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Chapter - 1: PCle Accelerator-6D Kit Overview
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Figure 1: Achronix PCle Accelerator-6D Board

PCle Accelerator-6D Kit Contents

The Achronix PCle Accelerator-6D kit contents are as follows:
® One PCle Accelerator-6D board
® Two micro-USB cable
® PCle Accelerator-6D Quick Start User Guide
¢ Achronix CAD Environment (ACE) license

PCle Accelerator-6D Kit Uses

This PCle Accelerator-6D board is designed to achieve a number of functions:

® Demonstrate the capabilities of the HD1000 FPGA to potential customers that will ultimately build their
own custom hardware.

® Accelerate compute-intensive tasks within a standard PC/server.
® Add Gigabit Ethernet capability to a host (a combination of 10G and 40G ports)

® Provide a debugging platform for internal Achronix use

PCle Accelerator-6D Board Features

The PCle Accelerator-6D board offers the industry’s highest memory bandwidth between the Speedster22i
HD1000 FPGA, which contains 700,000 LUTs, and six independent, dual-slot DDR3 memory interfaces. Each
interface can support single, dual, or quad rank functionality. The DDR3 memory configuration supports up to
192 gigabytes of total memory and can run as fast as 1600 MT/s, which equates to 690 Gbps of total memory
bandwidth.

Speedster FPGAs www.achronix.com 5
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The PCle Accelerator-6D's four QSFP+ modules support either four 40 gigabit Ethernet ports or sixteen 10
Gigabit Ethernet ports using breakout cables giving a total bandwidth of 160 Gbps. The card also supports PCI
Express Gen3 by 8, thus providing 64 Gbps bandwidth.

The Accelerator-6D is the perfect platform for building network and compute acceleration applications such as
line-rate deep packet inspection, encryption and decryption algorithms; image processing, machine learning and
database acceleration.

FPGA

® Achronix 22-nm, AC22iHD1000F53C2

Functional Blocks

1 million equivalent LUTs (700k programmable LUTs + hard IP)
86 Mb of on-chip memory (82 Mb BRAM, 4 Mb LRAM)
756 28 x 28 multiply/accumulate blocks

960 programmable user 1/0

Network and Communications

Hard Ethernet MACs: 100GE, 40GE, 10GE
64 SerDes lanes (1 to 12.75 Gbps)
Hard Interlaken ports, each running up to 11.3 Gbps

System

Hard PCI Express Gen1/2/3 x1, x4, x8
Hard DDR3 controllers: six x72 at 1600 MT/s

Board

PCI Express pluggable form factor

Three SMP connectors to provide differential and single-ended FPGA external clock
Twelve DDR3 SO-DIMM socket

Four 40 GE QSFP module ports

Power supply modules

Power-on reset circuitry

Oscillators/crystals/clock modules and synthesizers

Power and temperature measurement sensors

SPI header for flash memory access

Flash memory for device configuration

LEDs, switches, headers

JTAG header for bitstream programming via Bitporter pod and/or access to FPGA internal registers

www.achronix.com Speedster FPGAs
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® Two micro-USB connectors for bitstream programing via FTDI and to allow access to FPGA internal
registers via ACE demo command and control (DDC) connection

Note

(3] Component numbers mentioned in this guide refer to PCle Accelerator-6D Board component or device
markings. Board schematics can be made available upon signing an NDA with Achronix.

Achronix CAD Environment (ACE) Software

Achronix provides ACE software together with an Achronix-optimized version of Synplify-Pro from Synopsys (a
node-locked or floating version of the license is needed to use the ACE software for development). See PCle
Accelerator-6D Card Development Environment Setup (see page 13) for more details about installation and
use.

[ IP Configuration

)
=)
)

"

Synthesis

. .
. . Bitstream Generation
R A
( Place and Route )—)[ Timing Analysis lT )‘ and Download

Silicon In-system Debugging

@ Achronix ACE Q Synplify-Pro from Synopsys
Supplied by Achronix

Figure 2: ACE Development Environment
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Chapter - 2: General Description

PCle Accelerator-6D Board

The development board has a PCle form-factor having a dimension of Length:310 mm x Width:97.5 mm. It also
has dedicated power connectors.The figure PCle Accelerator-6D Board Details (see page 9) below shows the
PCle Accelerator-6D board with many of the key components annotated.

Single Ended
FPGA External
Clock SMP BOARD_RESET_N
User DIP Connector FPGA JTAG 12V Power
Switch CONFIG_RESET N 120" Supply
- - Connector #0

12V Power
Supply
Connector #1

USB Connector
for FTDI

CONFIG_MODESEL

bpcc
Micro-USB
connector

20160826
REV C

Differential
12C FPGA
Header External Clock

! ES ES EC EC EN EN WN WN WC WC WS Wws
: Slot1 Slot0 Slot1 Slot0 Slot1 Slot0 Slot0 Slot1 Slot0 Slot1 Slot0 Slot1

Connector #0

Figure 3: PCle Accelerator-6D Board Details

User Modes

There are two use modes for this development board, standalone and in-system (plug-in). In both modes, the
user must provide power to the board through the dedicated power connectors using an external power supply
as shown in the figure below.

Standalone Mode

In this mode, the development board is placed on a bench, with control and data signals coming from the

surrounding interfaces, which may include the DIP switches, SMP connectors, 12c header, Maxim temperature
sensor, DCC mcro-USB connector, nicro-USB connector for programming the FPGA over FTDI in JTAG mode,
etc.

Speedster FPGAs www.achronix.com 9
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Figure 4: PCle Accelerator-6D Board Connected in Standalone Mode

In-system (Plug-in) Mode

The PCle Accelerator-6D board is inserted into a PCle Gen3 %8 slot of a PC. In addition to the capabilities
highlighted in the standalone mode, data traffic can be supplied over the PCle interface in this mode, assuming
the PCle interface of the FPGA is configured appropriately. This mode is shown in the figure below:
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Figure 5: PCle Accelerator-6D Board Connected in In-system Mode

Note

@  Power must still be provide to the board via an external power supply rather than the PCle connector
and the dedicated power connectors on the board.

On-Board Memory

The development board has the following memories available for system design.

® Twelve 204-pin DDR3 SO-DIMM connectors to allow for loading of 12 DDR3 SO-DIMMs each of which
has a performance of 12.8 Gbps or 1600 MT/s. This memory serves as the primary off-chip memory for all
applications, supplementing the on-chip BRAM. This memory also demonstrates the embedded DDR3
controller capability.

®* An 512 Mb SPI flash device used to store configuration bitstreams on board.
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On-Board Temperature Sensor

The PCle Accelerator-6D card comes with an on-board Maxim temperature sensor which can be accessed via
the 12C interface to measure the temperature captured by the onchip temperature diode of in the HD1000 FPGA.

Board-Specific Design Issues

The PCle Accelerator-6D board is optimized for networking and compute acceleration applications. As such,
Achronix has configured the SerDes and the 1/0O at specific pins on the HD1000 device. This configuration must
maintain during any changes made to the design hosted in the FGPA. Achronix provides a template for ACE to
avoid inadvertent changes to the configuration. The clocking structure implemented on the board must also be
maintained during any design changes.
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Chapter - 3: Development Environment Setup

Installing Achronix Software (ACE plus Synopsys Synplify Pro)
and Licenses

Achronix provides ACE and Achronix's OEM version of Synopsys Synplify Pro licenses for design. Achronix
Software & License User Guide (UG002) provides detailed information about acquiring and installing ACE and
Synplify Pro licenses and software. A download account is required in order to download the software and
request a license. Below is a quick summary of steps to install the Achronix software and licenses:

1. From https://downloads.achronix.com download the following files, depending on the host setup:

a. Windows node locked/Windows client software

b. Floating (Windows license server)

¢. Linux node locked/Linux client software

d. Windows node locked/Windows client software
Install licenses e-mailed by Achronix on the license server.
Modify the license servers for floating licenses only (cases b, ¢, e, and f)
Run the license servers (not needed for case a, Windows node-locked)

Set the client machine environment variables

S e

Run the software
For more details on Steps 1 through 6 refer to the Achronix Software & License User Guide .

Running ACE

After installation and licensing, run the executable file to start using ACE. For more information about getting
started with ACE, refer to ACE User Guide (UG001).

Setting up the PCle Accelerator-6D Board

Depending on the evaluation requirements, choose either the standalone or the in-system (plug-in) mode of
operation for the board.

Standalone Mode

The board must be connected the host PC and an external power source. The connections are shown in Figure
Standalone Board Connections (see page 14) below.

Speedster FPGAs www.achronix.com
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Figure 6: Standalone Board Connections

Connecting the Host PC
Based on the system requirements, the following are the connections needed to the host PC:
1. Connect the supplied micro-USB cable the to the "USB Connector for FTDI" (see figure: PCle Accelerator-

6D Board Details (see page 9)) for programming the FPGA and/or accessing HD1000's internal
registers via FTDI over JTAG.

2. Connect the second supplied micro-USB cable to the "DCC Micro-USB Connector" (see figure: PCle
Accelerator-6D Board Details (see page 9)) for accessing the HD1000's internal registers via DCC.

3. Connect the extended Gen3 x8 PCle connector to the PCle edge connector on the board (see figure:
PCle Accelerator-6D Board Details (see page 9)).

Connecting the Power Supply

Although the individual components on the board use different voltage levels, each of these is generated on the
board using a single 12V power supply input.

14 www.achronix.com Speedster FPGAs
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In-system Mode

For in-system mode, plug the Accelerator-6D board into an available PCle x8 slot of the host PC. Make sure the
adjacent slot is also vacant to accommodate the clearance requirements for the component side of the board.
Figure In-System Board Connections (see page 15) shows the connections for this mode.

Figure 7: In-System Board Connections

Connecting the Power Supply

Although the individual components on the board use different voltage levels, each of these is generated on the
board using a single 12V power supply input. A spare 12V supply connector from the host PC power supply can
be used.

Speedster FPGAs www.achronix.com 15
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Getting started

Power Sequencing

The power sequencing on the board is pre-configured and is controlled by Linear Technology's LTM2987 power
system manager. After connecting the power supply and the POWER GOOD LED (DS3000) is steady green, the
board is fully powered up and has initialized all the components in the right order.

Initialization

As mentioned above, the power to all devices on the board is controlled by the pre-configured LTM2987 power

system manager which acts as the 12C master initially during power-up. This device then drives and manages the
various other LTM switching regulators which provide power to the various power rails of the HD1000 FPGA.
Once the board is powered-up, a set of LEDs light. Refer to the PCle Accelerator-6D Card Quick Start User
Guide for details on default power-up behavior.

Following power-up the various clock are then brought up. The clocks on the board come pre-configured and
generated by IDT clock device. The various devices on the board can be controlled via the 12C bus by either the
on board HD1000 FPGA or through an external device via the DC1613A 12C programming connector, either of

which can act as the 12C bus master. After power-up and initialization, the HD1000 becomes the default 12C bus
master.

Downloading a Design

Typically, the following steps are needed to download a design to the board and start debugging an application.

1. Configuring the Board for the Appropriate Bitstream Source (see page 16)
2. Connecting the Host PC (see page 14) and Running the application

The following sources are currently supported for the FPGA bitstream on this board:

® Bitstream download via JTAG using the on-board FTDI device its corresponding micro-USB port using the
provided micro-USB cable which connect to the host PC.

® Bitstream download via JTAG using a Bitporter pod which connects to the host PC.

® Bitstream programming using the on-board flash SPI (x1, x4) memory and CPU programming mode (may
be made available in future release).

Configuring the Board for the Appropriate Bitstream Source

The board is pre-configured with switch SW3000 set to "Disable SPI" to accept bitstreams from the JTAG
interface. The following is SW3000 switch configuration for the various programming interface modes:
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Table 1: SW3000 Programming Interface Switch Connections

P1

P2

Function

Off

On

SPI x1

On

Off

SPI x4

Others

Disable SPI

Connecting the Board to the Host PC and Running the Application

When programming via the JTAG interface:

1. Via FTDI — connect the micro-USB cable to the "USB Connector for FTDI" (see figure: PCle Accelerator-
6D Board Details (see page 9)) port on the board and the other end to the USB port of the host PC.

Via Bitporter — connect the Bitporter pod using the ribbon cable to the "JTAG Header" (see figure: PCle
Accelerator-6D Board Details (see page 9)). Connect the USB end of Bitporter pod to USB port of the
host PC.

Power up the board.

3. Run ACE and switch to "Programming and Debug Perspective" or "HW Demo Perspective" to program the
bitstream.

Once the FPGA is programmed and the CONFIG_DONE LED light is green, the configuration has successfully
completed, and the FPGA has transitioned to user mode. At this point, run any application as desired.

For more details refer to the board PCle Accelerator-6D Card Quick Start User Guide and Bitstream

Programming and Debug Interface User Guide.

Speedster FPGAs
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Chapter - 4: Interfaces

There are various interfaces available on the HD1000 FPGA and the Accelerator-6D board. These interfaces are

discussed in more detail in the following sections:

® Networking and Communications Interface (see page 19)

® System Interfaces (see page 22)

® Memory Interface (see page 25)
User Interfaces (see page 26)

Miscellaneous Interfaces (see page 31)
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Networking and Communications Interface

The four QSFP ports provide a primary high-speed networking data interface for the board, enabling the 10G
/140G capabilities of HD1000. For the data path, the four 40G QSFP ports together provide a total duplex
bandwidth of 320 Gb/s bandwidth (160 Gb/s transmit and 160 Gb/s receive). These ports can used to support
any of of the following Ethernet data rates:

1. 1 x 100G (10 x 10G with split-out cables )

2. 4 x 40G (4 QSFP transceiver modules)

3. 16 x 10G (with split-out cables)
The four-port QSFP cage is directly connected to 16 bidirectional 12.5 G SerDes lanes. These are designated in

quads as SerDes CHO [8:11], CH1 [16:19], CH2 [24:27], CH3 [28:31] as shown in the figure above. Table below
shows the pin assignment for the QSFP interface to the HD1000 SerDes pin.

Table 2: Accelerator-6D Rev C QSFP Interface Pins

QSFP Module Pin Name QSFP CH No./HD1000 SerDes No. Pin on HD1000 (U1)
RIGHT_TX1_N B19
RIGHT _TX1_P c19
RIGHT _TX2_N A20
RIGHT _TX2_P B20
RIGHT _TX3_N c21
RIGHT _TX3_P B21
RIGHT TX4 N B22
RIGHT TX4 P CHO A22
RIGHT_RX1_N 8- E19
RIGHT RX1_P F19
RIGHT_RX2_N F20
RIGHT_RX2_P G20
RIGHT RX3 N E21
RIGHT_RX3_P F21
RIGHT_RX4_N F22
RIGHT RX4 P G22

Speedster FPGAs www.achronix.com 19
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QSFP Module Pin Name QSFP CH No./HD1000 SerDes No. Pin on HD1000 (U1)
R_MID_TX1_N Cc27
R_MID_TX1 P B27
R_MID_TX2_N B28
R_MID_TX2_P A28
R_MID_TX3_N C29
R_MID_TX3 P B29
R_MID_TX4_N B30
R_MID_TX4 P CH 1 A30
R_MID_RX1 N 16-19 E27
R_MID_RX1_P F27
R_MID_RX2_N F28
R_MID_RX2_P G28
R_MID_RX3_N E29
R_MID_RX3 P F29
R_MID_RX4 N F30
R_MID_RX4 P G30
L MID_TX1_N C35
L MID_TX1 P B35
L_MID_TX2_N B36
L MID_TX2_P CH 2 A36
L MID_TX3 N 24-21 C37
L_MID_TX3_P B37
L MID_TX4_N B38
L MID_TX4 P A38
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QSFP Module Pin Name QSFP CH No./HD1000 SerDes No. Pin on HD1000 (U1)
L_MID_RX1_N E35
L_MID_RX1_P F35
L MID_RX2 N F36
L_MID_RX2_P CH 2 G36
L MID_RX3_N 24-21 E37
L_MID_RX3 P F37
L_MID_RX4 N F38
L_MID_RX4 P G38
LEFT_TX1_N C39
LEFT_TX1_P B39
LEFT_TX2_N B40
LEFT_TX2_P A40
LEFT_TX3_N C41
LEFT_TX3_P B41
LEFT_TX4 N B42
LEFT_TX4_P cH 3 A42
LEFT_RX1_N 28-31 E39
LEFT_RX1_P F39
LEFT_RX2_N F40
LEFT_RX2_P G40
LEFT_RX3_N E41
LEFT_RX3_P Fa1
LEFT_RX4 N F42
LEFT_RX4_P G42
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System Interfaces

The Accelerator-6D board has the following system interfaces:
® PCI Express (see page 22)
® USB (see page 24)
® JTAG (see page 25)

PCI Express

A PCle connector is available for plugging the card into a host PC where the data is provided over the interface.
The Gen 3, x8 interface supports 2 x64 Gb/s throughput (64 Gb/s receive, 64 Gb/s transmit). The figure above

shows the dedicated PCle pins on the HD1000, designated SerDes Bottom 0 — 7 in the figure. The table below

shows the pins on the HD1000 and their connections to the PCle edge connector.

Note

Power is not supplied to the board via the PCle connector.

Table 3: HD1000 PCle Edge Connector Mapping

Signal Name SerDes No | Pin on HD1000 (U1) Pin on PCle %8 Finger (J2)
PCIEO_PERST_N_LT - P15 A11 via U33
PCIEQ_RXO_P G18 B14
PCIEO_RXO0_N F18 B15
PCIEO_TX0_P ’ A18 A16
PCIEO_TXO0_N B18 A17
PCIEO_RX1_P F17 B19
PCIEO_RX1_N E17 B20
PCIEO_TX1_P 1 B17 A21
PCIEO_TX1_N c17 A22
PCIEO_RX2_P G16 B23
PCIEO_RX2_N F16 B24
PCIEO_TX2_P ’ A16 A25
PCIEO_TX2_N B16 A26
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Signal Name SerDes No | Pin on HD1000 (U1) Pin on PCle %8 Finger (J2)
PCIEO_RX3_P F15 B27
PCIEO_RX3_N E15 B28
PCIEO_TX3_P ’ B15 A29
PCIEO_TX3_N C15 A30
PCIEO_RX4 P G14 B33
PCIEO_RX4 N F14 B34
PCIEO_TX4_P ) A14 A35
PCIEO_TX4_ N B14 A36
PCIEQ_RX5 P F13 B37
PCIEO_RX5_N E13 B38
PCIEO_TX5 P ° B13 A39
PCIEO_TX5_N C13 A40
PCIEQO_RX6_P G12 B41
PCIEO_RX6_N F12 B42
PCIEO_TX6_P ° A12 A43
PCIEO_TX6_N B12 A44
PCIEQ_RX7_P F11 B45
PCIEO_RX7_N E11 B46
PCIEO_TX7_P ' B11 A47
PCIEO_TX7_N C11 A48

M25

M26
SERDES_BOT_REFCLK 0 P |- A13

J25

J26
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Signal Name SerDes No | Pin on HD1000 (U1) Pin on PCle %8 Finger (J2)
N25
N26
SERDES_BOT_REFCLK_0_N |- A14
K25
K26
USB (J7, J8)

There are two USB connectors on the board, J7 and J8.

The USB (J7) port can be used to communicate between the HD1000 FPGA and the host PC vial an an on-
board auxiliary UART FTDI chip (U19), which provides a USB to asynchronous serial data transfer interface. The
user design may use this along with the serial bus (sBus) interface on HD1000 FPGA to enable designers to
communicate with the internal registers in the Ethernet, SerDes, PCle, Interlaken, and DDR3 hard IP. For more
details on the sBus interface, refer to the Speedster22i sBus Interface User Guide. The table below shows the
connection form the USB port to HD1000 FPGA via the auxiliary UART FTDI FT232RL-REEL.

Table 4: Accelerator-6D Rev C USB (J7) Interface Connections HD1000 (U1)

USB Connector (U54) | Auxiliary UART (U19) HD1000 (U1)
Signal Name Pin Signal Name Pin Signal Name Pin
D+ 3 USB_D_P 15 FPGA_UART_TX | AC42
D- 2 USB_D N 16 FPGA_UART_RX [ AC43

The second USB (J8) port is used for programming the bitstream and communicating with HD1000 via a USB to
multipurpose UART FTDI device (U54). FPGA bitstream programming via this FTDI port enable programming for
the HD1000 FPGA using JTAG or SPI interfaces of HD1000. For further detail on programming via FTDI, refer to
Downloading a Design (see page 16).

Alternatively, the user can also use this USB (J8) port to communicate with the internal registers in the Ethernet,
SerDes, PCle, Interlaken, and DDR3 hard IP via FTDI using the HD1000 JTAG interface. The table below shows
the connections from the USB port to FTDI FT2232HQ-REEL (U54).

Table 5: Accelerator-6D Rev C USB (J8) Interface Connections to FTDI FT2232HQ-REEL (U54)

USB Connector (J8) | FTDI FT2232HQ-REEL (U54)

Signal Name Pin | Signal Name Pin
D+ 3 DP 2
D- 2 DM 3
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JTAG (J6)

JTAG interface (J6) provides access to the JTAG interface pins on the HD1000. The header can be seen in
figure: PCle Accelerator-6D Board Details (see page 9). You can use this information for further debug,
development or application actions.This JTAG header also serves as an alternate bitstream programming
interface for HD1000 using a Bitporter pod (the Bitporter pod is not provided as a part of the Accelerator-6D kit).
For more details, refer to the Bitstream Programming and Debug Interface User Guide.

The signal pins for the 14-pin JTAG header are listed in table below.

Table 6: Accelerator-6D Rev CJTAG Header (J6) Pins

JTAG Header (J6) Connection
Signal Pin | Through | Signal Name HD1000 (U33) Pin
JTAG_TRST_N | 1 FPGA_JTAG_TRST_N | L16
JTAG_TMS 7 FPGA_JTAG_TMS J19
u48
JTAG_TCK 9 FPGA_JTAG_TCK J13
JTAG_TDI 3 FPGA_JTAG_TDI K17
JTAG_TDO 5 N/A FPGA_JTAG_TDO K16

Memory Interface

SO-DIMM Sockets (J10,J11, J12, J13, J14, J15,J16,J17, J18, J19, J20,
J21)

The Accelerator-6D board has twelve standard 204-pin DDR3 x72 bit ECC SO-DIMM sockets (J10 through J21),
with two per each of the six available DDRS3 hard IP controllers on the HD1000 FPGA. These SODIMM sockets
can be used to load 12 DDR3 ECC SODIMMs of up to 16 GB each to give a total of 192 gigabytes of on board
memory. With the maximum supported bandwidth of 1600MT/s per 16 GB SODIMM, the 12 DIMMs operating in
full capacity can provide up to 690 Gbps of total memory bandwidth.

The figure below shows the HD1000 DDRS3 controller to SODIMM socket mapping for the six controllers (two
slots per DDR3 controller) located on southeast (ES), center east (EC), northeast (EN), southwest (WS), center
west (WC) and northwest (WN) of HD1000 FPGA. The HD1000 drives the memory signals using dedicated
GPIO. Achronix provides an ACE template to correctly allocate these 1/O pins. For the complete list of DDR3
signal mappings to HD1000 FPGA pin, refer to Speedster22i HD1000 Pin Table available in the documents
section of the Achronix website.

Note
The kit does not ship with the above reference SODIMMs.
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Figure 9: Accelerator-6D Rev C SODIMM sockets

The following memory configurations are supported:
® Single rank - single slot
® Dual rank - single slot
® Dual rank - dual slot

User Interfaces

The following interfaces can be used to configure and drive the board, connect cables, review status of the
board, and perform other functions related to development work.

® FTDI CLI (see page 27)

® Bitporter CLI (see page 27)

®* ACE GUI (see page 27)

® SMP Connectors (see page 29)
® LEDs (see page 30)

® Switches (see page 31)
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FTDI CLI

The PCle Accelerator-6D's on-board FTDI solution allows for programming and debug of HD1000 FPGA using a
command-line interface via a micro-USB connector (J8). The FTDI FT2232H device's multi-protocol synchronous
serial engine (MPSEE) is configured for single-chip USB-to-JTAG communication, thus providing a direct
interface to the host PC via a USB 2.0 (compatible with USB1.0/USB3.0) interface. Execute

acx_stapl _pl ayer. exe from a command-line interface (CLI) window on the development PC to download
and configure the HD1000 directly via USB. For more details on programming the HD1000 FPGA using the
Achronix STAPL Player, refer to the Bitstream Programming and Debug Interface User Guide (UG004) - Chapter
4: Using the Achronix STAPL Player.

Bitporter CLI

As mentioned earlier, the HD1000 FPGA can be programmed via the JTAG interface using a Bitporter pod. If a
Bitporter pod is connected to the JTAG interface (J6) and the SW30000 switch is set to use the JTAG interface
as per the table, SW3000 Programming Interface Switch Connections (see page 17), use the command line
interface to configure, program and debug the HD1000. Execute acx_st apl _pl ayer . exe from a command
line interface (CLI) window on the development PC to download and configure the HD1000. For more details on
programming the HD1000 FPGA using the Achronix STAPL Player, refer to the Bitstream Programming and
Debug Interface User Guide - Chapter 4: Using the Achronix STAPL Player.

Note

@  Care must be taken when powering up the Bitporter pod and the development board. Refer to the
Bitstream Programming and Debug Interface User Guide for more details.

ACE GUI

Besides programming the HD1000 FPGA, the ACE GUI can also be used for communicating with the board. The
following figures show various ACE GUI perspectives for bitstream programming and communication with the
board.

® Figure ACE GUI for Bitstream Programming (see page 28) shows a screenshot of the
acx_stapl _pl ayer. exe file executed from the ACE “Download” View.

® Figure ACE GUI for Register Access via JTAG (see page 28) shows a screenshot of the JTAG Browser
perspective using which the user can access all the hard-IP registers.

® Figure ACE GUI for Real-time Design Debug (see page 29) shows a screenshot of the Snapshot
perspective through which one can evaluate the signals of a user's design in real-time. For more details
please refer to the Snapshot User Guide.

® Figure ACE GUI for Hardware Demo (see page 29) shows a screenshot for Hardware Demo perspective
which is TCL base Ul for control and monitoring of hardware demo and reference designs.

For more details, please refer to the ACE User Guide.
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Select the device and IP Block to interact with. 3Achronix STAPL Player (acx stapl player) -- Version 0.X (Main) -- Build 97514- -- Date 2016-12-61 14:46
Target Device  |AC22iHD1000-F53 2 4 (c) Copyright 2006-2016 Achronix Semiconductor Corp. All rights reserved.
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1P Block 6 contains elements of Jam STAPL Player Version 2.5 (20040526)
Base Address (hex): 51000000 ;Cupymght (€) 1897-2004 Altera Corporation
End Address (hex): 5101FFFF (131072 words) 9Successfully opened auto-detected FTDI JTAG device ACVSXLO.
‘Word (Frame) Size: 8 (bits) 10 Initializing JTAG communication to FCU...

11Number of devices detected on scan chain: 1
12 Instruction Register Length is 23

acx_stapl_player -1.fjtag_browser.log -aREAD_SERDES -cq - nstr eng .
13Verifying expected device is at the expected location...
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23
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25
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36 - lee oo

51018054 00 oo 31READING SERDES at 28389

51018055 ) 00 32 Found Data:

51018056 00 00 33
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51018050 00 00 37 Found Data:
38 00
39 -
49 -
41READING SERDES
42 Found Data:

45
46 READING SERDES
47 Found Data:

51READING SERDES
52 Found Data: c

1 Tcl Console 52 | +% JTAG
ACE -- Achronix CAD Environment -- Version .X (Wain) -- Build 97514- -- Date 2016-12-01 14:46

(c) Copyright 2006-2016 Achronix Semiconductor Corp. All rights reserved.

-- all messages logged in file /home/labadmin/.achronix/ace 2617 01 24 26 16 54.log, created at 20:10:54 on 01/24/2017

[ S

i Writable Insert 1:1 ] rmMnfszﬁ |

Figure 11: ACE GUI for Register Access via JTAG
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Pre-Store [0% v] Project: "C:/Sandbox/ACE_Projects/Snapshot_Design/src/ace/proj_1_ddr3 2133/proj 1_ddr3_2133.acxprj" is Locked
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Figure 12: ACE GUI for Real-time Design Debug

File Edit Actions Window Help
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1~ all messages logged in file ./bitstream.log, created at 16:62:39 on 12/16/2016

~ Demo Selection and Download
Select the demonstration design and download it to the chip.

3Achrmux STAPL Player (acx stapl player) -- Version 0.X (Main) -- Build 97514- -- Date
4(c) Copyright 2006-2016 Achronix Semiconductor Corp. ALl rights reserved.

Target Device: |74

Demo Design: [P

acuntams elements of Jam STAPL Player Version 2.5 (20040526)

pac_board_top.ip_filterjam Created: 2016/12/12 7Copyright (C) 1997-2004 Altera Corporation
8

9Successfully opened auto-detected FTDI JTAG device ACTYOLO.
10Entering JTAG programming mode. ..
11Nunber of devices detected on scan chain:
12 Instruction Register Length is 23
13Verifying expected device is at the expected location.

~ Demo Control and Status - PAC IP Filter demo

Marketing demonstration of PAC card running an IP filter application. 1

op Demo

|Get FPGA capabilities| Version [1.10 | Build

Num MAC(s)

Num DDR(s) [6 | Dual Slot pce

& T Console [5)
~ Demo Control Set channel 2 to connect to user A
Use this section of controls to initialize the parameters of the demo run Set channel 3 to connect to bist
Configuring MAC 6 to 466
Step 1) (5] Configuring MAC 1 to 466
Step 2) |Backet,count & Number of PC packets | 1000000 Test time (secs) Ip filter demo. Setting other channels not used for IP filtering to BIST mode

*x+ TP Filter demo ready *+*

cnd> ace_demo: : pac_deno;:run_ip filter demo_gui "/dev/ttyUsBe” "time" "1900009" "
Opening DCC connection on Linux 05 port /dev/ttyUsBO at baud rate of 115260..

1P filter demo Running

1P Source File 1P_demo_src_100K pcap 1P Filter Dest Address [192.168.127.9
1P Resuls File 1P_demo_result.pcap P Filter Src Address  [0.0.0.0

“IP_demo_

Step 3)
" © 4 IP filter demo results #+
e o] - N Host PC processed 399996 packets in 5.579 seconds. 252076 matches. 147920 non-matched
This section shows live demo IP status FPGA processed 17625698 packets in 7.218 seconds. 11091344 matches. 6508480 non-matched
cHo cH1 cH2 cH3 DDRO DDR 1 DDR 2 DDR 3 DDR 4 DDR5 PCle

Host PC packet rate  268865.4 packets per second
© (¢] (¢] (¢] © (€] © (¢ (¢] © © FPGA packet rate 9143807.1 packets per second

~ Demo Progress
Live demo progress

*** FPGA Acceleration = 34.0 times faster *++

FPGA Host PC

e+ IP filter demo done *<*

cnd> ace_demo::pac_demo::run ip filter demo gui "/dev/ttyUsBe" "pkt" "1000060" 5" “IP_demo s
Progress Opening DCC connection on Linux 0S port /dev/ttyUsse at baud rate of 115200..

1P filter demo Running

*** Ip filter demo results ***
Packet Totals 20000000 ] 1000000 )

Host PC processed 1000000 packets in 17.358 seconds. 693209 matches. 306791 non-matched
Packets / Sec (2169903 ] (57610 ) FPGA processed 20000600 packets in 9.217 seconds. 13864180 matches. 6135820 non-matched

~ Demo Performance
This section shows post demo performance statistics

Host PC packet rate  57616.3 packets per second
FPGA packet rate 2169903.4 packets per second

CHO CH1 CH2 DDRO DDR 1 DDR 2 DDR 3 DDR 4 DDR5 PCle

=1 rl Rrreeri

Figure 13: ACE GUI for Hardware Demo

*xx FPGA Acceleration = 37.7 times faster =+

*** IP filter demo done ***
cnd>

@ — | D

s
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SMP Connect

ors

There are three SMP connectors on the board that can be used for various clocking functions (see the figure,
PCle Accelerator-6D Board Details) (see page 9). These are connected to the HD1000 as shown in table

below.

Table 7: SMP Connectors Mapping to HD1000 Pins

Signal

Pin on HD1000 (U1)

Connector

SMP

Function

FPGA_EXT_CLKO_P | P17

J3000

FPGA_EXT_CLKO_N

P16

J3001

Differential FPGA external clock

FPGA_EXT_CLK1

AV37

J3002

Single-ended FPGA external clock

LEDs

There are eleven LEDs on the board. Three are dedicated to provide status information while the rest are user-
programmable. The following table lists all the LEDs, their function and connection to HD1000 FPGA.

Table 8: LED Connections

LED Function Net Name Component/Pin
DS3000 | Board Power Good indicator POWR_GOOD_3V3 U3014/F6
DS3001 | Configuration status indicator | FTDI_CONFIG_STATUS | U3014/F5
DS3002 | Configuration done indicator FTDI_CONFIG_DONE U3014/G6
DS3004 FPGA_LEDO U1/AV38
DS3005 FPGA_LED1 U1/AY37
DS3006 FPGA_LED2 U1/AY38
DS3007 FPGA_LED3 u1/BB14

User defined
DS3008 FPGA_LED4 U1/AV14
DS3009 FPGA_LED5 uU1/P18
DS3010 FPGA_LEDG6 u1/P37
DS3011 FPGA_LED7 U1/M38
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Switches

There are two push-button switches (SW1 and SW2) and two DIP switches (SW10 and SW3000) on the board
(see the figure, PCle Accelerator-6D Board Details) (see page 9). The following table lists the switches and
their function:

Table 9: Accelerator-6D Switches

Switch | Type Description
SW1 HD1000 FPGA configuration reset switch which will reset/erase the programmed FPGA
Push | bitstream. Once pressed, the user will have to re-program the FPGA with the desired bitstream.
button
SW2 Board reset switch which allows for a manual reset to be provided to the FPGA via a GPIO.
SW10 User DIP switch available for the user to set the desired functionality for their design.
DIP ) . . .
SW3000 The configuration mode select switch to allow the user to choose between programming the
HD1000 FPGA via JTAG or SPI.

Miscellaneous Interfaces

The PCle Accelerator-6D board has a Linear DC1613A USB to I1°C pod connector interface which is a 12-pin 12C

header (J3) that allows for communication over the 12C bus to all the various devices on the board. With this
interface, the DC1613A pod can control/monitor various voltages, power and current of all the power rails on the
board which are driven by their power controller and switching regulator ICs on-board. In addition, this interface

can also be used to communicate via the 12C bus to various devices such as the QSFP transceivers (U116, J5),
IDT's 8T49N287 clock frequency synthesizer IC (U12) and Maxim's MAX6642 temperature measurement IC

(U31) to measure HD1000 FPGA temperature on the board. For the full device 12Cc map, refer to Appendix B:
Miscellaneous Diagrams and Figures (see page 36) .

Table 10: °C Header (J3) Pin Connections

Pin Net Name

Pin 1 -

Pin 2 SDA_LT

Pin 3 GND

Pin4 |SCL_LT

Pin5 |VCC_3V3_LT

Pin 6 -

Pin 7 -

Speedster FPGAs www.achronix.com 31


http://www.achronix.com

PCle Accelerator-6D Card User Guide (UG074)

Pin Net Name

Pin 8 -

Pin 9 -

Pin 10 | GND

Pin11 |-

Pin12 |-
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Chapter - 5: PCle Accelerator-6D Card Clocking

The Accelerator-6D board has an on-board IDT frequency synthesizer U12 (8T49N287) which provides the
necessary reference clocks to the HD1000 FPGA PLL clock banks on the four corners and the bottom select
SerDes which connect to the four QSFP ports. This frequency synthesizer has been pre-programmed to
generate two sets of clocks:

® Four 100 MHz 1.8V LVCMOS single-ended clocks for the HD1000's four PLL clock banks that are on the
NW, NE, SW and SE corners.These clocks help the on-chip PLL to generate the necessary frequencies
required to implement the system-level functions. For more details on HD1000 clock bank PLLs and
clocking architecture, refer to the Speedster22i Clock and Reset Networks User Guide (UG027).

® Three 156.26 MHz 3.3V LVPECL differential clocks provide the SerDes PMA reference clocks to
HD1000's bottom four groups of four SerDes lanes each (bottom SerDes CHO [8:11], CH1 [16:19], CH2
[24:27], CH3 [28:31). These connect to the four QSFP ports on the board. See figure, PCle Accelerator-
6D Card Interfaces, (see page 18) for details.

The Accelerator-6D board also has three SMP connectors (J3000, J3001, J3002) that allow the user to provide
differential and single-ended FPGA reference clocks via an external clock source. Refer to section SMP
Connectors (see page 29) in PCle Accelerator-6D Card Interfaces (see page 18) for details.

LVCMQOS 1.8V
Single Ended
IDT 8T49N287 A HD1000 FPGA (U1)
Frequency -
A (L:;UZ L1Hz E . NW FPGA PLL CLK
0 i NE FPGA PLL CLK
P I I
100 MHz — SW FPGA PLL CLK
N <7 SE FPGA PLL CLK
P P
156.25 MHz .
2 [
156.25 MHz - serDes Lanes
N T [8-11] [16-19] [26-27] [28-31]
P
156.25 MHz l\_r]
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Figure 14: PCle Accelerator-6D Rev C Board Clocking
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Appendix: Board Power Supplies

J17)

Power Regulator Vv \}
Component (Component Number) Power Rail (Component - cLr
Number) (V) V)
VCC_1V0_1 LTM4677 (U52) 12 1
VCC_1V0_2 (a) LTM4677 (U53) 12 1
VCC_1V0_2 (b) LTM4677 (U58) 12 1
VCC_1V5_2 (DDR_VDD) |LTM4677 (U51) 12 15
VCC_1V5_1 (DDR_VDD) |LTM4677 (U50) 12 1.5
VCC_3V3 LTM4633 (U34) 5 33
HD1000 FPGA (U1) VCC_1V8 LTM4633 (U34) 5 1.8
VCCOV95 LTM4633 (U34) 5 0.95
VCC_1V0_3
(VDDA NOM_E) LT3083 (U3002) 15 1
VCC_1V0_4
(VDDA NOM_W) LT3083 (U3003) 1.5 1
VCC_1V7 LT3022 (U91) 3.3 1.7
FPGA_VREF LT3020 U92) 1 0.762
(DJ?ZR)?’ SODIMM EC Slot 1 (J13)/ Slot 0 DDR_EC_VREFNTT LTC3617 (U5) 5 0.75
3?53 SODIMMEN Slot 1 (J11)/SIot0 | hpp e VREFVTT LTC3617 (U4)) 5 0.75
8'135)3 SODIMMES Slot 1 (J15)/ Slot 0 DDR_ES_VREFNTT LTC3617 (UB) 5 0.75
8?;")3 SODIMMWC Slot 1 (J18)/Slot 0| php we VREFAVTT | LTC3617 (U2) 5 0.75
DDR3 SODIMM WN Slot 1 (J16)/SIot0 | hnpg \wN VREFVTT | LTC3617 (UT) 5 0.75
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Power Regulator Vv Vv
Component (Component Number) Power Rail (Component e e
Number) (V) V)
82%3 SODIMM WS Slot 1 (J20) / Slot 0 DDR_WS_VREFNTT LTC3617 (U3) 5 0.75
Heatsink Fan Header (J9) Heatsink Fan F-5010HH12B Il 12 NA

Speedster FPGAs

www.achronix.com

35


http://www.achronix.com

PCle Accelerator-6D Card User Guide (UG074)

Appendix: Miscellaneous Diagrams and Figures

DC1613A
12C Prog

Connector
Master

J3

VCC V3 LT vee_3va vee_1ve
LTC4313-3 LTC4313-3
SCL_LT (BE Lese) SCL_3v3 (B el SCL_1v8
SDA T Shifter SDA V3 Shifter SDA 1V
uss us7
»
>
o
(&)
Q
>
«
LTM2987 MAX6642 - HD1000
Power lemp. FPGA
Controller Measure
A-side
veciov—s] U32 ust ut
0xBA/OXBB 0x92/0x93 0X?2/0X2?
> QSFPO_SEL_N NOTE: 6 local [2C buses from
LTM4677 LTCA7408 - i
Switching 12C GPIO > QSFP1_SEL_N FPGA DDR banks to their
Regulator SODIMMs are not shown.
J > QSFP2_SEL_N
vectv—s| Y50 Lo vec 1vs 1, 36a U116 [~ QSFP3_SELN
3 |_oxs2/0x83 | |_oxes/oxe7_[—= IDT_EEPROM_AO
L
H é&"ﬂgﬁi: > VCC_3V3, 10A
[a] LTM4677 QSFP+ |e— QSFPO_SEL_N Regulator
H Switching CHO [ VCC_1v8, 10A
= Regulator
2 Y VCC5V —»=| Us4 — VCC_0V95, 10A
1%}
2 VCC12V—a LI — VCC_1V5_2, 36A 4
@ 0x84/0x85 0xAO/OXA1
I LT3022
> LDO
@ LTM4677 QSFP+ le— QSFP1_SEL_N
o Switching CH1
Regulator
9 VCC_3V3 —» Ll —» VCC_1V7,1A
VCC12V—» Us2 — VCC_1V0_1, 36A J62
0xBA/0XB8B OXAO/OXA1
LT3083
LDO
LTM4677 QSFP+ |«— QSFP2_SEL N
Switching CH2
Regulator
Y ® voo_tvs 1 —w Y3002 | oo 1vo 3 3a
VCC12V—a e — VCC_1V0_2, 36A aD: A
0x8C/0x8D o OXAO/OXA1
& LT3083
> LDO
LTM4677 ) QSFP+ [e— QSFP3_SEL_N
Switching 5] CH3
Regulator
& VCC_1V5_2 —» L — VCC_1V0_4, 3A
VCC12V—» L= — VCC_1V0_2, 36A e
OXBE/OXBF OXAO/OXA1
LT3020
LDO
8T49N287
Frequency
Synth
o VCC_1V5_2 —| us2 = FPGA_VREF, 0.1A
u12
0xD8/0xD9
LTC3617 LTC3617
Switching AT24CS02 Switching
IDT_EEPROM_AO
Regulator | _ rnp g v, s6a EEpROM | O - - Regulator | _ ppg wh_vTT, <6A
VCC5V—»| i = DDR_EN_VREF, £10 mA VCC5V —»- e > DDR_WN_VREF, +10 mA
uis
OXAO/OXA1
LTC3617 LTC3617
Switching FOTI Switching
Regulator |~ DDR_EC_VTT, £6A Regulator | > DDR_WC_VTT, £6A
vocsv—| Y5 L+ DR EC VREF s10mA veesr —= Y2 |+ DDR WC_VREF, +10ma
us4
0x??2/0x??.
LTC3617 LTC3617
Switching Switching
Regulator | _ g £ v, 26A Regulator | _ hng ws vTT, +6A
VCC5V— s —> DDR_ES_VREF, +10 mA veesy —-| e — DDR_WS_VREF, £10 mA

Figure Note

12C Address is 7 bits plus a read/write bit.

Figure 15: Board Device, Power and Pc Map
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Revision History

Version Date Description
1.0 March 20, 2017 ® |nitial Achronix release.
* Added I°C Header (J3) Pin Connections (see page 31) table to the Mis
1.1 March 23, 2017 cellaneous Interfaces (see page 31) section

®* Fixed broken reference links
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