_n = 1'b0;

assign SI5340B_RST_n = CPU_RESET_n;

If the output frequency doesn’t need to be modified, users can just add their own User
Logic and compile it, and then, Si5340 can output desired frequencies. At the same time,
System Builder will set Clock constrain according user’s preset frequency in a SDC file
(as shown in Figure 5-4).

# This .sdc file is created by Terasic Tool.
# Users are recommended to modify this file to match users logic.

create_clock -period "100.000000 MHz" [get_ports CLKUSR_100]
create_clock -period "100.000000 MHz" [get_ports CLK_100_g3D]
create_clock -period "50.000000 MHZ" [get_ports CLK_50_E21]
create_clock -period "50.000000 MHz" [get_ports CLK_S50_B2L]
create_clock -period "50.000000 MHzZ" [get_ports CLK_50_E3D]
create_clock -period "50.000000 MHz" [get_ports CLK_S50_B3F]
create_clock -period "50.000000 MHz" [get_ports CLK_50_E3H]
create_clock -period "275.000000 MHz" [get_ports QDRIIA_REFCLK_p]
create_clock -period "275.000000 MHz" [get_ports QDRIIB_REFCLK_p]
create_clock -period "275.000000 MHz" [get_ports QDRIIC_REFCLK_p]
create_clock -period "275.000000 MHz" [get_ports QDRIID_REFCLEK_p]
create_clock -period "275.000000 MHz" [get_ports QDRIIE_REFCLK_p]
create_clock -period "275.000000 MHz" [get_ports QDRIIF_REFCLK_p]
create_clock -period "644,531250 MHz" [get_ports QSFPA_REFCLK_p
create_clock -period "644.531250 MHz" [get_ports QSFPB_REFCLE_p]
create_clock -period "644.531250 MHz" [get_ports Q5FPC_REFCLE_p]
create_clock -period "644.531250 MHz" [get_ports QS5FPD_REFCLK_p]

Figure 5-4 SDC file created by System Builder
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Using Si5340 control IP
Table 5-2 lists the instruction ports of Si5340 Controller IP.

Table 5-2 Si5340 Controller Instruction Ports

Port ‘ Direction ‘ Description
iCLK input System Clock (50Mhz)
_ _ Synchronous Reset (0: Module
iRST_n input
Reset, 1: Normal)
_ _ Start to Configure ( positive edge
iStart input )
trigger)
. . Setting Si5340 Output Channel
iPLL_OUTX_FREQ_SEL input

Frequency Value

Si5340 Configuration status ( O:
oPLL REG_CONFIG_DONE output Configuration in Progress, 1:
Configuration Complete)
12C_DATA inout I12C Serial Data to/fromSi5340
12C_CLK output I12C Serial Clock to Si5340

As shown in Table 5-3 and Table 5-4, both two Si5340 control IPs have preset several
output frequency parameters, if users want to change frequency, users can fill in the
input port " iPLL_OUTX_ FREQ_SEL" with a desired frequency value and recompile the
project. For example, in Si5340A control IP, change

JAPLL _OUT1_FREQ_SEL('SI5340A 125M),
to
APLL _OUT1_FREQ_SEL('SI5340A 156M25),

Recompile project, the Si5340A OUT2 channel (for QSFP-C ) output frequency will
change from 125Mhz to 156.25Mhz.

Table 5-3 Si5340A Controller Frequency Setting
iPLL_OUTX_FREQ_SEL
MODE Setting
3'b000 Power Down

3'n001 644.53125
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3'n010 322.26
3'b011 312.25
3'p100 250
3'b101 156.25
3'b110 125
3'b111 100

Table 5-4 Si5340B Controller Frequency Setting
iPLL_OUT_FRE

QDRII
Q_SEL MODE
. Frequency(MHz)
Setting
4'b0000 275
4'b0001 250
4'b0010 225

Users can also dynamically modify the input parameters, and input a positive edge
trigger for “iStart”, then, Si5340 output frequency can be modified.

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

Modify Clock Parameter For Your Own Frequency

If the Si5340 control IP build-in frequencies are not users’ desired, users can refer to
below steps to modify control IP register parameter settings to modify the IP to output a

desired frequency.

1. Firstly, download ClockBuider Pro Software (See Figure 5-5), which is provided
by Silicon Labs. This tool can help users to set the Si5340’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://www.silabs.com/products/clocksoscillators/pages/timing-software-

development-tools.aspx
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) ClockBuilder Pro Wizard - Silicon Labs.

ClockBuilder Pro Wizard

SILICON LABS | We Make Timing Simple

Work With a Design Quick Links

|}, Create New Design Jitter Attenuator Clock Products

Knowledge Base

& Open Design Project File Custom Part Number Lookup

ClockBuilder Go iOS App

m Open Sample Design = a
Applications Documentation

#l: 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
Optimizing Si534x Jitter Performance App Note
Tools SyncE and IEEE 1588 App Note

= Export Configuration 7 :
ClockBuilder Pro Documentation
CBPro Overview
CBPro Knowledge Base

Version 1.7.1
Built on 4/3/2015

Figure 5-5 ClockBuilder Pro Wizard

2. After the installation, select Si5340, and configure the input frequency and output
frequency as shown in Figure 5-6.

ClockBuilder Pro vi71 #. SILICON LABS
Step 5 of 8 - Define Output Frequencies ¥ Configuring Si5340
Qutput Mode Frequency N Divider e

OUTO | Enabled B 54453125 Mtz B el @
OUT1 | Enabled B 322255625 MHz B auwo [
OUT2 | Enabled B [3125MHz B auo [
OUT3 | Enabled B 250 MHz - Y- )
- ouTo
=
g
w oum
e
-}
H
2 out2
2
=
2 ouT3
- 7
@rrequencyplan\.'alid 2 Warnings Pd: 830 mW, Tj: 88 °C <Back |[ Next> |[ Finish |[ Cancel

Figure 5-6 Define Output Clock Frequencies on ClockBuilder Pro Wizard
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3.

After the setting is completed, ClockBuider Pro Wizard generates a Design
Report(text), which contains users setting frequency corresponding register
value (See Figure 5-7).

§i5340-Project - ClockBuilder Pro

ClockBuilder Pro vi7.1 #.
Design Dashboard ¥ [(T) 5i5340 Design Repor

You did not make any changes to your $i5340 desil n Report
T TZS O STIIEU-KEVISION 5] IO UETICE TU COMPTY WITI e
ecifications.
Edit Configuration with Wizard
Design ID & Notes - Host Interface - mmmmmmee
Input Clocks & 7DB - Input Clock Select - Location Setting Name Decimal Value Hex Value
Qutput 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
0x0017[2] LOSREF_INTR_MSK 0 0x0
0x001713] LOL_INTR MSK 0 0x0
0x0017[5] SMB_TMOUT_INTR MSK 0 0x0
0x0018[0:3]  LOSIN_INTR MSK 15 0xF
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
‘0 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
programmed devices based on your configu gigggg %gig} ig:?gig%g g gigggg
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 5-7 Open Design Report on ClockBuilder Pro Wizard

Open Si5340 control IP sub-module “si5340a_i2c_reg_controller.v “ as shown
inFigure5-8, refer Design Report parameter to modify sub-module
corresponding register value (See Figure 5-9).
Entity: Instance

o Artia 10 102X115M3F45255
v BB siszd0 oy

W EF 2i5340a_controller: 2i5340a_controller
abc] clock_divider:clock_divider

u

H® edge_detector edge_detector

EF i2c_bus_controlleri2c_bus_contraller

BB initial confinginitial_confic
W EF zigddla_i2c_reg_controller;sis340a_i2c_reg_c...
_ﬂmu m = ;

Bl =i5340a freq prameter selectorf2
£ 3

Figure 5-8 Sub-Module file "si5340a_i2c_reg_controller.v"
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wire
wire
wire

wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire

wire
wire
wire
wire
wire
T

si5340a_i2c_reg_controller.v

[3:01]

[1:01

[2:0]

[1:01
[1:0]
[3:01]
[2:0]
[2:0]

[1:0]

[2:01

wire

211 reg address value end

Location

Design

Setting Name

Report

Decimal Value

Hex Value

0x000B[0:6]  I2C_ADDR 116 0x74
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
LOSFE_IN_ INIR MSK = 15 0x0017[3] LOL_INTR MSK o 0x0
IN_SEL_REGCTRL = 1 0x0017[5] SME_TMOUT_INTR_MSK 0 0x0
IN SEL & = 3 0x0018[0:3] LOSIN INTR MSK 15 0xF
- - 0x0031001 IN _SEL REGCTRL 1 0x1
OUTALL_DISAELE LOW =1 : bXDU'A'l[J-:'A‘] IN _SEL 3 0x3
OUTO PDN - - 0 OXO0ZZ 11T OF T U0
oUTO OF cri= 1 0x002B[3] SPI_3WIRE 0 0x0
o ez L o S moms o
e , 2c[0:
OULO_FORMRT - 0x002C[4] LOSXAXB_DIS o 0x0
OUTO_SYNC_EN = 2 0x002D[0:1] 1OSO VAL TIME 0 0x0
OUTO_DIS STATE =0 0x002D[2:3] LOS1 VAL TIME o 0x0
OUTO_CMOS_DRV =0
ouUTo_cH = 12
OUTO_RMPL = 3
OUTO_MUX_SEL =0
OUTO_INV =0
OUT1_PDN =0 :
OUT1_OE /= 1
OUT1_RDIV_FORCEZ 1

OUT1_FORMAT
OUT1 SYNC EN

Figure 5-9 Modify Si5340 Control IP Base on Design Report

After modifying and compiling, Si5340 can output new frequencies according to the

users’ setting.

Note :

1. No need to modify all Design Report parameters in

2.

si5340a_i2c_reg_controller.v/si5340b_i2c_reg_controller.v, users can ignore

parameters which have nothing to do with the frequency setting

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

5.3 Nios

S15340/Temperature/Power

control

for

This demonstration shows how to use the Nios Il processor to program two
programmable oscillators (Si5340A and Si5340B) on the FPGA board, how to measure
the power consumption based on the built-in power measure circuit. The demonstration

also includes a function of monitoring system temperature with the on-board

temperature sensor.
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B System Block Diagram

Figure 5-10 shows the system block diagram of this demonstration. The system
requires a 50 MHz clock provided from the board. The four peripherals (including
temperature sensor TMP441, Si5340A/B, and power monitor LTC2945) are all
controlled by Nios Il through the PIO controller, and all of them are programmed through
I12C 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.

—— B )

. PIO
| Controller
50MHz 5

System Interconection Fabric

Figure 5-10 Block diagram of the Nios Il Basic Demonstration

The program provides a menu in nios-terminal, as shown in Figure 5-11 to provide an
interactive interface. With the menu, users can perform the test for the temperatures
sensor, external PLL and power monitor. Note, pressing ‘ENTER’ should be followed
with the choice number.
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EE Altera Mios |l EDS 16.0 [gecd]

Arria 10 Demo Program
[0] Temperature
[1] Power_Monitor

[2] Si5340A
[3] Si5340B
Input your chioce:

Figure 5-11 Menu of Demo Program

In temperature test, the program will display local temperature and remote temperature.
The remote temperature is the FPGA temperature, and the local temperature is the
board temperature where the temperature sensor located.

A power monitor IC (LTC2945) embedded on the board can monitor Arria10 real-time
current and power. This IC can work out current/power value as multiplier and divider
are embedded in it. There is a sense resistor R96 (0.006 Q) for LTC2945 in the circuit,
when power on the TR10a-HL2 board, there will be a voltage drop (named ASENSE
Voltage) on R96. Based on sense resistors, the program of power monitor can calculate
the associated voltage, current and power consumption from the LTC2945 through the
I12C interface. Please note the device 12C address is 0xD4.

In the external PLL 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 Il 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/B programming, Please
note the device 12C address are OxEE. The program can control the Si5340A to
configure the output frequency of QSFPA/B/C/D REFCLK, or control the Si5340B to
configure the output frequency of QDRIIA/B/C/D/E/F REFCLK according to your choice.

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\NIOS BASIC_ DEMO.bat,
NIOS_BASIC_DEMO.sh
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Demonstration Setup and Instructions

® Make sure Quartus Il and Nios Il are installed on your PC.

® Power on the FPGA 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 “NIOS_BASIC_DEMO.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 temperature test, please input key ‘0’ and press ‘Enter’ in the nios-terminal, ,
as shown inFigure 5-12.

® For power monitor test, please input key ‘1’ and press ‘Enter’ in the nios-terminal,
the Nios Il console will display the current values of voltage, current and power as
shown in Figure 5-13.

® For programmable PLL Si5340A test, please input key ‘2’ and press ‘Enter’ in the
nios-terminal first, then select the desired output frequency of QSFPA/B/C/D
REFCLK, as shown in Figure 5-14.

® For programmable PLL Si5340B test, please input key ‘3’ and press ‘Enter’ in the
nios-terminal first, then select the desired output frequency of QDRIIA/B/C/D/E/F
REFCLK, as shown in Figure 5-15.

Bl Altera Mios || EDS 16.0 [geod]

Arria 10 Deme Program
[0] Temperature
[1] Power Monitor
[2] 8i5340A
[3] S5i5340B
Input your chioce:0
Local Temperature:45
Remote Temperature:40
emperature Test:PASS
Arria 10 Demo Program
[0] Temperature
[1] Power Monitor
[2] 8i5340A
[3] 8i5340B
Input your chicce:

Figure 5-12 Temperature Demo
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EH Altera Mios I EDS 16.0 [gecd]

Arria 10 Demo Pregram
[0] Temperature
[1] Power_Monitor
[2] Si5340A
[3] Si5340B
Input your chicce:1
Configuration ok!
==== Power Monitor Test ====
Current =1.767 A

=11.928 V
=20.371W

Power Monitor Test:PASS

Arria 10 Demo Pregram
[0] Temperature
[1] Power_Monitor
[2] Si5340A
[3] Si5340B
Input your chioce:

Figure 5-13 power monitor Demo

Bl Altera Nios |l EDS 16.0 [geed]

Arria 10 Demo Program
[0] Temperature
[1] Power_Monitor

5i5340A Programming
[0] 100.000000 MHz
[1] 125.000000 MHz
[2] 156.250000 MHz
[3] 250.000000 MHz
[4] 312.500000 MHz
[5] 322.265625 MHz
[6] 644.531250 MHz
[7]1 0.000000 MHz
[Other] exit
please select QSFPA REFCLK:O
please select QSFPB_REFCLK:1
please select QSFPC REFCLK:2
please select QSFPD_ REFCLK:3

(QSFPA/100.000000MHz ref clock test PASS (clk1=998, clk2=1996, expected clk2=1996)
(ISFPB/125.000000MHz ref clock test PASS (clk1=998, clk2=2495, expected clk2=2495)
(ASFPC/156.250000MHz ref clock test PASS (clk1=998, clk2=31 19, expected clk2=3118)
(3SFPD/250.000000MHz ref clock test PASS (clk1=998, clk2=4990, expecled clk2=4990)
Si5340A Test:PASS

= = Arria 10 Demo Program

[0] Temperature

[1] Power_ Monitor

[2] Gi5340A

[3] 8i5340B

Figure 5-14 Si5340A Demo
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BN Altera Mios |l EDE 16.0 [geed] —

Arria 10 Demo Program
0] Temperature
1] Power_Moenitor
2] 8i5340A

==== Gi5340B Programming

0] QDRIAMBIC/D/E/F:275.000 MHz

1] GDRIIA/B/C/D/E/F:250.000 MHz

2] QDRIAMBIC/D/E/F:225.000 MHz

Other] exit

please select 5153408_CASE:0

S15430] 815340B_Config_Init success

S515430] 8153408 _Configuration success

QDRIA/275.000MHz ref clock test PASS {clk1=998, clk2=5489, expected
lk2=5489)

QDRIIB/275.000MHz ref clock test PASS {clk1=998, clk2=5489, expected
lk2=5489)

GDRIC/275.000MHz ref clock test PASS (clk1=998, clk2=5489, expected
lk2=5489)

QDRIID/275.000MHz ref clock test PASS (clk1=998, clk2=5489, expected
lk2=5489)

(QDRIIE/275.000MHz ref clock test PASS (clk1=998, clk2=5489, expected
Ik2=5489)

(DRIIF/275.000MHz ref clock test PASS (clk1=998, clk2=5490, expected
Ik2=5489)

5i5340B Test:PASS

Arria 10 Demo Program
0] Temperature
1] Power Monitor

Figure 5-15 Si5340B Demo

5.4 Fan Speed Control

This demo helps users quickly understand how to set the MAX6650 chip from the FPGA
to control the fansink. The MAX6650 chip can set or retrieve the RPM of the fansink. It
can also monitor if there is any unexpected error and determine which type of error it is.

The following section will save lots of time for the development of user application.

System Block Diagram

Figure 5-16 shows the system block diagram of this demo. It is necessary to configure
the MAX6650 chip prior upon the initialization of fansink control. The MAX6650 chip
uses standard 12C protocol for communication. The functions 12C_Config and
I2C_Bus_Controller set and monitor the RPM of the fansink, respectively. A pre-scaler
is used as frequency divider for the clock frequency of 12C. Users need to calculate the
frequency based on the equations from the datasheet to control the RPM of the fansink.

There are three equations in the datasheet and this demo uses one of them. For other
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equations, please refer to the datasheet MAX6650-MAX6651.pdf in the system CD.

The Switch[0] controls the RPM in this demo. When the Switch[0] is set to 0, the speed
is around 2000 RPM. The speed would reach about 5000 RPM if the Switch[0] is set to
1. It would take 10 ~ 30 secs as the buffer time for the conversion. If an error is detected,
the LED would lit. Users need to press KEY[1] to reset the LED by turn it off.

. somHz TS
—_—

12C_Config e

{ £ o KEY

Figure 5-16 Block diagram of the fan speed control demonstration

B Alarm Status Register Bit Assignments

When the fan is abnormal, the LED will lit. Users can refer to Table 5-5 and get a better
understanding about the malfunction of the fansink accordingly. The status of BIT 4 ~ 7
can be ignored because BIT 4 is for MAX6651 only and BIT 5 ~ 7 are always low.

POR(DEFAULT)S
BIT NAME FUNCTION
TATE
7(MSB) to 5 -—- 0 Always 0
; GPIO2 . GPIO2 Alarm. Set when GPI102
(MAX6651 only) is low (MAX6651 only)
GPIO1 Alarm. Set when GPIO1
3(LEDI[3]) GPIO1 0 ,
is low
2(LED[2]) TACH 0 Tachometer Overflow Alarm
1(LED[1]) MIN 0 Minimum Output Level Alarm
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O(LED[0]) MAX 0 Maximum Output Level Alarm
Table 5-5 Alarm-Enable Resgister Bit Masks

Design Tools

64-bit Quartus 1l v16.0.2
Demonstration Source Code

Project Directory: Demonstration\Fan
Bit Stream: TR10A_HL_golden_top.sof
Demonstration Batch File

Demo Batch File Folder: \Fan\demo_batch
The demo batch file includes following files:

® Batch File: test_ub2.bat
® FPGA Configure File: TR10A_HL_golden_top.sof

Demonstration Setup

® Make sure Quartus Il is installed on the host PC.

® Connect the TR10a-HL2 and the host PC via USB cable. Install the USB-Blaster II
driver if necessary.

® Power on the FPGA Board.

® Execute the demo batch file “test ub2.bat” under the batch file folder
\Fan\demo_batch.

® When SWO0.1is set to 0, the RPM would slowly be adjusted to ~2000. When SW[0]
is set to 1, the RPM would slowly be adjusted to ~5000.
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Chapter 6

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 six banks of QDRI+ SRAM
® QDRI+ SRAM Test by Nios II: Full test of six banks of QDRI+ SRAM with
Nios Il

Note. 64-Bit Quartus16.0.2 or later is strongly recommended for compiling these
projects.

6.1 QDRI+ 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 six 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.

Function Block Diagram

Figure 6-1 shows the function block diagram of the demonstration. The six QDRII+
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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QDRI+ SRAM (B)

QDRIIB_REFCLK_p ——>

RZQ_QDRIl_B ———  Arria 10 EMIF E
QDRI+ |
SRAM(B) sy

H

QDRII+ SRAM (C)

QDRIIC_REFCLK_p =

RZQ_QDRII_C —— | Arria 10 EMIF
QDRI+
SRAM(C) w- _}m‘

------------------------- BUTTONO
+ - —
QDRIID_REFCLK_p = QDRII+SRAM (D) : Reset

RZQ_QDRII_D ———» = Amia 10 EMIF

ODRII+

«-W-L;«»- ot

QDRI+ SRAM (E)
QDRIIE_REFCLK p ———
RZQ_QDRII_E "‘ Arria 10 EMIF
QDRI+ |

QDRI+ SRAM (F
QDRIIF_REFCLK_p
RZQ_QDRII_F  Arria 10 EMIF

H

SRAM(P) ] !}mm} LED BRACKET1
2 ) B
5

Figure 6-1 Function Block Diagram of the QDRI+ SRAM x4 Demonstration

The QDRIIA/B/C/D/E/F_REFCLK is generated from Si5340B which configured 275MHz
for QDRI+ 550MHz by Clock Config module. QDRIIA/B/C/D/E/F_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
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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 four QDRI+ SRAMs will generate from CPU_RESET_n and four
LEDs will indicate the test results of four QDRII+ SRAMs.

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 11 16.0.2

Demonstration Source Code

Project directory: QDRII_x6_Test_550MHz
Bit stream used: TR10A_HL_golden_top.sof
Demonstration Batch File

Demo Batch File Folder: QDRIIx4_Test\demo_batch

The demo batch files include the followings:

® Batch file for USB-Blaster II: test.bat,

® FPGA configuration file: TR10A_HL_golden_top.sof

® Demonstration Setup

® Make sure Quartus Il is installed on your PC.

® Connect the USB cable to the FPGA board and host PC. Install the USB-Blaster I
driver if necessary.

® Power on the FPGA Board.

® Execute the demo batch file “test ub2.bat” under the batch file folder,
QDRII_x6_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 6-1 lists the matchup for the
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four LEDs.
® Press CPU_RESET_n again to regenerate the test control signals for a repeat test.
Table 6-1 LED Indicators

“Nawe | psscrpton

LEDO QDRI+ SRAM(A) test result
LED1 QDRI+ SRAM(B) test result
LED2 QDRI+ SRAM(C) test result
LED3 QDRI+ SRAM(D) test result

Bracket LEDO = QDRI+ SRAM(E) test result
Bracket LED1 QDRI+ SRAM(F) test result

6.2 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 six 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.

System Block Diagram

Figure 6-2 shows the system block diagram of this demonstration. The QSYS system
requires one 50 MHz and six 550MHz clock source. The six 550MHz clock source is
provided by SI5340B clock generator on the board. Si5340B Config Controller is used
to configure the SI15340B to generate the required clock. The six 550MHz clock are used
as reference clocks for the QDRII+ controllers. There are six QDRI+ Controllers are
used in the demonstrations. Each controller is responsible for one QDRI+ SRAM. Each
QDRII+ 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 PIO
Controller is used to monitor buttons status which is used to trigger starting memory
testing.
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50MHz
—_—
OnChip™S" 3 QDRI+
| “ )
“ |
275MHz x6 r Controller
—_— Y
a I

Figure 6-2 Block diagram of the QDRII+ Demonstration

The system flow is controlled by a Nios Il program. First, the Nios |l 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 1l 16.0.2
® Nios Il Eclipse 16.0.2

Demonstration Source Code

® Quartus Project directory: NIOS_QDRII_x6_550
® Nios Il Eclipse: NIOS_QDRII_x6_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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Demonstration Batch File
Demo Batch File Folder: NIOS_QDRII_x6_550\demo_batch

The demo batch file includes following files:

® Batch File for USB-Blaseter Il test.bat, test.sh
® FPGA Configure File: NIOS_QDRII_x6_550.sof
® Nios Il Program: TEST_QDRII.elf

Demonstration Setup

Please follow below procedures to setup the demonstartons.

Make sure Quartus Il and Nios Il 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 ||
driver if necessary.

® Execute the demo batch file “test.bat” under the folder
“‘NIOS_QDRII_x6_550\demo_batch”.

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

® Press Button3~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
6-3.
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== QDRII+x6 Test?! Size=A:8MB-B:8MB-C:BMB-D:8MB-E:8MB-F:8MB

ress any BUTTON on the board to start test [BUTTONB for continued test]
=> QDRII+x6 Testing, Iteration: 1

QDRII+x6 Calibration Duration:®.251 seconds. status=555h

== QDRII+A Testing...

write. ..

i@ 28:x 38x 48:x 58x 68x 78+ 88x 98x 108

readsverify...

18 28x 38x 48 58: 68:x 78:x 80x 928x 1688:

QDRII+A test:=Pass. 2.779 seconds

== QDRII+B Testing...

write. . .

[18:x 28x 38x 48x 58x 68« 78x 88x 0% 188x

read verify...

18 28x 38x 408x 58x 68+ 78x 88x 28« 188x

GQDRII+B test:-Pass, 2.780 seconds

== QDRII+C Testing...

write...

1@ 20: 38x 468: 50: 6@ 78x 8@x 928:x 188:x

readsverify...

i@ 28:x 38x 48:x 58x 68x 78+ 88x 98x 108

QDRII+C test:Pass. 2.779 seconds

== QDRII+D Testing...

urite. ..

18 28x 38x 482 58x 68« 78x 88« ?8x

read verify...

18:x 28x 38z 482 58x 68« 78x 88x 28x

QDRII+D test:Pass. 2.788 seconds

== QDRII+E Testing...

rite. ..

18 20:x 38 468: 50: 6@ 78: 8Bx 928

read verify...

1@ 20: 38x 468: 50: 6@ 78x 8Bx 98x

QDRII+E test:Pass. 2.779 seconds

== QDRII+F Testing...

urite. ..

18 28x 38x 48x 58: 68:x 78x 88x 28

readsverify...

18 28x 38x 482 58x 68« 78x 88« ?8x

QDRII+F test:Pas=s. 2.788 seconds

Figure 6-3 Progress and Result Information for the QDRI+ Demonstration
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Chapter 7

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.

7.1 PCI Express System Infrastructure

Figure 7-1 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

‘Illlll.lllll

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

v

J TERASIC_PCIE_AVMM.DLL '
b—-‘

h

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

Kernel Mode

altera_pcie_win_driver.sys

Figure 7-1 Infrastructure of PCl Express System

7.2 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:

® PCl Express Driver
® PCI Express Library
® PCIl 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
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communicate with the FPGA. The library provides the following functions:

® 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.

7.3 PCI Express Software Stack

Figure 7-2 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

TERASIC_PCIE_AVMM.DLL

altera_pcie_win_driver.sys — altera_pcie_win_driver.inf

Figure 7-2 PCI Express Software Stack
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Install PCI Express Driver on Windows

The PCle driver is locate in the folder:

CDROM\Demonstrations\PCle_SW_KIT\PCle_Driver

The folder includes the following four files:

® Altera_pcie_win_driver.cat
® Altera_pcie_win_driver.inf
® Altera_pcie_win_driver.sys
® \WdfCoinstaller01011.dll

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

1. Install the TR10a-HL2 on the PCle slot of the host PC

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

3. Execute test.bat in "CDROM\Demonstrations\PCle_Fundamental\demo_batch"
to configure the FPGA
Restart windows operation system

5. 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 7-3. 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
Centrol Panel Home

System and Security
Metwork and Internet

Help

./ Devices and Printers

-;ﬂl’gﬂ Add a device | Addaprinter | Mouse

e Hardware and Sound éDeuice Manager EI-H
File  &ction  Wiew Help
Programs
= == =
User Accounts and Farnily @ $| | D | l!=E'| = L& Lb
Ly 4 é User-PC

Appearance and
Personalization

Clock, Language, and Region

Ease of Access

- M Computer

5 g Disk drives

- By Display adapters

L) DWD/CD-ROM drives
g [DEATAMTAR contrallers
> JTAG cables

-8 Network adapters

a-|[5 Other devices

'&.‘ Device Manager

CDs or other

Manage audic

ower buttons ¢
Bnge when the

screen reseluti

@ PCI Device

> --f? Paorts (COM & Update Driver Software...
b R Processors Disable

s -8y Sound, video .

: Uninstall

o 1Ml Sustern device

Figure 7-3 Screenshot of launching Update Driver Software... dialog
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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 7-4

@ | 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 7-4 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 7-5. Click the Next button.

@ [ Update Driver Software - PCI Device

Browse for driver software on your computer

Search for driver software in this location:
CiNPCIe_Driver| ’| Browyse... ’

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,
Cance' ]

Figure 7-5 Browse for driver software on your computer
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8. When the Windows Security dialog appears, as shown Figure 7-6, 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 7-6 Click Install in the dialog of Windows Security

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

@ [ Update Driver Software - Altera PCI AP Driver

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

‘. Altera PCLAPI Driver
.d &

Close

Figure 7-7 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 Figure7-8.

=4 Device Manager
File Action View Help

= HE HE

4 g User-PC

CE Altera PCT Dewice
¥ Altera PCIAPI Driver

> & Cormputer

| B %S

> g Disk drives

::- A Display adapters

sy DWDFCD-ROM drives

- g IDE ATA/ATAP controllers

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 7-8 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 :
Create a 64-bit C/C++ project.

2. Include "TERASIC_PCIE_AVMM.h" in the C/C++ project.
3. Copy "TERASIC_PCIE_AVMM.DLL" to the folder where the project.exe is located.
4. Dynamically load "TERASIC_PCIE_AVMM.DLL" in C/C++ program. To load the

DLL, please refer to the PCle fundamental example below.
5. 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:
®m PCIE_Open
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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.
Prototype:
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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.

Return Value:

Return TRUE if write data is successful; otherwise FALSE is returned.
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® 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 *pBulffer,
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
Ji
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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.

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.

7.4 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_funcdamental\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 7-9.

Figure 7-9 FPGA board installation on PC
Configure FPGA with PCIE_Fundamental.sof by executing the test.bat.
Install PCle driver if necessary. The driver is located in the folder:
CDROM\Demonstration\PCle_SW_KIT\PCle_Driver
Restart Windows
5. Make sure the Windows has detected the FPGA Board by checking the Windows
Control panel as shown in Figure 7-10.

102



=4 Device Manager

File Action  Miew Help
= BB HE %S

4 = User-PC

CE Alterg PCT Device
5_-:" Oltera PCIAPT Driver

- 7™ Computer

I_u Disk drives

Bl Display adapters

> iy DVD/CD-ROM drives

g IDE ATASATAPRL controllers

o § ITAG cables

5_{" Metwork adapters

- T Parts (COM & LPT)

D Processors

> &y sound, wideo and game controllers
.---_'l-' Spstern devices

b - § Universal Serial Bus controllers

Figure 7-10 Screenshot for PCle Driver
6. Goto windows_app folder, execute PCIE_ FUNDMENTAL.exe. A menu will appear
as shown in Figure 7-11.

B | C\Users\terasic_002\Desktop\TR10a-HL2\PCle_Fundamental\demo_batch\windows_app\PCIE_ FUNDA.. — [} pd
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Figure 7-11 Screenshot of Program Menu
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 7-12. If input O(hex 0x00), all led will
be turn off.

B | C\Users\terasic_002\Desktop\TR10a-HL2\PCle_Fundamental\demo_batch\windows_app\PCIE_FUNDA.. — O s

it
input your selection:g

Figure 7-12 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 7-13.
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B | C\Users\terasic_002\Desktop\TR10a-HL2\PCle_Fundamental\demo_batch\windows_app\PCIE_FUNDA... — [} .

Figure 7-13 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 7-14.
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B | C\Users\terasic_002\Desktop\TR10a-HL2\PCle_Fundamental\demo_batch\windows_app\PCIE_FUNDA.. — ] X

Button
2]: DMA M

ol

ae input your se lection: -

Figure 7-14 Screenshot of DMA Memory Test Result
10. Type 99 followed by an ENTERY key to exit this test program

Development Tools
® Quartus 1l 16.0
® 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 7-15 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 PCI Express Hard IP controller through the Memory-

Mapped Interface.
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FPGA/QSYS

Button

Interconnection Fabric for
Avalon Memory-Mapped Interface

]

PCle Gen3 x8 Edge

Figure 7-15 Hardware block diagram of the PCle reference design

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

Name Description ‘
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.hR"

#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
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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:

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);

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, Localdddr, pRead, nTest3ize):
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7.5 PCle Design - QDRII+

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

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

Demonstration Setup

Install the FPGA board on your PC.

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

Install PCle driver if necessary.

Restart Windows

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

ok~ wNn

6. Goto windows_app folder, execute PCIE_QDR.exe. A menu will appear as shown
in Figure 7-16.
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2]: Link Info
3]: DMA On—Chip Memc
1: DMA QDRII-A ]
: DMA QDRII-B !
: DMA QDRII-C
J: DMA QDRII-D Me
J: DMA QDRII-E Me est
: DMA QDRII-F Memory Tes
]: Quit
e input your selection:

CO=1Ch O
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[
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[
[
[
P

— O
!

Figure 7-16 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 7-17. Gen3 link speed and x8 link width are expected.
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B | C:\Users\terasic_002\Desktop\TR10a-HL2\PCle_QDR\demo_ba.. — O X

1: Button Stat

2]: Link Info

3]/: DMA On—Chip Memor

4]: DMA QDRII-A Me

5/: DMA QDRII-B

6): DMA QDRII-C

J: DMA QDRII-D !

3]/: DMA QDRII-E Memor :
9]: DMA QDRII-F Memory Tes

your selection:2

1k on Status Read
2]: Link Info
3/: DMA On—Chip Me
4]: DMA QDRII-A )
5): DMA QDRII-B )
6]: DMA QDRII-C )
J: DMA QDRII-D !
8]: DMA QDRII-E )
9/: DMA QDRII-F Me
1: Quit

Figure 7-17 Screenshot of Link Info

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 7-18.
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B | C:\Users\terasic_002\Desktop\TR10a-HL2\PCle QDR\demo_ba.. = — O X

: Button Status Read
: Link E
: DMA On—Chip Mem
: DMA QDRII-A Me
: DMA QDRII-B Me
: DMA QDRII-C Me
QDRII-D M
MA QDRII-E Me
1A QDRII-F Me

[
[

~1 ) Ul i LI B

) D0

| U s e s o v e [ |
)

Size = 0x80000 Bytes..

Size = 0x80000 bytes pass

L 3 nt 1:::; )
MA On—Chip Mem
A QDRII-A

MA QDRII-C Me
MA QDRII-D Me
MA QDRII-E Me
A QDRII-
Quit
ae input your se

Figure 7-18 Screenshot of On-Chip Memory DMA Test Result
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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 7-19.

B | C:\Users\terasic_002\Desktop\TR10a-HL2\PCle_QDR\demo_ba.. — O] X

Link Info

DMA On—Chip Me
DMA QDRII-A )
DMA QDRII-B Memc
DMA QDRII-C Me
DMA QDRII-D !
DMA QDRII-E )
DMA QDRII-F Me

: Quit

MA On—Chip Memo
A QDRII-A Memo

MA QDRII-B ¥

MA QDRII-C

MA QDRII-D Memc

MA QDRII-E Memo
A QDRII-F Me

Quit

Figure 7-19 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 7-20.
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B | C:\Users\terasic_002\Desktop\TR10a-HL2\PCle_QDR\demo_ba.. — O] X

: Link Info
DMA On—Chip
DMA QDRII-A
DMA QDRII-B
DMA QDRII-C
DMA QDRII-D Memc
DMA QDRII-E Memc
DMA QDRII-F Memc
Quit

01000000, Size = 0xB800000 Bytes

: Link Info
DMA On—Chip Memory T
DMA QDRII-A !
: DMA QDRII-B
: DMA QDRII-C )
: DMA QDRII-D !
DMA QDRII-E !
DMA QDRII-F Me
Quit
ae input vour selection:g

Figure 7-20 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 7-21.
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B | C\Users\terasic_002\Desktop\TR10a-HL2\PCle QDR\demo _ba.. — O X

: Link Info

: DMA On—Chip Memo
[: DMA QDRII-A Me

: DMA QDRII-B !

: DMA QDRII-C !

: DMA QDRII-D !
311 DMA QDRII-E Memc

QDRII-F Memc

on: 6
0x102000000, Size = 0x800000 Bytes

2000000, Size = 0x800000 bytes

: Link Info
: DMA On—Chip Me
: DMA QDRII-A ]
: DMA QDRII-B !
: DMA QDRII-C !
: DMA QDRII-D !
31 : DMA QDRII-E Me
: QDRII-F Me

Figure 7-21 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 7-22.
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B | C:\Users\terasic_002\Desktop\TR10a-HL2\PCle_QDR\demo_ba.. — O ped
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Figure 7-22 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 7-23.
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2]: Link Info

3]: DMA On—Chip Mem
: DMA QDRII-A )
: DMA QDRII-B )
: DMA QDRII-C

/]: DMA QDRII-TL

8]: DMA QDRII-

E ]
A QDRII-F |

0104000000, Size = 0x800000 Bytes

Size = 0x800000 bytes pass

I 0 htdfuﬁ Read
: LlnL Info

3]: DMA On—Chip Mem

4]: DMA QDRII-A )

5/: DMA QDRII-B 1

6]: DMA QDRII-C

/] : DHA QDRII-L
: QDRII-

E ]
..HDRII Fl

r selection:
Figure 7-23 Screenshot of QDRII-E Memory DAM Test Result
14. Type 9 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 7-24.
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B! C\Users\terasic_002\Desktop\TR10a-HL2\PCle_QDR\demo_batch\windows_app\PCIE_Q... = — O X

Or
= 0x105000000, Size = 0x800000 Bytes...

00, Size =

]

QDRIT-C
QDRII-D
QDRII-E
QDRII-F

Figure 7-24 Screenshot of QDRII-F Memory DAM Test Result

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

Development Tools
® Quartus 11 16.0
® Visual C++ 2012

Demonstration Source Code Location
® Quartus Project: Demonstrations\PCIE_QDR
® Visual C++ Project: Demonstrations\PCle_SW_KIT\PCIE_QDR

FPGA Application Design

Figure 7-25 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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Figure 7-25 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:

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.

#define DEMO_PCIE_USER_BAR PCIE_BAR4

#define DEMO_PCIE_IO_LED_ADDR 0x4600010

#define DEMO_PCIE_IO_BUTTON_ADDR  @x4000020

#define DEMO_PCIE_ONCHIP_MEM_ADDR  ©x00000000
#define DEMO_PCIE_QDRIIA MEM_ADDR @x100000000
#define DEMO_PCIE _QDRIIB_MEM_ADDR  ©x101000000
#define DEMO_PCIE_QDRIIC_MEM_ADDR  ©x102000000
#define DEMO_PCIE_QDRIID MEM_ADDR  0x103000000
#define DEMO_PCIE_QDRIIE_MEM_ADDR  ©x104000000
#define DEMO_PCIE_QDRIIF_MEM_ADDR  @x105000000

#define ONCHIP MEM_TEST SIZE (512%1024) //512KB
#define QDRIIA MEM_TEST SIZE (8*1824%1024) //8MB
#define QDRIIB_MEM_TEST SIZE (8*1024*1024) //8MB
#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
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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);

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, Localdddr, pRead, nTest3ize):

The pcie link information is implemented by PCIE_ConfigRead32 API, as shown below:
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Jf read config - link status
if (PCIE ConfigRead32 (hPCIe, Ox30,
switch( (Data32 >> 1&) & O0x0F){

case _1&

zData32)){

printf ("Current Link Speed is=

break:;

case 2:
printf ("Current
break;

case 3!

break:;
default:

printf ("Current Link

break;
}
switch( (Data32 >> 20) & Ox3F){
case 1:
printf ("Hegotiated
break;
case 2!
printf ("Hegotiated
break:
case 4:
printf ("Hegotiated
break;
case B:
printf ("Hegotiated
break;
case 1l6:
printf ("Hegotiated
break;
default:
printf ("Hegotiated
break;
¥
tel=sed
bPass = false;
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Width 1
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Width 1
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xlehrhn"

Unknown®
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7.6 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.

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.sof
® Download Batch file: test.bat
® Windows Application Software folder : windows_app, includes
< PCIE_FUNDAMENTAL.exe
< TERASIC_PCIE_AVMM.dII

Demonstration Setup
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 PCIE_Fundamental.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 7-26.
7. Goto windows_app folder, execute PCIE_FUNDMENTAL.exe. A menu will appear
as shown in Figure 7-27.
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% Device Manager - O X
File  Action View Help
e HIHEIE

w M lab1e s

~ [ Altera PC| Device
@ Altera PC| AP| Driver
[P Altera PCI AP| 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

= Sustem devices

Figure 7-26 Screenshot of two FPGA PCle devices are detected

B DNjim\TR10a_HL2\PCle_Fundamental_x2\windows_app\PCIE_FUNDAMEMNTAL exe — O >

Figure 7-27 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 7-28. If input O(hex
0x00), all User LED will be turn off.
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B DNjim\TR10a_HL2\PCle_Fundamental_x2\windows_app\PCIE_FUNDAMEMNTAL exe — O >

— Te Cle [

Figure 7-28 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 7-29 .

B DNjim\TR10a_HL2\PCle_Fundamental_x2\windows_app\PCIE_FUNDAMEMNTAL exe — O >

.1_1 tTton
]::I H ll:ll
L

Figure 7-29 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 7-30.
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put Four ze

Figure 7-30 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 7-31. If input O(hex
0x00), all Bracket LED will be turn off.

Figure 7-31 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 7-32.
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B DNjim\TR10a_HL2\PCle_Fundamental_x2\windows_app\PCIE_FUNDAMEMNTAL exe — O >
9]: Quit

Figure 7-32 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 7-33.

B T e—r—

[0
[1
[2
(2
[ h
[
[
I3
[

Figure 7-33 Screenshot of PCle0 DMA Memory Test Result
14. Type 99 followed by an ENTERY key to exit this test program

B Development Tools
® Quartus Il 16.1.2
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® Visual C++ 2012

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 7-34 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

PCle Gen3 x16 Edge

Figure 7-34 Hardware block diagram of the Dual PCle reference design

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
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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 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 PCIl 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 FPGA s 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:
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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, Locsallddr, pRead, nTest3ize]:
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Chapter 8

Transceiver Verification

his chapter describes how to verify the FPGA transceivers for the QSFP+ by
using the test code provided in the TR10a-HL2 system CD.

8.1 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.

8.2 Loopback Fixture

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

® QSFP+ Cable, as shown in Figure 8-1

® QSFP+ Loopback fixture, as shown in Figure 8-2
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Figure 8-1 Optical QSFP+ Cable

Figure 8-2 QSFP+ Loopback Fixture

Figure 8-3 shows the FPGA board with two QSFP+ cable installed. Figure 8-4 shows
the FPGA board with four QSFP+ loopback fixtures installed.

Figure 8-3 Two QSFP+ Cables Installed
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Figure 8-4 Four QSFP+ Loopback Fixtures Installed

8.3 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 w DN

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 8-5.

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 8-6.
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B Altera Nios Il EDS 16.1 [geed] — O X

JTAG UART on cable

button or

Figure 8-5 QSFP+ Transceiver Loopback Test in Progress

[E¥ Altera Nios Il EDS 16.1 [gecd] — O X
P 3-\*! : P X C

oYY ddouddiditoddid o

Figure 8-6 QSFP Transceiver Loopback Done
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Additional Information

Getting Help

Here are the addresses where you can get help if you encounter problems:

Terasic Technologies

9F., No.176, Sec.2, Gongdao 5th Rd,
East Dist, HsinChu City, Taiwan, 30070
Email: support@terasic.com

Web: www.terasic.com

TE10a-HL Web: tr10a-hl2.terasic.com

Revision History

Date Version ‘ Changes
2018.05 First publication
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Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Terasic:
P0O578



https://www.mouser.com/terasic-technologies
https://www.mouser.com/access/?pn=P0578
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