fe

]

TRS-L

FPGA Development K

User Manual

www. terasic.com

Copyright © 2003-2014 Terasic Technologies Inc. All Rights Reserved.


http://www.terasic.com/

CONTENTS

I
I Ny B =0t == T 4
R S 2 =N 0T3S 4
T =M e Tod 1 17X T =Y Y, N 6
LA INSTALLATION SETUP. .. ittiitiiteit ittt sttt et aree st sst e et ssa s st eaa s ames st s aaeeta s aaseaa s ba s samasssanssanse b saassbssassnnntasstssnnns 8
CHAPTER 2  BOARD COMPONENTS .........oooeeeeeeeee et teee s e e e st e s e e remmta e e eaa e eaas 13
2. 1 BOARD OVERVIEW ...uituiitniuneetn ettt sesmtasttssasetssaassaasessaeatssssanssasstsssaa st e s eessassas st e tassssssssssnnnssrasetsernns 13
2.2 CONFIGURATION, STATUS AND SETUP .. .ctuiiittieitteieteeet et eeeta e estteeetaee st e tanntaneestaaarstneersnssetsaanessnesesnanseen 14
2. 3 GENERALUSERINPUT/OUTPUT ..ttt tttt ettt ettt e ettt saeeesta s e ssaase e tesest s s s s m—e s s et e s saa st eaasss et sssmmmtassssansessnseesnnsesras 17
2. 4ATEMPERATURESENSOR ANDFAN CONTROL. . cuuiiuuiitniitniitneitnetiees st seasttetasssesassnnssasssssesnessnssensesnsienssessnres 19
P Y O o Lo O [ = o1 ] T 20
Y RS S = = N I ] = 21
B I NS V1= (] = 2 S 22
2 T 1B T R BTN 1V T 25
2 90D RIIF SRAM ..ottt ettt ——— et et e ettt e et tean—eta e aetattaaatatt————aaatrttnaaaaaes 29
200 0 1] d e P 37
Bt 1 O I o d =T =T 38
Bt 1 7 A I 40
CHAPTER 3 SYSTEMBUILDER..............c.ccuuooeeeeeeeeeeee ettt eeeee s e et e e e s e s samm e st e st eanan e 42
BT I 112 01U T T T 42
I €= N = = - I ] =S (] N L Y 43
3.3USINGTRS-LITE SYSTEMBUILDER ... cuuitniittiiteeit et eem e e et e st s et et eeaseamta s et s st s easesesanssssaeneanssansranseseres 44
CHAPTER 4  FLASH PROGRAMMING. ..ottt e e e et e st e et s enemn e e aaaees 50
L Ol I Y =Y () =37 1, - = 50
4. 2 FP GACONFIGUREOPERATION. .. tttutttettettessttesuesrmmseesassenseeaetsasreness aentatentesattastansetntsomeatsnstanstteesesesrerne 51
HERE IS THE PROCEDURE TO ENBLE FPGACONFIGURATIONFROM FLASH: .. .cuuiitiiieitee e iemee et e e e e eaneeenas 51
4. 3FLASH PROGRAMMING WITH USERSDESIGN ...t uitutitiitetttttteseressaessnsssnsesnssensesnsssmnesstnssan et sstseensessrnnsnesans 51
4 A RESTOREFACTORY SETTINGS ..t ituittttittiett ittt trm ettt ee ettt teaa et a aamta s easeea e anssensetn st eestasansetnssansesnssrnrren 53

tcrm TR5-Lite User Manual 2 www.terasic.com
www.terasic.com June 20’ 2018


http://www.terasic.com/

CHAPTERS PROGRAMMABLE OSCILLATOR...........c..coooviiiiiiiieiccii e 55

LT O/ ==V YT 55
OIS LA 0] T Y =TI = =3 = I T 59
5.3SI570AND CDCM PROGRAMMING BY INIOS T ..uuitiiiiiiiiei e eeee s ettt e e st seemta e s s st saa e e aa e s aa s s nesaes 67
CHAPTER 6  MEMORY REFERENCE DESIGN..............c.ccoouiiieieeeieeeeee et e e 72
6.3 DRI SDRAM TEST BYNIOST ettt ettt et e et e et e e e e b e tb e e b seamaa s et s sbasean s et eans 78
CHAPTER 7 TRANSCEIVER VERIFICATION ...........cc.oooaeeeiieeeeeeeee et ree et e e vmnan 82
00 1 =S 0 T 82
A 0] =T =YX Gl D 10 = T 82
2 T I =3 11N 84
ADDITIONAL INFORMATION ...t et et ettt e et ere e e et e e et e e et e s emat e s sab e e st e sabeeeansanenes 86

tcrm TR5-Lite User Manual 3 www.terasic.com
www.terasic.com June 20’ 2018



http://www.terasic.com/

Chapter 1

Overview

This chapteprovides an owwiew of theTR5-Lite Development Board andstallation guide

1.1 General Description

The Terasic TR4.ite Stratix V GX FPGA Development Kit provides the ideal hardware solution
for designs that demand high bandwidth, advanced memory interfacing, and ffaseoy in a
convenient hatheight, halflength formfactor package. Designed for the most demanding-éngh
applications, the TRhite is empowered with the tepf-thelline Altera Stratix V GX, delivering
the best systetlevel integration and flexihtly in the industry.

The Stratix® V GX FPGA features integrated transceivers that transfer at a masfit®15Gbps,
allowing the TR5Lite to be fully compliant with version 3.0 of the PCI Express standard, as well as
allowing an ultra lowlatency, straiht connections to dual external 10G SFP+ modules. Not relying
on an external PHY will accelerate mainstream development of network applications enabling
customers to deploy designs for a broad range of-$pgled connectivity applications. Matched
with two independent banks of DDR3 RAM, four independent banks of QDRII, and flash memory,
the TR5Lite fully delivers in all highkbandwidth applications such as high frequency trading, data
acquisition, network processing, and signal processing.

It is highly recommended that users read fhiR5Lite Getting StartedGuidepdf before using the
TR5-Lite board.

1.2 Key Features

The following hardware isnplementedn theTR5-Lite board:
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1 FPGA
0 Altera Stratix® V GX FPGASSGXEA7N2F45C}

1 FPGAConfiguration
o JTAG headerfor FPGAprogramming
o Fast passive pdtal (FPP«32) configuration via MAX 1l CPLD and flash memory

1 General serinput/output
o 4LEDs
0 2 pushbuttons
0 2-position DIP switch

1 On-BoardClock
0 50MHz Oscillator
o Programnableoscilators Si570and CDCM61004

1 Memory
o DDR3SDRAM
o QDRI+ SRAM
o FLASH

1 Communication Ports

Two SFP+connectors

OneSerial ATA (SATA 1l) hostport

PCI ExpresgPCle)x8 edgeconnector
One RS422 transevigith 1394connector

o O O

1 System Monitoand Control
o Temperature sensor
o Fancontrol

1 Power
o0 PCI Express 6pin power connector, 12V DC Input
o PCI Express edge connector power

tcrm TR5-Lite User Manual 5 www.terasic.com
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1 MechanicalSpecification
o PCI Expres half-heightandhalf-length

1.3 Block Diagram

Figure 1-1 showsthe block diagram of th€R5-Lite board.To provide maximum flexibility for the
uses, all key components are connected with 8teatix V GX FPGA device. Thus, usecan
configure the FPGA tanplementany system desig

4Transcelver Link >

QDRI+ QDRI+ QDRI+ QDRI+
SRAM C SRAM D

SRAM A SRAM B

IX18 IX18 IX18 IX18
DDR3 SDRAM A PRl }
(Two Chips) ¢ > b e 4 JTAG HEADER

DDR3 SDRAM B PRI I] o N x SEP+ x2
(Two Chips) ﬂ = A ® R Connector
Flash Memory  [PREZI Strat’x V PCle Gen3

(Two Chips) x8 Edge

> . X1 SATA

Switch x2
Button x2
LED x8

1394
Connector

Figure 1-1 Block diagram of the TR5-Lite board

Belowis more detailed informatioregardingthe blocks inFigure 1-1.
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Stratix V GX FPGA

5SGXEA7N2F45C2
622000logic elements (LES)
50-Mbits embedded memory
48 transceivers (12.5Gbps)
51218-bit x 18-bit multipliers
256 27bit x 27-bit DSP blocks
2 PCI Expressard IPblocks
840user 1/Os

210 full-duplex LVDS channels
28 phasdockedloops PLLS)

=4 =4 4 A4 A4 -4 -5 -5 -5 -9

JTAG Header and FPGAConfiguration

1 On-boardJTAG headerfor use with the Quartus Il Programmer
1 MAXII CPLD EPM2210 System Controller and Fast Passive Parallel (FPP) configuration

Memory devices

1 32MB QDRI+ SRAM
1 2GB DDR3SDRAM
1 256MB FLASH

General user I/O

9 4 user controllable LEDs
1 2 user push buttons
M 2user DIP switches

tcrm TR5-Lite User Manual 7 www.terasic.com
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On-Board Clock

1 50MHz oscillator
1 ProgrammingPLL providing clock forl0G SFP+ transceiver
1 Programmind’LL providingclock for SATA or 1G SFPransceiver

One Serial ATA ports

1 SATA 3.0 standar®Gbps signaling rate
Two SFP+ports

1 Two SFP+ connector (10 Gbps+)

PCI Express x8 edge connector

1 SupportPCle Genl/2/3
1 Connection established with PC motherboard with x8 or x16 PCI Express slot

Power Source

1 PCI Express pin DC 12V power
1 PCI Express edge connector power

1.4 Installation Setup

The TR5Lite board can be functional standalone or installed bnst PCExternal USBBIlaster is
required to configure the boatisroughthe onrboard JTAG Header.
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Switch Setup

The MSEL[0:4] switches should be in tf@N positio(MSEL[0:4]=000L0), as shown irrigure
1-2.

Figure 1-2 MSEL Default Configuration

SW1 is set to low for loading the default factory FPGA configuration. For more details, please see
Figure 1-3.

Figure 1-3 Factory Default Configuration Setting
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USB-Blaster Setup

An externalUSB-Blaster(or USBBlaster Il)is required to configure the TR5te board.Figure
1-4 shows how comect TerasicUSB-Blasterll to the JTAGheader (J3) othe TR5Lite. Terasic
USB-Blaster Il isrecommendetecause iprovides afaster downloaithg speed thathe traditional
USB-Blaster.Please note the reatige in the flat cable should be coneedo the first pin in JTAG
header.

Figure 1-4 Connect the Terasic USB-Blaster Il to the JTAG header (J3)

Power Setup

The TR5Lite power is provided from both then DC 12V power connector and PCI Express
edgeconnector. In standalosreode only the 6pin DC 12V poweinputis required Figure 1-5
shows thanstallationof connecting PCle 12V DC power source to @hgn PCle poweconnector
on the TR5Lite board
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Figure 1-5 Installation of 12V DC for TR5-Lite through the 6-Pin PCle Power Connector

When TR5Lite is installed on a PC, the@n DC 12 V poweinput also isrequired evenif there
is a poweiprovidedthroughthe PCI Express edge connectas shown iririgure 1-6. The 12V DC
input can come from the PC power supply if it suppontén6PCle power sourc&Vithout the 12V

DC power from the 4pin power connector, the TR5te maybe damagediue toinsufficientpower
from the PCle edge connector whaany FPGA resources are used

;

=
- N

Figure 1-6 TR5-Lite Installed on PC
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Quartus Il Setup

64-bit Quartus 11.1 SP1 or later is@igly recommended. Whaompiling with Stratix V FPGA
with 32-bit Quartus,anout of memoryerror may occudue to the memory limitation @perating
system on the host computer

The Quartusl golden top project for TRhite is available on the TRbite System CD location
Demonstrations/TR5_Lite_Golden_Top The project includes complete @asignmers, so users
candeveloptheir projects based on this golden top project regardless assignmentetails.
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Chapter 2

Board Components

This chapteintroduces althe importantomponent®n the TR5Lite.

2.1 Board Overview

Figure 2-1 and Figure 2-2 is the top and bottom view of th&€R5-Lite developmentioard. It
depicts the layout othe board and indicates the location of the connectors and key components.
Users can refer to this figure for relative locatadrthe connectors and key components

JTAG SATA Altera Stratix V GX
Header Port DDR3 SDRAM 5SGXEA7N2F45C2N QDRI+ SRAM 2 Push-buttons

12V Power

Supply
Connector

SFP* 4 User LEDs
Connector
2-Position
DIP Switch
Display LEDs
1394 Connector.
for RS422
, RS422 CDCM 61004 Flash PCI Express x8 Edge Connector +12V Fan
Transceiver Programming PLL Connector
Figure 2-1 The TR5-Lite Board (Top)
aslC| TR5-Lite User Manual 13 www.terasic.com
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Si570 Programming
PLL DDR3 SDRAM

.....

CPU_RESET_n
Button

MAX_RESET
Botton

QDRI+ SRAM Temperature PCle DIP Factory / 1
Sensor Switch User Load Dip Switch

Figure 2-2 The TR5-Lite Board (Bottom)

2.2 Configuration, Status and Setup

A Configure
The TR5Lite board supportavo configuration method®r the Stratix V FPGA

1 External USBBlaster for configuring the FPGA ugjrthe external USHBIaster.
1 Flash memorgonfiguration othe FPGA using stored images frone flash memory on
powerup.

For programming by USBIlaster, thedJSB-Blastershouldconnect to thed TAG header (J3) on the
TR5-Lite board The following procedure show how todownload a configuration bit stream into
the StratiX¥ GX FPGA:

1 Makesure that power is provided theTR5-Lite board

1 Connectyour PCto theTR5-Lite board using a USBIlaster(or USB-Blaster Il)moduleand
make sure the USBlaster driver$ installedon PC

1 LaunchQuartusll programmer and make sure the UBRister(or USB-Blaster Il)is detected.

1 In Quartusll Programmer, add theonfigurationbit stream file (.sof)check the associated
fiProgram/Configur@item, and clickiStarb to stat FPGA programming.

tgrm TR5-Lite User Manual 14 www.terasic.com
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A StatusLED

The TR5-Lite development board includdsoardspecific status LEDsto indicate board status
Please refer tdable 2-1 for thedescriptionof the LED indicator.

Table 2-1 StatusLED

Board o
LED Name Description
Reference
D12 12-V Power llluminates when 12-V power is active.
D11 3.3-V Power llluminates when 3.3-V power is active.
llluminates when the FPGA is successfully configured.
D1 CONF DONE .
Driven by the MAX Il CPLD EPM2210 System Controller.
llluminates when the MAX Il CPLD EPM2210 System
D2 Loading Controller is actively configuring the FPGA. Driven by the

MAX Il CPLD EPM2210 System Controller with the
Embedded Blaster CPLD.

lluminates when the MAX Il CPLD EPM2210 System
D3 Error Controller fails to configure the FPGA. Driven by the MAX I
CPLD EPM2210 System Controller.

A SetupPCI Express Control DIP switch

The PCI Express Control DIP switcfSW3) is provided to enable or dis&bldifferent
configurations of the PCle Connectoable 2-2 lists the switch controls and description.

Table 2-2 SW3 PCle Control DIP Switch

Board _ o
Signal Name Description Default
Reference
SW3.1 PCIE PRSNT2n x1 On : Enable x1 presence detect off
— - Off: Disable x1 presence detect
SW3.2 PCIE PRSNT2n x4 On : Enable x4 presence detect off
_ B Off: Disable x4 presence detect
SW3.3 PCIE_PRSNT2n_x8 On : Enable x8 presence detect on

Off: Disable x8 presence detect

tcrm TR5-Lite User Manual 15 www.terasic.com
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A Setup Configure ModeControl DIP switch

The Configure ModeControl DIP switch(SW2)is provided tospecify theconfigurationmode of

the FPGA Because currently only one mode is supportézhse set all positi@to OFFas shown
in Figure 2-3.

Figure 2-3 6-Position DIP switch for Configure Mode

A Selecting Default FactoryFPGA Configuration or User-defined
Configuration

Users ca select loading from default factory hardware or «wkfined hardweae through the use of
SW1.The settings for the configuratioase shown inmable 2-3.
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. J

Figure 2-4 Position Dip Switch for FPGA Configuration

Table 2-3 SW1 FPGA Configuration Settings

Board o
Description Default
Reference
SW1 On : User-defined Configgratioh Off
Off: Factory Default Configuration

2.3 General User Input/Output

This section describes the user 1/O interface to the FPGA.

A User DefinedPush-buttons

The TR5-Lite boardincludestwo user definedoushbuttors that allow usersto interact with the
Stratix V GX deviceEach pustbutton provides a high logic levelr a lowlogic level when it is

not pressed or pressed, respectivéhpble 2-4 lists the board references, signal names and their
corresponding Stratix V GX device pin numbers.
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Table 2-4 Push-button Pin Assignments, Schemati&ignal Names, and Functions

Board Schematic o /0 Stratix V GX
. Description .
Reference Signal Name Standard |Pin Number
PB2 BUTTONO High Logic Level when the button isf2.5-V PIN_A35
PB3 BUTTON1 not pressed 2.5-V PIN_A34

A User-Defined DIP Switch

Thereis one2-position DIP switcSW4)on theTR5-Lite boardto provide additional FPGA input
control Each switch is connected directly to a pirthe Stratix V GXFPGA. For 2-position DIP
switch, when awitch is in theON position it provides a low logic level to the FPGAs shown in
Figure 2-5.

Figure 2-5 2-Position DIP switches

Table 2-5 lists the signal names and their corresponding Stratix V GX device pin numbers.

Table 2-5 DIP Switch Pin Assignments, Schematic Signal Names, and Functions

Board Schematic o /0 Stratix IV GX
) Description .
Reference Signal Name Standard Pin Number
SwW4 SLIDE_SWO0 When the switch is in the ON position, a2.5-V PIN_E33
SW4 SLIDE_SW1 logic O is selected. 2.5-V PIN_D33

A UserDefined LEDs

tgrm TR5-Lite User Manual 18 www.terasic.com
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The TR5-Lite board consists of usercontrollable LEDgo allow status and debuggirgignals to

be driven to the LEBfrom the designs loaded into the Stratix V GX deviEach LEDis driven
directly by the Strati¥ GX FPGA. The LED is turned on or off when the associated pins are
driven to a low or high logic levelespectively.A list of the pin names on the FPGA that are
connected to the LEDs is giveniable 2-6.

Table 2-6 User LEDs Pin Assignments, Schematic Signal Names)daFunctions

Schematic .

Board ) o /O Stratix IV GX
Signal Description )

Reference Standard |Pin Number
Name

D3 LEDO Driving a logic 0 on the I/O port turns the LED|2.5-V PIN_C33

D4 LED1 ON. 2.5-V PIN_B32

D5 LED?2 Driving a logic 1 on the I/O port turns the LED|2 5-v PIN_C34

D6 LED3 OFF. 2.5-V PIN_B34

2.4 Temperature Sensor and Fan Control

The TR5-Lite is equipped with a temperature sensbfAX1619, which provides temperature
sensing and oveaemperature alert. These functions are accomplished by connecting the
temperature sensor to the internal temperature sensing diode of the Stratix V GX device. The
temperature status and alarm threshold registers of the temperature sensor can be programmed by ¢
two-wire SMBus, which is connected to the Stratix V GX FPGAadidition, the 7bit POR slave
address for this sensor is set to 00011000b6d.

An optional 3-pin +12V fan located on2Jof the TR5-Lite board is intended to reduce the
temperature of the FPGAJsers can contralhe fan to turn on/off dependingon the measutce
system temperaturdhe FAN is turned on when thBEAN_CTRL pins are driven to a high logic
level.

The pin assignments for the associated interface are listexdbia 2-7.

Table 2-7 Temperature Sensor Pin Assignments, Schematic Signal Names, and Functions

Schematic o Stratix IV GX Pin
) Description I/O Standard
Signal Name Number
Positive pin of temperature diode in
TEMPDIODEp P P 2.5-V PIN_P6

Stratix V

tcrm TR5-Lite User Manual 19 www.terasic.com
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Negative pin of temperature diode in

TEMPDIODER . 2.5-V PIN_EP7
Stratix V -
TEMP_CLK SMBus clock 2.5-V PIN_F35
TEMP_DATAT SMBus data 2.5-V PIN_E35
TEMP_OVERT _n SMBus alert (interrupt) 2.5-V PIN_H35
TEMP_INT_n SMBus alert (interrupt) 2.5-V PIN_G34
FAN_CTRL Fan control 2.5-V PIN_F34

2.5 Clock Circuit

The development board includes &@EVMHz and two pogrammable oscillator&igure 2-6 shows
the default frequencies oftboardall externalclocks going to the Sttix V GX FPGA The figures
also show a off-boardexternal clock from PCI Express Host to the FPGA.

Figure 2-6 Clock circuit of the TR5-Lite

A clock buffer is used to duplicatee 50 MHz oscillator, so each bank of FPGA 1/0O b&ik/7/8
has two clock inputs. The two programming oscillatorslanejitter oscillators which are used to
providespecialand high quality clockignalsfor high-speedransceivers
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