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Chapter 1

Overview

This chapteprovides an overview of thHER5 Development Board andstallation guide

1.1 General Description

The TerasicTR5 Stratix V GX FPGA Development Kit provides thdeal hardware solution for
designs that demand higlhapacity andandwidthinterfae, ultra-low latency communicatiorhigh
pin countand power efficiency With an iPass PCle gen3 connectone TR5 is designed for the
most demanding higkhnd applications, empowered with the Alt@&nm StratixXvV GX, delivering
the best systerievel integration and flexibility in the industry.

The Stratix® V GX FPGA features integrated transceivers that transfer akanmma of 12.5Gbps,

this allows the TR5 to be fully compliant with versioB.0 of the PCI Express standahot relying

on an external PHY will accelerate mainstream development of network applications enabling
customers to deploy designs for a broad rarfgeigh-speed connectivity applicationSor designs

that demand high capacity and high speed for memory and storagéRthdelivers withone
independent bankf DDR3 SO-DIMM RAM, one ZBT SSRAM, and highspeedparallel flash
memory The featureset ofthe TR5 fully supports & high-intensity applications such aASIC
verification data acquisition, and signal processing.

1.2 Key Features

The following hardware is implemented theTR5 board:

A FPGA
Altera Stratix® V GX FPGA
5SGXEA7N2F45C25SGXEABN3F451YY
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FPGA Configuration

On-Board USB Blaster Il or JTAG header FPGAprogramming

Fast passive parallel (FRE6) configuration via MAX I CPLD and flash memory

General user input/output:
4 EDs

4 pushbuttons
4 slide switches

Clock System

50MHz Oscillator

CDCM6208 Programmable PLL

LMK04096B Programmable PLL

SMA connector pairs for differential clock input and output

Memory

DDR3 SODIMM SDRAM
QDRI+ SRAM

FLASH

SD Card

Communication Ports

PCI Express (PCle) x4 iPass connector
Serial ATAhostand deviceorts

PCI ExpresgPCle)x8 edgeconnector
One mini Uart to USB connector

System Monitor and Control
Temperature sensor

Fancontrol

Power monitor

MechanicalSpecification
4 FPGA Mezzanine Card (FMC) Connectors
One 40pin Expansion Header

Power
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12V DC Input

1.3 Block Diagram

Figure 1-1 shows the block diagram of thER5 board. To provide maximum flexibility for the
users, all key components are connected withStratix V GX FPGA device. Thus, users can
configure the FPGA tanplementany system desig

™ ( ‘ UART-TO-
SR TS et A
Power Adaptor |_, JBowec 5> USB Mini-B USB Mini-B
reuit — 20— JTAG x2
L5V
12V DC Jack
ol [ 12v x36 I
0.9v < 4d 3920923330362323332333
e

x172

XCVR x10
FMCA (HPC)
I [ _
A FMCB (LPC)
o X76

XCVR x1

DDR3 SO-DIMM e

SSRAM 1024x16 bits
Flash Memory 60Mx16 bits

FMCC (LPC)

x172
D E—

XCVR x10
[ ———>]

FMCD (HPC)

XCVR x4

SATA Host x1, Device x1
XCVR x2

XCVRX4 ik BCl Express

«FPPX16,

o

Share Data/Addres Bus
Address Bus: 26-bits

" 2 B Bt B o 0 T ture S ' Transciever Link
coemmsve | WSl WA AELE e
Push Button x4 Switch x4

Figure 1-1 Block diagram of the TR5 board

Below is more detailed information regarding the blocksigure 1-1.

Stratix V GX FPGA

. 5SGXEATN2F4&C2
A 62X logic elements (LES)
A 57.16-Mbits embedded memory
A 48 transceivers (12.5Gbps)
A 51218x18 multipliers
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A 256VariableprecisionDSP blocks
A 28 Fractional PLL&ind 4DLLs

5SGXEABN3F45I3YY

A 95X logic elements (LES)
62.96-Mbits embedded memory
48 transceivers (12.5Gbps)
70418 x18 multipliers

352 VariableprecisionDSP blocks
28 Fractional PLLs and 4DLLs

> > > > > >

JTAG Header and FPGA Configuration

On-boardUSB Blaster llor JTAG headefor use with the Quartus Il Programmer
MAXII CPLD EPM2210System Controller and Fast Passive Parallel (FPP) configuration

Memory devices

2MB ZBT SSRAM
Up to 8GB DDR3 SEDIMM SDRAM
256MB FLASH

General user I/O

4 user controllable LEDs
4 usempush buttons
4 userslide switches

5

On-Board Clock

50MHz oscillator
Programming PLL providing clock for FMC transceivers

5
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Programming PLL providing clock for PCle transceiver
Programming PLL providing clocks for DDR3 SDRAM

Two Serial ATA ports

SATA 3.0 standardat 6Gbpssignaling rate

Four FMC Connectors

2 HPC (highpin count) FMC connectors upto 172 x2 Singted I/O

2 LPC (lowpin count) FMC connectors up to 76 x&ingleend I/O

10 Transceiver Channels for HPC and 1 Transceiver Channel for LPC
FMC VITA57.1 Compliant

Adjustable VADJ: 1.2V/1.5V/1.8V/2.5V/3.0V

Donodt support bi directional LVDS due t

LVDS

One 40pin GPIO Expansion Header

36 FPGA /O pins; 4 power and ground lines
I/O standards: 3.3¥YWwith level shift from 2.5V to 3.3V)

External PCI Express x4 iPass Connector

Support for PCle x4 Genl1/2/3
iPass connector with x4 PCI Express slot

Power Source

DC 12V power adapter
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Chapter 2

Board Components

This chapteintroduces all the importamomponent®n theTR5.

2.1 Board Overview

Figure 2-1 is the top and bottom view of thER5 developmenboard. 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 locatiomf the connectors and key components
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Clock
Input/Output UART
SMA Connectors to

Power  Power
DC12v  Switch

Fan
Connector

Altera 20-nm

HPC(High Pin Count) Startix GX FPGA

CDCMe6208

LPC(Low Pin Count)
FMC

DDR3-SODIMM
(Support up to 8GB)

LED x4
Switch x4

MicroSD
Socket

Buttonx4
Mini PCle x4
Connector

Figure 2-1 FPGA Board (Top)
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Clock Generator

Temperature LMK04096B

Sensor

Power Monitor
INA231

Mode Selection
Switch

EPCQ (DNI)

T Battery Holder
MAX Il System 256MB  2MB (DNI)

Controller FLash SSRAM

Figure 2-2 FPGA Board (Bottom)

2.2 Configuration , Status and Setup

A Configure
The FPGA board supports two configuration methods foSthatixV FPGA:

Configurethe FPGA using then-boardUSB-Blasterll .
Flash memoryconfiguration ofthe FPGA using stored images fronetftash memory on
poweFrup.

For programming by ocboard USBBlaster Il, the followingprocedureshow how todownload a
configuration bit stream into tHetratixV GX FPGA:
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Make sure that power is provided to fieGAboard

Connectyour PC to the FPGA board using a midBB cable and make sure the UBRster

Il driver is installed on PC.

LaunchQuartus Il programmer and make sure the UB&ster Il is detected.

In Quartusll Programmer, add the configuration bit stream file (.sof), check the associated
fiProgram/Configur@item, and clickiiStarb to startFPGA programming.

-~

A Status LED

The FPGA Boarddevelopment board includé®ardspecificstatus LEDdo0 indicate board status
Please refer tdable 2-1 for thedescriptionof the LED indicator.

Table 2-1 Status LED

Board Reference |[LED Name Description
D6 12-V Power [lluminates when 12-V power is active.
D1 3.3-V Power [lluminates when 3.3-V power is active.
D21 CONF DONE IIIl_Jmlnates when the FPGA is successfully configured.
- Driven by the MAX || CPLD EPM2210 System Controller.
Illuminates when the MAX II CPLD EPM2210 System
D29 LOAD Controller is actively configuring the FPGA. Driven by

the MAX Il CPLD EPM2210 System Controller with the
Embedded Blaster CPLD.
Illuminates when the MAX Il CPLD EPM2210 System
D23 ERROR Controller fails to configure the FPGA. Driven by the
MAX Il CPLD EPM2210 System Controller.
llluminates when FPGA is configured by the factory
configuration bit stream.
FMC Voltage See Section 2.8 FMC Connectors
Value Indicator

D24 BOOT_PAGE

D12~D20,D33~D35

A Setup Configure ModeControl DIP switch

The Configure ModeControl DIP switch(SW5) is provided tospecify theconfigurationmode of
the FPGA As currently only one mode is supported, please set all posa®shown ir-igure 2-3.
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Figure 2-3 4-Position DIP switch for Configure Mode

A Select Flash Image for Configuration

Thelmage SelecDIP switch(SW4)is provided tospecify theamage for configuratiof the FPGA
Setting SW to high (09 specifies the defaufaictory image to be loadeeetting SWA to low (6L
specifies the TR to load a usedefined image, as shown igure 2-4.
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Figure 2-4 2-position DIP switch for Image Select

A FMC VCCIO Voltage Setting Header

The I/O voltage of all the four FMC connectors is adjustable within 1.2/1.5/1.8/2.5(310M~or
example, ger can adjust the I/O voltage to 2.5V to support LVDS differential I/O sEmel.user
cancontrol the wltage of FMCA~FMCD through JRP3P6, JP7 andP9. As shown iffrigure 2-5,

make short circuit onto JP5 pin and pin8, the status of D12, D13 and D14 will be set as
AON/ OFF/ ONO for r epr e sie2bY. iablg2-2t Thbée 2-B, NEOIA 2-Na@dC | O
Table 2-5 lists the voltage settings of the FMCA~FMCD VCCIO atheir corresponding LED
display status.

(*1)Note: Because FMC connectors aressraonnect to FPGA different banks, if users want to set
individual FMC connector VCCIO to 3.0V, they need to set other three FMC connectors VCCIO to
3.0V too, otherwise the individual FMC connector VCCIO will be not 3.0V and the corresponding
LEDs statuss abnormalFigure 2-6 shows how to adjust the VCCIO: short Pin 9 & Pin 10 of JP5,
JP6, JP7 and JP9

aslC| TR5 User Manual 14 www.terasic.com

WWW. Lerasic.com Aprll 20, 2020




=N (.x.:; - F‘“‘ r EEE & B

sErrr e rnsr B --- F ol
» J ; ’

€215 CZ.io

€235 c237L —.
€236 co3 3"' H
C243 C24
10 .JP5 2. 16

& &'
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Figure 2-6 Set individual FMC connector VCCIO to 3.0V
(Short Pin 9 & Pin 10 of JP5, JP6, JP7 and JP9)
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Table 2-2 FMC A VCCIO Voltage Setting

JP5 Setting

Short Pin1& 2
Short Pin3& 4
Short Pin5 & 6
Short Pin 7 & 8

Short Pin 9 & 10

LED Status
D12 D13 D14
OFF OFF ON
OFF ON OFF
OFF ON ON
ON OFF ON
ON ON OFF

FMC A VCCIO Voltage

1.2v
1.5V
1.8V
2.5V(Default)
3.0V(Must to set other 3

FMC connectors VCCIO to

3.0V)

Table 2-3 FMC B VCCIO Voltage Setting

JP6 Setting

Short Pin1& 2
Short Pin 3& 4
Short Pin5& 6
Short Pin 7& 8

Short Pin 9 & 10

LED Status
D15 D16 D17
OFF OFF ON
OFF ON OFF
OFF ON ON
ON OFF ON
ON ON OFF

FMC B VCCIO Voltage

1.2v
1.5V
1.8V
2.5V(Default)
3.0V(Must to set other 3
FMC connectors VCCIO to
3.0V)

Table 2-4 FMC C VCCIO Voltage Setting

JP7 Setting

Short Pin1& 2
Short Pin 3& 4
Short Pin 5 & 6
Short Pin 7 & 8

Short Pin 9 & 10

LED Status
D18 D19 D20
OFF OFF ON
OFF ON OFF
OFF ON ON
ON OFF ON
ON ON OFF

FMC C VCCIO Voltage

1.2v
1.5V
1.8v
2.5V (Default)
3.0V(Must to set other 3
FMC connectors VCCIO to
3.0V)

Table 2-5 FMC D VCCIO Voltage Setting

TR5 User Manual
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JP9 Setting

Short Pin1& 2
Short Pin3& 4
Short Pin5 & 6
Short Pin 7 & 8

Short Pin 9 & 10

A FMC JTA G Header

LED Status
D33 D34 D35
OFF OFF ON
OFF ON OFF
OFF ON ON
ON OFF ON
ON ON OFF

FMC D VCCIO Voltage

1.2v
1.5V
1.8V
2.5V(Default)
3.0V(Must to set other 3
FMC connectors VCCIO to
3.0V)

The TR5 supports individual JTAG interfaces on each FMC connddia.feature allows users to
extend the JTAG chain tBMC daughter cats The JTAG signals on each FMC connector can be
removed or included irhe active JTAG chain via-Bin header(SeeFigure 2-7). Table 2-6 lists the

setting of the headers and their associated interfaces. Note that if the JTAG interface on FMC
connector is enabled, make sure that the active JTAG chain must be a closed |leopRE Amay

not be detected.
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