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Chapter 1

Overview

This chapteprovides an overview of tHER5 Development Board andstallation guide

1.1 GeneralDeseription

The TerasicTR5 Stratix V GX FPGA Development Kit provides the ideal hardware solution for
designs that demand higlapacity ad bandwidthinterface, ultra-low latency communicatiorhigh

pin countandpowerefficiency With aniPass PCle gen3 connegttreTRS is designed for the most
demanding higtend applications, empowered with the Alt@&nm StratixXV GX, delivering the
best systemevel integration and flexibility in the industry.

The Stratix® V GX FPGA features integrated transceivers that transfer at a maxahi2.5Gbps,

this allows the TR5 to be fully compliant with versioB3.0 of the PCI Express standaMbt relying

on an external PHY will accelerate mainstream development of network applications enabling
customers to deploy designs for a broad range ofs$pgled connectivity applicationSor designs

that demand high capacity and high speed for memory and stah&gER5 delivers withone
independent bankf DDR3 SO-DIMM RAM, one ZBT SSRAM, and highspeedparallel flash
memory The featureset of theTRS5 fully supports b high-intensity applications such aaSIC
verification data acquisition, and signal procegs

1.2’ Key, Features

The following hardware is implemented theTR5 board:

A FPGA
Altera Stratix® V GX FPGA
5SGXEA7N2F45C25SGXEABN3F4513YY
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FPGAConfiguration

On-Board USB Blaster Il or JTAG header FPGAprogramming

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

General user input/output:
4 LEDs

4 pushbuttons

4 slide switches

Clock System

50MHz Oscillator

CDCM6208 Programmable PLL

LMKO04096B Programmable PLL

SMA connector pairs for differential clock input and output

Memay

DDR3 SGDIMM 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
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A Power
12V DC Input

B

1.3! Block/Diagramam

_Figure 1-1 shows the block diagram of ti&®5 board.To provide maximum flexibility for the users,
all key components are connected with $tiaitix VGX FPGA device. Thus, users can configure the
FPGA toimplementany system desig

et
3av
Power Adaptor ower 1 oy > USB Mini-B USB Mini-8
¢ | Bt — - > JTAG I
L15V
12V DC Jack 12y
0.0v
T
X6
Pl
MlcofSD Socket EMCAHPC)
T [ —b D
= A FMCB (LPC)
: _
XCVR x1
DDR3 SO-DIMM < >
FMCC (LPC)
) - x172
R Em—
Stratix'V
Flash Memory 60Mx16 bits SATA Host x1, Device x1
XCVR x2
XCVR x4

«FPPX16

x4

—>
Share Data/Addres Bus IX2
Address Bus: 26-bits » =3 = ° 11111 o : 7
2 i Temperature Sensor Transciever Link
—>
< 2a Bus—’. ook h‘ h’ b‘ h E B @ LED x4 Fan Control
Push Button x4 Swm:h x4

Figure 1-1 Block diagram of the TR5 board

Below is more detailed information regarding the blocks-igure 1-1.

Stratix V GX FPGA

5SGXEA7N2F&HC2
A 62X logic elements (LES)

A  57.16-Mbits embedded memory
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48 transceivers (12.5Gbps)
51218 x18 multipliers

256 Variable-precisionDSP blocks
28 Fractional PLLs and 4DLLs

> I>» I>» >

5SGXEABN3F45I13YY

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

352 VariableprecisionDSP blocks
28 Fractional PLLsrad 4DLLs

> > > I > D>

JTAG Header and FPGAConfiguration

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

Memaory devices

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

5

5

General useril/O

4 user controllable LEDs
4 user push buttons

5

4 userslide switches

On-Board Clock
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50MHz oscillator

Programming PLL providing clock for FMC transceivers
Programming PLL providing clock for PCle transceiver
Programming PL providing clocks for DDR3 SDRAM

Two Serial ATA ports

SATA 3.0 standarat 6Gbpssignaling rate

Four FMC Connectors

2 HPC (highpin count) FMC connectors up to 172 x2 Sirghal 1/0

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 VITA 57.1 Compliant

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

Dondét support bidirectional LVDS due to Str

One 46pin GP1O Expansion Header

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

External PCI Express x4iiPass 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 chapteitroduces all the importacomponent®n theTR5.

2.1 BoardOverview

Figure 2-1 is the top and bottom view of thER5 developmenboard. It depicts the layout of the
board and indicatethe location of the connectors and key components. Users can refer to this figure
for relative locatiorof the connectors and key components

asicC TR User Manual www.terasic.com
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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

CDCM6208

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 on, Status:= and! Setupp

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

., Configurethe FPGA using then-boardUSB-Blasterll.
., Flash memorgonfiguration othe FP@\ using stored images fromeaflash memory on power
up.

For programming by oboard USBBlaster I, the followingprocedureshow how todownload a
configuration bit stream into tH&tratixV GX FPGA:

11
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Make sure that power is provided to ffleRGAboard

Connectyour PC to the FPGA board using a mlaEB cable and make sure the UBRster |l
driver is installed on PC.

LaunchQuartus Il programmer and make sure the tBdster Il is detected.

In Quartus Il Programmer, add the configuration bit stream flef); check the associated
fiProgram/Configur@item, and clickiStarb to startFPGA programming.

-~

A Status LED

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

Table 2-1 Status LED

Board Reference |LED Name Description
D6 12-V Power Illuminates when 12-V power is active.
D1 3.3-V Power |llluminates when 3.3-V power is active.
Illuminates when the FPGA is successfully configured.
D21 CONF_DONE |Driven by the MAX Il CPLD EPM2210 System
Controller.

Illuminates when the MAX Il CPLD EPM2210 System
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.

Illuminates when FPGA is configured by the factory
configuration bit stream.

FMC Voltage |See Section 2.8 FMC Connectors

D12~D20,D33~D35 .
Value Indicator

D22 LOAD

D24 BOOT_PAGE

A Setup Configure ModeControl DIP switch

TheConfigure ModeControl DIP switch(SW5) is provided tespecify theconfigurationmodeof the
FPGA As currently only one mode is supported, please set all posdagshown inFigure 2-3.

12
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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 taspecify themage for configurationf the FPGA
Setting SW to high (09 specifies the default factory image to be loadetting SWA to low (GL9
specifes the T to load a usedefined image, as shown iRigure 2-4.

13
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Figure 2-4 2-position DIP switch for Image Select

A FMC VCCIO Voltage Setting Header

The I/0O voltage of all the four FMC connectors is adjustable within 1.2/1.5/1.8/2.5F808ample,

user can adjust the 1/0O voltage to 2.5V to support LVDS differential 1/0 sféine.user can
independently control theoltage of FMCA~FMCD througldP5 JP6, JP7 andP9. As shown in

Figure 2-5, make short circuit onto JP5 pihand pin8, the status of D12, D13 and D14 will be set

as NON/ OFF/ ONo f or r e pis@58Velabte2-h abld 2iBerabke MLCaad V CC
Table 2-5 lists the voltagesettings of the FMCA~FMCD VCCIO and their corresponding LED
display status.

14
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Figure 2-5 FMC A VCCIO Voltage Setting to 2.5V

Table 2-2 FMC A VCCIO Voltage Setting

LED Status
JP5 Setting FMC A VCCIO Voltage
D12 D13 D14
Short Pin 1 & 2 OFF OFF ON 1.2v
Short Pin 3& 4 OFF ON OFF 1.5V
Short Pin 5 & 6 OFF ON ON 1.8V
Short Pin 7 & 8 ON OFF ON 2.5V(Default)
Short Pin 9 & 10 ON ON OFF 3.0V

Table 2-3 FMC B VCCIO Voltage Setting

LED Status
JP6 Setting FMC B VCCIO Voltage
D15 D16 D17
Short Pin 1& 2 OFF OFF ON 1.2v
Short Pin 3& 4 OFF ON OFF 1.5V
Short Pin5& 6 OFF ON ON 1.8v
Short Pin 7& 8 ON OFF ON 2.5V(Default)
Short Pin 9 & 10 ON ON OFF 3.0V
15
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Table 2-4 FMC C VCCIO Voltage Setting

LED Status
JP7 Setting FMC C VCCIO Voltage
D18 D19 D20
Short Pin 1 & 2 OFF OFF ON 1.2v
Short Pin 3& 4 OFF ON OFF 1.5V
Short Pin 5 & 6 OFF ON ON 1.8v
Short Pin 7 & 8 ON OFF ON 2.5V(Default)
Short Pin 9 & 10 ON ON OFF 3.0V

Table 2-5 FMC D VCCIO Voltage Setting

LED Status
JP9 Setting FMC D VCCIO Voltage
D33 D34 D35
Short Pin 1 & 2 OFF OFF ON 1.2V
Short Pin 3& 4 OFF ON OFF 1.5V
Short Pin 5& 6 OFF ON ON 1.8V
Short Pin 7 & 8 ON OFF ON 2.5V(Default)
Short Pin 9 & 10 ON ON OFF 3.0V

A  FMC JTA G Header

The TR5 supports individual JTAG interfaces on each FMC conndttisrfeature allows users to

extend the JTAG chain t8MC daughter cats The JTAG signals on each FMC connector can be
removed or included irhe active JTAG chain via-Bin header(SeeFigure 2-6). 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 loop or the FPGA may
not be detected.

16
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Figure 2-6 FMCC JTAG Header

Table 2-6 FMC JTAG Header Setting

Headers Setting Description

JP1 Short Pin 1 & 2 Disable FMCA JTAG
Short Pin 2 & 3 Enable FMCA JTAG
Short Pin1& 2 Disable FMCD JTAG

P2 Short Pin 2 & 3 Enable FMCD JTAG
1P3 Short Pin 1 & 2 Disable FMCB JTAG

Short Pin 2 & 3 Enable FMCB JTAG
P4 Short Pin 1 & 2 Disable FMCC JTAG

Short Pin 2 & 3 Enable FMCC JTAG

2.3' GenerahUserdnput/Qutput: tput

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

A User DefinedPushbuttons

TheFPGAboard include$our user definegoushbuttors that allowusersto interact with theStratix
V GX device.Each pustbutton provides a higlogic level or a low logic level when it is not pressed

17
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or pressed, respectivelylable 2-7 lists the board references, signal names and their corresponding

StratixV GX device pin numbers.

Table 2-7 Push-button Pin Assignments, Schematic Signal Names, and Functions

Board Schematic o I/O Stratix V GX
. Description .
Reference Signal Name Standard [Pin Number
BUTTONO BUTTONO High Logic Level when the buttonis  |1.5-V PIN_BC7
BUTTON1 BUTTON1 not pressed 1.5-V PIN_BD7
BUTTON 2 BUTTON2 1.5-V PIN_BBS8
BUTTON 3 BUTTON3 1.5-V PIN_BB9

A UserDefined SlideSwitch

There ardour slide switches on thEPGAboard to provide additional FPGA input control. When a
slide switch is in th&OWN position or thdJPPERposition, it provdes a low logic levebr a high
logic level to theStratixV GX FPGA The down position provides a low logic level and the upper
position provides a high logic level.

Table 2-8 lists the signal names and their correspon@itigtixVV GX device pin numbers.

Table 2-8 Slide Switch Pin Assignments, Schematic Signal Names, and Functions

Board Schematic L I/O Stratix V GX
) Description .
Reference Signal Name Standard Pin Number
SWO0 SWO0 High logic level when SW in the UPPER |1.5-V PIN_AT9
SW1 SW1 position. 1.5-V PIN_AUS8
SW2 SW2 1.5-V PIN_AK9
SW3 SW3 1.5-V PIN_AL9

A UserDefined LEDs

TheFPGAboard consists diour usercontrollable LEDs to allow status and debugging signals to be
driven to the LEBfrom the designs loaded into tB&ratixV GX device. Each LED is driven directly

by theStratixV GX FPGA. The LEB areturned on or off when the ssciated 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 2-9.

18
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Table 2-9 User LEDs Pin Assighments, Schematic Signal Names, and Functions

Board Schematic o 1/10 Stratix V GX
) Description .
Reference |Signal Name Standard |Pin Number
LEDO LEDO Driving a logic 0 on the I/O port turns the LED [1.5-V PIN_AT32
LED1 LED1 ON. 1.5-v PIN_BA31
LED2 LED?2 Driving a logic 1 on the I/O port turns the LED |1 5-v PIN_AN27
LED3 LED3 OFF. 1.5V PIN_AH27

A UART-To-USB

The UART is designed to perform communication between the board and the PC, allowing a
transmission speed of up®Mbps. Thi s i nterface wouldnodot su
physical interface is done using UARISB onboard bridge from a FT232R chip and connects to

the host using a USB Tyg#& connector. For detailed information on how to use the transcpigase
refer to t he datasheet, whi ch IS avail abl e
Datasheet§T232 folder on the Kit System CBigure 2-7 shows the related schematics, dadle

2-10lists theUART pin assignments, signal names and functions

A

UART_TX UART_TX

u10 — us UART_TX JS
UART_RX Level Shift UART_RX 4 FT232R OS5
-—

Connector

Figure 2-7 Connection between UART-To-USB and Stratix V GX FPGA

Table 2-10 UART-To-USB Pin Assighments, Schematic Signal Names, and Functions

Schematic Stratix V
Board ) o )

Signal Description I/0 Standard GX Pin
Reference

Name Number
UART_TX|UART_TX |Uart TX output from FPGA 1.2/1.5/1.8/2.5/3.0- |PIN_T26
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/AVOTS RYAN,

\Y

UART_RX|UART_RX |Uart RX input to FPGA 1.2/1.5/1.8/2.5/3.0- |PIN_T25
\%

A Micro SD-Card

The development board suppoMsgcro SD card interface using) data linesFigure 2-8 shows the
related signals connections between tBeCard andStratix V GX FPGA. Table 2-11 lists all the
associated pins

SD_CLK

P> 5
N___ SD_CDM > 3
/AVO[S RYA)\ -
i \ SD_DATO > 7 Micrg_SE tCard
i OCKe
(s’tr'a_i'x. 3 SD_DAT1 P 8
GXx SD_DAT2 P 1
SD_DAT3/CD > 2

\4

Figure 2-8 Connection between the SD Card Socket and Stratix V GX FPGA

Table 2-11 Micro SD Card Pin Assignments, Schematic Signal Names, and Functions

Schematic Stratix V
Signal Description I/O Standard GX Pin
Name Number
SD_CLK [Serial Clock 1.5-V PIN_BB39
SD_CMD [Command, Response 1.5-V PIN_BA36
SD_DATO |Serial Data 0 1.5-V PIN_AV37
SD_DAT1 |Serial Data 1 1.5-V PIN_AY37
20
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SD_DAT2 |Serial Data 2 1.5-V PIN_BB36
SD_DAT3 |Serial Data 3 1.5-V PIN_AW37

2.4: Temperature: Sensor , FamControlo! and!Power

Monitor

The FPGA boardis equipped with a temperateirsensqgrMAX1619, which provides temperature
sensing and ovdemperature alert. These functions are accomplished by connecting the temperature
sensor to the internal temperature sensing diode @tilagixV GX device. The temperature status

and alarmftreshold registers of the temperature sensor can be programmed bywae\8d1Bus

which is connected to tiftratixV GX FPGA. In addition, the-Bit POR slave address for this sensor

is set to 60011000b6.

A 3-pin +12V fan located onl2 of the FPGAboad is intended to reduce the temperature of the
FPGA.The board is equipped with a F&peed regulator and monitdAX6650 with an I2GSMBus
interfaces, Usersregulate and motor the speed ofan dependingon the measured system
temperature

TheTR5 hasmplemented a power monitor chip to monitor the board input power voltage and current.
Figure 2-9 shows the connection between the power monitor chip angttagxV GX FPGA. The

power monitor chip motdrs 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 curramgeres and
power in wattsNote that, lhe temperature sensdian control and power monitor share twme
12C/SMBUS.
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FPGA_I2C_SCL

12C_SCL

>»

FPGA_I2C_SDA

12C_SDA

Yy

A A

FAN_ALERT_n

TEMP_INT_n u18

TEMP_INT_n

A A
A A

Level Shift

TEMP_OVERT_n

TEMP_OVERT_n

<

POWER_MONITOT_ALERT

U35
'POWER_MONITOT_ALERT INA230

u40
MAX6650

U1
MAX1619

J12

«—> FAN

Connector

Figure 2-9 Connections between the temperature sensor/fan control/power monitor and the

Stratix V GX FPGA

Table 2-12 Temperature Sensor and Fan Speed Control Pin Assignments, Schematic Signal

Names, and Functions

Schematic o Stratix V GX Pin
. Description I/O Standard

Signal Name Number

Positi i of .
TEMPDIODED ; 05|t|v§ pin of temperature diode i PIN PG

in Stratix V -
TEMPDIODER .Negatlv.e pin of temperature diode i PIN P7

in Stratix V -
FPGA_I2C_SCL SMBus clock 1.5-V PIN_AN11
FPGA_I2C_SDA SMBus data 1.5-V PIN_AP9
TEMP_OVERT_n SMBus alert (interrupt) 1.5-v PIN_AR9
TEMP_INT_n SMBus alert (interrupt) 1.5-V PIN_ATS8
POWER_MONITOR_ALERT|Active-high ALERT input 1.5-V PIN_AY9
FAN_ALERT n Active-low ALERT input 1.5-V PIN_AM11

2.5 ClockiCircuituit

The development board includes one 50 MHz and two programmable clock genérgtoes2-10
shows the default frequenciesarfboardall externalclocks going to th&tratixV GX FPGA
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50M x7 PCLK

N system Controlier [Ekiaii ey
S50MHzosC (MMM COCLVC1310 S >

FMCA/D_ONBOARD_REFCLK_p/n0 x2 Pair_

_ FMCA/BICID_LAHAHB_RXCLK pin
<

FMCA/B/IC/ID
Connector

FMCA/BIC/D_LA/HA/HB_TXCLK_pin

CDCM6208 PCIE_ONBOARD_REFCLK_p/n x1 Pair

25MHz Crystal SRS | \/DS Output
SATA_HOST/DEVICE_REFCLK_p/n x2 Pals

DDR3_REFCLK_pin x1 Pair > B
>

SMA_CLKIN_p

SMA_CLKIN_n

FMCA/D_ONBOARD_REFCLK_p/n1 x2 Pes& 644.5'

LMK040968
25MHz0SC B gl LUDS Output
FMCBIC ONBOARD_REFCLK_pind x2 Paiy, | [ESPIERpr YN

SMA_CLKIN_p

SMA_CLKIN_n

Figure 2-10 Clock circuit of the FPGA Board

A clock buffer is used to duplicatee 50 MHz oscillator, sdahere areseven50MHz clocks fed into
sevendifferentFPGA banksThetwo programmingclock generatorarelow-jitter oscillators which
are used tgrovide specialand high quality clocksignak for high-speedtransceivers and high
bandwidth memoryrhroughl2C serial interfacetheclock generator controllsin the StratixV GX
FPGAcan be used to program tB®CM6208and LMK04096B to generatd®Cle SATA andhigh
bandwidth memoryeference cloks respectively. Two SMA connectaaad Four FMC connectors
provideexternaldifferentialclock inputs) andclock outpugs) respectively.

Table 2-9 lists theclock source signal namesdefaultfrequencyand their correspondingtratix V
GX device pin numbers.

Table 2-9 Clock Source, Signal Name, Default Frequency, Pin Assignments and Functions

) Stratix V
Schematic Default ) L
Source . I/O Standard GX Pin Application
Signal Name Frequency
Number
CLK_50_B3B 1.5-V PIN_AW35
CLK_50_B4A 1.5-V PIN_AP10
1.2/1.5/1.8/2.5/3.0-
Y1 CLK_50_B4D 50.0 MHz \ [1.5/1.8/2.51 PIN_AY18
CLK_50_B7A \1/.2/1.5/1.8/2.5/3.0- PIN_M8
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1.2/1.5/1.8/2.5/3.0-

CLK_50 B7D v PIN_J18
CLK_50_B8A 3./.2/1.5/1.8/2.5/3.0- PIN_R36
1.2/1.5/1.8/2.5/3.0-
CLK_50_B8D v /1.5/1.8/2.5/3.0 PIN_R25
Ext | Clock
J3  |SMA_CLKIN p User 1.5V pIN_Bcg |Xternal Cloc
Defined Input
User
J4 SMA_CLKIN_n . 1.5-V PIN_BD8 |Clock Output
Defined
User
J1 SMA_CLKOUT_p . 1.5-V PIN_AV8
Defined
J2 SMA_CLKOUT n Usgr 1.5-V PIN_AW9
- - Defined -
FMCA t
FMCA_ONBOARD_REFCLK_p0/125 MHz |LVDS PIN_Y38 POTL XCVT
reference clock
FMCD port xcvr
FMCD_ONBOARD_REFCLK_p0125 MHz |[LVDS PIN_Y7
reference clock
PCI f
PCIE_ONBOARD_REFCLK p [100 MHz |LVDS PIN_AH39 Cl(;cekre erence
v2l SATA Devi
SATA_DEVICE_REFCLK p 150 MHz |LVDS PIN_AK7 evice
- - - - reference clock
SATA Host
SATA_HOST_REFCLK_p 150 MHz PIN BB33
- - - - reference clock
133.333 DDR3
DDR3_REFCLK_p
MHz reference clock
644.53125 FMCA t
FMCA_ONBOARD_REFCLK_p1 LVDS PIN_T38 POTL XCVT
MHz reference clock
644.53125 FMCD port xcvr
FMCD_ONBOARD_REFCLK_p1 LVDS PIN_T7 P
U43 MHz reference clock
44,5312 FMCB
FMCC_ONBOARD_REFCLK_p0 423128 \pg PIN_AD39 | MCB port xcvr
- - — MHz - reference clock
44,5312 FM
FMCC ONBOARD REFCLK pl6 53125 LVDS PIN_ADG6 CC port xcvr
- - — " IMHz - reference clock

Table 2-10 lists the programmable oscillator control pinsignal namesl/O standardand their
correspondingtratixV GX device pin numbers.

Table 2-10 Programmable oscillator control pin, Signal Name, I/O standard, Pin
Assignments and Descriptions
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Programmable/Schematic Stratix V GX Pin

i . I/O Standard Description
Oscillator Signal Name Number
CDCM6208 CLOCK_SCL 2.5-V PIN_AR25 I12C bus, connected
(U21) CLOCK_SDA 2.5-V PIN_BC25 with CDCM6208
LMK04906_CLK 2.5-V PIN_AT24 I2C bus master output
LMK04906_DATAIN 2.5-V PIN_BD25 only, connected with
- ~ - LMK04096B
LMK049068 I2C bus master input
(U43) LMKO04906_DATAOUT 1.5-V PIN_BC29 signal P
LMKO04906_LE 1.5-V PIN_AT33 LMKO4096B PLL
locked signal

2.6: FLASH! and/SSRAMVI Memoory.

The development board had G bit CFl-compatible synchronous flash devioe nonvolatile
storage of FPGA configuration dateserapplicationdata, and user code spaaad a # byte ZBT
SSRAM for data Cache.

The flashhas a 1ébit data bus and aNwo for FPPx16 configuration. This device is part of the
shared flash and MAX (FM) bus, whiclinnects to the flash memory and MAXCPLD
(EPM2210) System ControlleThe SSRAMalso has a 16it data bus andhareaddress andata
bus with the flashiFigure 2-11 shows the connections between fash,SSRAM,MAX and
StratixV GX FPGA
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MAXII
A

Command
>
ADDR x25
— >
ADDR x25 >
v T Data x16
Datax16 v
> Data x16
L >
g SS
Command ADDRx20 *©

Figure 2-11 Connection between the Flash, Max and Stratix V GX FPGA

_Table 2-11 lists the flash pin assignments, signal names, and functions.

ash x16
(128M)

RAM x16

(2MB)

Table 2-13 Flash Memory Pin Assignments, Schematic Signal Names, and Functions

Schematic . Stratix V GX
i Description I/O Standard i
Signal Name Pin Number
FSM_A1l Address bus 2.5V PIN_AE11
FSM_A2 Address bus 2.5V PIN_AD14
FSM_AS3 Address bus 2.5V PIN_AE14
FSM_A4 Address bus 2.5V PIN_AE10
FSM_A5 Address bus 2.5V PIN_AF10
FSM_AG6 Address bus 2.5V PIN_AE12
FSM_AY Address bus 2.5V PIN_AF11
FSM_AS8 Address bus 2.5V PIN_AG13
FSM_A9 Address bus 2.5V PIN_AJ10
FSM_A10 Address bus 2.5V PIN_AF13
FSM_A11 Address bus 2.5V PIN_AE13
FSM_A12 Address bus 2.5V PIN_AJ11
FSM_A13 Address bus 2.5V PIN_BD11
FSM_Al14 Address bus 2.5V PIN_AW10
FSM_A15 Address bus 2.5V PIN_AF14
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FSM_A16 Address bus 2.5V PIN_AY12
FSM_A17 Address bus 2.5V PIN_AY10
FSM_A18 Address bus 2.5V PIN_BD10
FSM_A19 Address bus 2.5V PIN_BB12
FSM_A20 Address bus 2.5V PIN_BA12
FSM_A21 Address bus 2.5V PIN_BA10
FSM_A22 Address bus 2.5V PIN_BC11
FSM_A23 Address bus 2.5V PIN_AE9
FSM_A24 Address bus 2.5V PIN_AW11
FSM_A25 Address bus 2.5V PIN_BC10
FSM_A26 Address bus 2.5V PIN_BB11
FSM_DO Data bus 2.5V PIN_AG10
FSM_D1 Data bus 2.5V PIN_AH10
FSM_D2 Data bus 2.5V PIN_AG11
FSM_D3 Data bus 2.5V PIN_AK12
FSM_D4 Data bus 2.5V PIN_AV10
FSM_D5 Data bus 2.5V PIN_AR12
FSM_D6 Data bus 2.5V PIN_AL12
FSM_D7 Data bus 2.5V PIN_AR13
FSM_D8 Data bus 2.5V PIN_AG9
FSM_D9 Data bus 2.5V PIN_AH12
FSM_D10 Data bus 2.5V PIN_AG12
FSM_D11 Data bus 2.5V PIN_AL11
FSM_D12 Data bus 2.5V PIN_AN12
FSM_D13 Data bus 2.5V PIN_AU9
FSM_D14 Data bus 2.5V PIN_AM13
FSM_D15 Data bus 2.5V PIN_AJ12
FLASH_CLK Flash Clock 2.5V PIN_AU11
FLASH_RESET_n Flash Reset, active low 2.5V PIN_AV25
FLASH_CE_n Flash Chip enable,active low 2.5V PIN_AU24
FLASH_OE_n Flash Output enable, active 2.5V PIN_AP12
low
FLASH WE_n Flash Write enable, active low 2.5V PIN_AT12
FLASH_ADV_n Flash Address valid, active 2.5V PIN_BD26
low
FLASH_RDY_BSY_n |Flash ready output 2.5V PIN_AU25
SSRAM_CLK SSRAM Clock 2.5V PIN_AP13
SSRAM_CKE_n SSRAM Clock enable, active 2.5V PIN AW24
low B
SSRAM_CE_n SSRAM Chip enable, active 2.5V PIN_AP24
low
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SSRAM_WE_n Flash Write enable, active low 2.5V PIN_AV11
SSRAM_OE_n Flash output enable, active 2.5V PIN_AU10
low
SSRAM_ADV Flash Address valid, active 2.5V PIN_BC26
high
SSRAM_BWA _n SSRAM Byte Write enable 2.5V PIN_AY25
SSRAM_BWB_n SSRAM Byte Write enable 2.5V PIN_BA24
FLASH CLK Clock 2.5V PIN_T9
FLASH RESET n Reset 2.5V PIN_C17
FLASH CE_n Chip enable of of flash-0 2.5V PIN_H10
Chip enable of of flash-1 2.5V PIN_N16
FLASH OE n Output enable 2.5V PIN_C16
FLASH_WE_n Write enable 2.5V PIN_U10
FLASH_ADV_n Address valid 2.5V PIN_H7
FLASH_RDY_BSY_n |Ready of flash-0 2.5V PIN_J8

2.7 DDR3 SO-DIMM

The development board supports DDR3 SDRAMB®™M. TheDDR3 SODIMM socket is wired
to support a maximum capacity 8B with a 64bit data busUsing differential DQS signaling for
the DDR3 SDRAM interfaces, it isapable of running aip to800MHz memory clocKor a maximum
theoretical bandwidthup to 95.4Gbps Figure 2-12 shows the connections between the [3DR
SDRAM SODIMMs andStratixV GX FPGA
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DDR3 SO-DIMM

VVYVYVYYVYY

VVVYVYYVYY

A A |

VVVYVYYVYY

A

DDR3_SA[1...0]
DDR3_CLK_p[1...0]
DDR3_CLK_n[1...0]
DDR3_BA[2...0]
DDR3_ODT[1...0]
DDR3_CS_n[1...0]

DDR3_DQ[63...0]
DDR3_DQS_p][7...0]
DDR3_DQS_n[7...0]
DDR3_A[15...0]
DDR3_DM([7...0]
DDR3_CKE[1...0]

DDR3_WE_n
DDR3_CAS_n
DDR3_RAS n
DDR3_SDA
DDR3_SCL
DDR3_RESET n
DDR3_EVENT n

Figure 2-12 Connection between the DDR3 and Stratix V GX FPGA

The pin assignmenfsr DDR3 SDRAM SGDIMM are listed infable 2-14.

Table 2-14 DDR3 Pin Assignments, Schematic Signal Names, and Functions

Schematic . Stratix V GX Pin
. Description I/O Standard

Signal Name Number
DDR3_DQO Data [0] SSTL-15 Class | PIN_AH31
DDR3_DQ1 Data [1] SSTL-15 Class | PIN_AJ31
DDR3_DQ2 Data [2] SSTL-15 Class | PIN_AN30
DDR3_DQ3 Data [3] SSTL-15 Class | PIN_AP30
DDR3_DQ4 Data [4] SSTL-15 Class | PIN_AH30
DDR3_DQ5 Data [5] SSTL-15 Class | PIN_AJ30
DDR3_DQ6 Data [6] SSTL-15 Class | PIN_AR30
DDR3_DQ7 Data [7] SSTL-15 Class | PIN_AT30
DDR3_DQ8 Data [8] SSTL-15 Class | PIN_AM29
DDR3_DQ9 Data [9] SSTL-15 Class | PIN_AN28
DDR3_DQ10 Data [10] SSTL-15 Class | PIN_AP28
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DDR3_DQ11 Data [11] SSTL-15 Class | PIN_AR29
DDR3_DQ12 Data [12] SSTL-15 Class | PIN_AU31
DDR3_DQ13 Data [13] SSTL-15 Class | PIN_AV32

DDR3_DQ14 Data [14] SSTL-15 Class | PIN_AW32
DDR3_DQ15 Data [15] SSTL-15 Class | PIN_AV31

DDR3_DQ16 Data [16] SSTL-15 Class | PIN_AF28
DDR3_DQ17 Data [17] SSTL-15 Class | PIN_AF29
DDR3_DQ18 Data [18] SSTL-15 Class | PIN_AG30
DDR3_DQ19 Data [19] SSTL-15 Class | PIN_AG29
DDR3_DQ20 Data [20] SSTL-15 Class | PIN_AG28
DDR3_DQ21 Data [21] SSTL-15 Class | PIN_AG27
DDR3_DQ22 Data [22] SSTL-15 Class | PIN_AG26
DDR3_DQ23 Data [23] SSTL-15 Class | PIN_AG25
DDR3_DQ24 Data [24] SSTL-15 Class | PIN_BC31
DDR3_DQ25 Data [25] SSTL-15 Class | PIN_BC32
DDR3_DQ26 Data [26] SSTL-15 Class | PIN_BB30
DDR3_DQ27 Data [27] SSTL-15 Class | PIN_BD31
DDR3_DQ28 Data [28] SSTL-15 Class | PIN_BD32
DDR3_DQ29 Data [29] SSTL-15 Class | PIN_BA30
DDR3_DQ30 Data [30] SSTL-15 Class | PIN_AY31

DDR3_DQ31 Data [31] SSTL-15 Class | PIN_AW30
DDR3_DQ32 Data [32] SSTL-15 Class | PIN_BB29
DDR3_DQ33 Data [33] SSTL-15 Class | PIN_BB27
DDR3_DQ34 Data [34] SSTL-15 Class | PIN_BA27
DDR3_DQ35 Data [35] SSTL-15 Class | PIN_AW27
DDR3_DQ36 Data [36] SSTL-15 Class | PIN_AY28

DDR3_DQ37 Data [37] SSTL-15 Class | PIN_BA28
DDR3_DQ38 Data [38] SSTL-15 Class | PIN_AW29
DDR3_DQ39 Data [39] SSTL-15 Class | PIN_AY27

DDR3_DQ40 Data [40] SSTL-15 Class | PIN_AT27

DDR3_DQ41 Data [41] SSTL-15 Class | PIN_AN25
DDR3_DQ42 Data [42] SSTL-15 Class | PIN_AM25
DDR3_DQ43 Data [43] SSTL-15 Class | PIN_AL25

DDR3_DQ44 Data [44] SSTL-15 Class | PIN_AW26
DDR3_DQ45 Data [45] SSTL-15 Class | PIN_AV26

DDR3_DQ46 Data [46] SSTL-15 Class | PIN_AU27
DDR3_DQ47 Data [47] SSTL-15 Class | PIN_AM26
DDR3_DQ48 Data [48] SSTL-15 Class | PIN_AU28
DDR3_DQ49 Data [49] SSTL-15 Class | PIN_AU29
DDR3_DQ50 Data [50] SSTL-15 Class | PIN_AM28
DDR3_DQ51 Data [51] SSTL-15 Class | PIN_AL27
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DDR3_DQ52 Data [52] SSTL-15 Class | PIN_AV28
DDR3_DQ53 Data [53] SSTL-15 Class | PIN_AV29
DDR3_DQ54 Data [54] SSTL-15 Class | PIN_AL28
DDR3_DQ55 Data [55] SSTL-15 Class | PIN_AK27
DDR3_DQ56 Data [56] SSTL-15 Class | PIN_AK24
DDR3_DQ57 Data [57] SSTL-15 Class | PIN_AJ24
DDR3_DQ58 Data [58] SSTL-15 Class | PIN_AH24
DDR3_DQ59 Data [59] SSTL-15 Class | PIN_AH25
DDR3_DQ60 Data [60] SSTL-15 Class | PIN_AH28
DDR3_DQ61 Data [61] SSTL-15 Class | PIN_AJ28
DDR3_DQ62 Data [62] SSTL-15 Class | PIN_AL26
DDR3_DQ63 Data [63] SSTL-15 Class | PIN_AK26
DDR3_DQSO0 Data Strobe p[0] Differential 1.5-V SSTL Class | [PIN_AL30
DDR3_DQS_n0 Data Strobe n[0] Differential 1.5-V SSTL Class | [PIN_AL31
DDR3_DQS1 Data Strobe p[1] Differential 1.5-V SSTL Class | [PIN_AK30
DDR3_DQS_n1 Data Strobe n[1] Differential 1.5-V SSTL Class | [PIN_AL29
DDR3_DQS2 Data Strobe p[2] Differential 1.5-V SSTL Class | [PIN_AE27
DDR3_DQS_n2 Data Strobe n[2] Differential 1.5-V SSTL Class | |PIN_AE28
DDR3_DQS3 Data Strobe p[3] Differential 1.5-V SSTL Class | [PIN_AY30
DDR3_DQS_n3 Data Strobe n[4] Differential 1.5-V SSTL Class | [PIN_BA29
DDR3_DQS4 Data Strobe p[4] Differential 1.5-V SSTL Class | [PIN_BC28
DDR3_DQS _n4 Data Strobe n[4] Differential 1.5-V SSTL Class | [PIN_BD28
DDR3_DQS5 Data Strobe p[5] Differential 1.5-V SSTL Class | |PIN_AT26
DDR3_DQS_n5 Data Strobe n[5] Differential 1.5-V SSTL Class | [PIN_AU26
DDR3_DQS6 Data Strobe p[6] Differential 1.5-V SSTL Class | |PIN_AR27
DDR3_DQS_n6 Data Strobe n[6] Differential 1.5-V SSTL Class | |[PIN_AR28
DDR3_DQS7 Data Strobe p[7] Differential 1.5-V SSTL Class | |PIN_AJ25
DDR3_DQS_n7 Data Strobe n[7] Differential 1.5-V SSTL Class | [PIN_AJ26
DDR3_DMO Data Mask [0] SSTL-15 Class | PIN_AU32
DDR3_DM1 Data Mask [1] SSTL-15 Class | PIN_AU30
DDR3_DM?2 Data Mask [2] SSTL-15 Class | PIN_AK29
DDR3_DM3 Data Mask [3] SSTL-15 Class | PIN_BB32
DDR3_DM4 Data Mask [4] SSTL-15 Class | PIN_BD29
DDR3_DM5 Data Mask [5] SSTL-15 Class | PIN_AR26
DDR3_DM6 Data Mask [6] SSTL-15 Class | PIN_AP27
DDR3_DM7 Data Mask [7] SSTL-15 Class | PIN_AJ27
DDR3_AO Address [0] SSTL-15 Class | PIN_AM32
DDR3_A1l Address [1] SSTL-15 Class | PIN_AF31
DDR3_A2 Address [2] SSTL-15 Class | PIN_AJ33
DDR3_A3 Address [3] SSTL-15 Class | PIN_AE31
DDR3_A4 Address [4] SSTL-15 Class | PIN_AP33
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DDR3_A5
DDR3_A6
DDR3_A7
DDR3_A8
DDR3_A9
DDR3_A10
DDR3_A11l
DDR3_A12
DDR3_A13
DDR3_A14
DDR3_A15
DDR3_RAS_n
DDR3_CAS_n
DDR3_BAO
DDR3_BA1
DDR3_BA2
DDR3_CKO
DDR3_CK_n0
DDR3_CK1
DDR3_CK_n1
DDR3_CKEO
DDR3_CKE1
DDR3_ODTO
DDR3_ODT1
DDR3_WE_n
DDR3_CS_n0
DDR3_CS n1
DDR3_RESET n
DDR3_EVENT _n
DDR3_SDA
DDR3_SCL

Address [5]
Address [6]
Address [7]
Address [8]
Address [9]
Address [10]
Address [11]
Address [12]
Address [13]
Address [14]
Address [15]
Row Address Strobe

Column Address Strobe

Bank Address [0]
Bank Address [1]
Bank Address [2]
Clock p0

Clock n0O

Clock p1

Clock n1

Clock Enable pin 0
Clock Enable pin 1
On Die Termination[0]
On Die Termination[1]
Write Enable

Chip Select [0]

Chip Select [1]

Chip Reset

Chip Temperature Event

Chip 12C Serial Clock

SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |

Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |

SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
1.5V

Chip 12C Serial Data Bus (1.5V

2.8 FMC: Connectorors

PIN_AG32
PIN_AN33
PIN_AK33
PIN_AF32

PIN_AH33
PIN_AE30
PIN_BA33
PIN_AG33
PIN_AD32
PIN_BA34
PIN_AY33

PIN_AJ32

PIN_AE33
PIN_AE29
PIN_AK32
PIN_AE34
PIN_AR31
PIN_AR32
PIN_AV34

PIN_AW33
PIN_AF34

PIN_AY34

PIN_AN31
PIN_AM31
PIN_AE32
PIN_AP31
PIN_AD33
PIN_AR33
PIN_AU35
PIN_AJ29

PIN_AT29

The FPGA Mezzanine Card (FMC) interface provides a mechanism to extend the pesphefaln

FPGA host board by means of add

daughter

car ds,

which c¢can

ad i

requrements as well as legpeed device interface support. The FMC interfaces support JTAG, clock
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outputs and inputs, higépeed serial I/O (transceivers), and sirgheled or differential signaling.
The detailed specifications of the FMC connectors are dhesthelow

A 4 FMC Connector

There arefour FMC connectors on thER5 board are: FMCA, FMCBFMCC, FMCD. Both FMCA

and FMCDareHigh Pin Count (HPC) size of connectors and FMCB and FMCC are Low Pin Count
(LPC) size of connectors (Séegure 2-12). The HPC connector on TR5 board can provides 172
userdefine, singleended signalsirfcludeclock signals) and 10 serial transceiver péaseFigure

2-14). The LPC connector can provides 76 udefine, singleended signalsricludeclock signals)

and 1serial transceiver pair€SeeFigure 2-15). The HPC and LPC connectors use the same
mechanical connectofhe only difference is which signals are actually populated. Thus, cards with
LPC connectors can be plugged into HPC sRésase note that some standard FMC cards may not
work with TR5 due to unidirectional LVD8&ue to Stratix V device

FMC D FMC A
(Hight Pin Count) (Hight Pin Count)
¢ x172 x172
XCVT x10 XCVT x10
/[ANOTS R¥a\
Stratix'V
GX
FMC C — FMC B
(Low Pin Count) — (Low Pin Count)
X76 X76
G
XCVT x1 XCVT x1
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Figure 2-13 FMC connectors on TR5 board

K J H G F E D C B A
1| VREF_B_M2C GND VREF_A_M2C GND PG_M2C GND PG_C2M GND NC GND
2 GND CLK3_BIDIR_P NC CLK1_M2C_P GND HAD1_P_CC GND DPO_C2M_P GND DP1_M2C_P
3 GND CLK3_BIDIR_N GND CLK1_M2C_N GND HAD1_N_CC GND DP0_C2M_N GND DP1_M2C_N
4| CLK2_BIDIR_P GND CLKO_M2C_P GND HADO_P_CC GND GBTCLKO_M2C_P GND DP9_M2C_P GND
5| CLK2_BIDIR_N GND CLKO_M2C_N GND HADO_N_CC GND GBTCLKD_M2C_N GND DP9_M2C_N GND
6| GND HAD3_P GND LADO_P_CC GND HADS_P GND DPO_M2C_P GND DP2_M2C_P
7 HAD2_P HAD3_N LAD2_P LADD_N_CC HAD4_P HADS_N GND DPO_M2C_N GND DP2_M2C_N
8 HAD2_N GND LAD2_N GND HAD4_N GND LAD1_P_CC GND DP8_M2C_P GND
9 GND HAD7_P GND LAD3_P GND HADS_P LADT_N_CC GND DP§_M2C_N GND
10 HADB_P HAD7_N LAD4_P LAD3_N HAD8_P HADS_N GND LADG_P GND DP3_M2C_P
11 HADB_N GND LADA_N GND HADS_N GND LAO5_P LADG_N GND DP3_M2C_N
12 GND HA11_P GND LADS_P GND HA13 P LAO5_N GND DP7_M2C_P GND
13 HA10_P HA11_N LAD7_P LADB_N HA12_P HA13_N GND GND DP7_M2C_N GND
14 HA10_N GND LAD7_N GND HA12_N GND LAD9_P LA10_P GND DP4_M2C_P
15 GND HA14 P GND LA12_P GND HA18_P LAD9_N LAT0_N GND DP4_M2C_N
16| HA17_P_CC HA14 N LA11_P LA12_N HA15 P HA18_N GND GND DP&_M2C_P GND
17| HA17_N_CC GND LATI_N GND HA15_ N GND LA13_P GND DP6_M2C_N GND
18 GND HA18 P GND LA16_P GND HA20_P LAT3_N LA14_P GND DP5_M2C_P
19 HA21_P HA18_N LA15_P LATE_N HA19 P HA20_N GND LA14_N GND DP5_M2C_N
20 HA21_N GND LAT5_N GND HA19_ N GND LA17_P_CC GND GBTCLK1_M2C_P GND
21 GND HA22 P GND LA20_P GND HBO3_P LA17_N_CC GND GBTCLK1_M2C_N GND
22 HA23 P HA22 N LA19_P LA20_N HBO2_P HBO3_N GND LA18_P_CC GND DP1_C2M_P
23 HA23 N GND LAT9_N GND HBOZ2_N GND LA23_P LA1§_N_CC GND DP1_C2M_N
24 GND HBO1_P GND LA22_P GND HBO5_P LA23_N GND DP9_C2M_P GND
25| HBOO_P_CC HBO1_N LA21_P LAZ2_N HBO4_P HBO5_N GND GND DP9_C2M_N GND
26| HBOO_N_CC GND LA21_N GND HBO4_N GND LA26_P LA27_P GND DP2_C2M_P
27 GND HBO7_P GND LA25_P GND HBO9_P LA26_N LA27_N GND DP2_C2M_N
28| HBO6_P_CC HBO7_N LA24_P LA25_N HBO8_P HBO9_N GND GND DP8_C2M_P GND
29| HBO6_N_CC GND LA24_N GND HBO8_N GND TCK GND DP8_C2M_N GND
30 GND HB11_P GND LA29_P GND HB13_P TDI SCL GND DP3_C2M_P
31 HB10_P HB11_N LA28_P LA29_N HB12_P HB13_N TDO SDA GND DP3_C2M_N
32 HB10_N GND LA28_N GND HB12_N GND 3P3VAUX GND DP7_C2M_P GND
33 GND HB15_P GND LA31_P GND HB19_P TMC GND DP7_C2M_N GND
34 HB14_P HB15_N LA30_P LA3T_N HB16_P HB19_N TRST_L GA1 GND DP4_C2M_P
35 HB14_N GND LA30_N GND HB16_N GND GA1 12P0V GND DP4_C2M_N
36 GND HB18_P GND LA33_P GND HB21_P GND DP6_C2M_P GND
37| HB17_P_CC HB18_N LA32_P LA33_N HB20_P HB21_N GND DP6_C2M_N GND
38| HB17_N_CC GND LA32_N GND GND DP5_C2M_P
39 GND NC GND GND DPS_C2M_N
40 NC GND NC GND

asiC
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K J H G F E D c B A

1 NC NC VREF_A M2C GND NC NC PG_C2M GND NG NC
2 NC NC NC CLK1_M2C P NC NC GND DP0_C2M P NC NC
3 NC NC GND CLK1_M2C N NC NC GND DPO_CZM_N NC NC
4 NC NC CLKO_M2C P GND NC NC GETCLKD_M2C_P GND NC NG
5 NC NC CLKO_M2C_N GND NC NC GBTCLKI_M2C_N GND NC NC
5 NC NC GND LAOD_P_CC NC NC GND DP0_M2C_P NC NC
7 NC NC LAOZ P | LADONCC NC NC GND DPO_M2C_N NC NC
8 NC NC LADZ N GND NC NC LAD1 P_CC GND NG NC
9 NC NC GND LA03 P NC NC LAOT_N_CC GND NC NC
10 NC NC LAO4 P LAD3 N NC NC GND LAOE_P NC NC
11 NC NC LAOA N GND NC NG LAOS P LADB_N NC NC
12 NC NC GND LA0B P NC NC LADS N GND NC NC
13 NC NC LAO7 P LAOB N NC NC GND GND NC NC
14 NC NC LAOT N GND NC NC LA0g P LAI0_P NC NC
15 NC NC GND LA12 P NC NC LADS N LAI0_N NG NC
16 NC NC LATI P LA12 N NC NC GND GND NC NC
17 NC NC LATIN GND NC NC LAT3 P GND NC NC
18 NC NC GND LAIE P NC NG LAT3 N LA14 P NC NC
19 NC NC LAT5 P LA1B_N NC NC GND LA14_N NC NC
20 NC NC LATS N GND NC NC LAT7 P_CC GND NC NC
21 NC NC GND LA20 P NC NC LAT7 N CC GND NC NC
22 NC NC LAT9 P LAZ0_N NC NC GND LA18_P_CC NG NC
23 NC NC LAT9 N GND NC NC [A33 P | LAIBNCC NC NC
24 NC NC GND L2 P NC NC LA23 N GND NC NC
25 NC NC LA21 P LA22 N NC NG GND GND NC NC
26| NC NC LA21 N GND NC NC NC NC
27 NC NC GND LA25 P NC NC NC NC
28 NC NC LAZ4 P LA25 N NC NC NC NC
29 NC NC LAZ4 N GND NC NC NG NC
30 NC NC GND LA29 P NC NC NC NC
3t NC NC LA28 P LA29 N NC NC NC NC
52 NC NC LAZE N GND NC NG NC NC
33 NC NC GND LA31 P NC NC NC NC
34 NC NC LA30 P LA3T N NC NC NC NC
35 NC NC LA30N GND NC NC NC NC
38 NC NC GND LA33 P NC NC NG NC
37 NC NC LA32 P LA33 N NC NC NC NC
38 NC NC LAZ N GND NC NC NC NC
39 NC NC GND NC NG NC NC
40 NC NC _m NC NC NC NC

Figure 2-15 Pin-Out of the low pin count FMC connector
A Clock Interface

Due to the limitation of the FPGA clock input pin numbers, not all the FMC ports have same clock
interface.Table 2-15 shows the FPGAedicatedtlock inputpin placement on each FMC port.

Table 2-15 FMC clock interface distribution

FMC Clock in/out pin FPGA Clock Input Pin Placement

name FMCA FMCB FMCC FMCD

CLKO_M2C_P /0 CLK22p /0 /0

CLKO_M2C_N /0 CLK22n 110 /0
CLK1 _M2C_P I/1O CLK23p I/O CLK15p
CLK1 _M2C_N I/1O CLK23n I/O CLK15n
HAO1_P_CC CLK17p N/A N/A CLK14p
HAO1_N_CC CLK17n N/A N/A CLK14n
LAO1_P_CC CLK19p | CLK21p CLK7p CLK13p
LAO1_N_CC CLK19n | CLK21n CLK7n CLK13n
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Please note that, all thdediated clock pinof the FPGA are connead to external termination
resistos (SeeFigure 2-16). IF users want to us these I/O as sirghel standard, pleaser remove

these resistors.

R11
T11

CLRBN_ARTU/DIFFIU_RX BZUBN/DUSN/UB
CLK9P_AR11/DIFFIO_RX_B206P/DQSE9IB
CLKSN_AT11/DIFFIO_RX_B206N/DQSNBIB

5
ALERT 2 g}';g CLK10P_AY9/DIFFIO_RX_B202P/DQSHEB
= Raso SMA CLKIN p  ““pea | CLK10N_BAS/DIFFIO_RX_B202N/DQSN6EB
5,—%@5\/‘ SMA CIRIN 1 Bha | CLK11P_BCB8/DIFFIO_RX_B200P/DOS67B

CLK11N_BD8/DIFFIO_RX_B200N/DQSNE7B

0SC_50_B4D AY18

A8
FMCC_LA_RX_CLK_p %515

355
1

FMCC_LA_RX_CLK_n BB17

Bank

CLKBP_AY18/DIFFIO_RX B142P/DQS48B
CLKBN_BA18/DIFFIO_RX_B142N/DQSN48B
CLK7P_BB18/DIFFIO_RX_B144P/DQ48B
CLK7N_BB17/DIFFIO_RX_B144N/DQ48B

4D

VCCIO = adjustable

moiie/coniie default = 2.5V

DQ11B
DQ11B
DQl1B

OSC_50_BTA M8

L8

FMCD_LA_RX_CLK 5 M9

FMCD_LA_RX CLR. 0 L9

FMCD.

HA_RX_CLK_p EB8
_n DY

i
100
L6

FMCD_CLK _M2C p1_ B8

1
,_BEZZQ/\
100

FMCD_CLK_M2C_nT A8

Bank

CLK12P_M8/DIFFIO_RX_T3P/DQS1T
CLK12N_L8/DIFFIO_RX_T3N/DQSN1T
CLK13P_M%/DIFFIO_RX T5P/DQS2T
CLK13N_L9/DIFFIO_RX_T5N/DQSN2T
CLK14P_E8/DIFFIO_RX_T9P/DQS3T
CLK14N_D9/DIFFIO_RX_TON/DQSN3T
CLK15P_B8/DIFFIO_RX_T11P/DQS4T
CLK15N_AB/DIFFIO_RX_T11N/DQSN4T

A

VCCIO = adjustable
default = 2.5V

0SC_50_B7D 118 Bank 7D VCCIO = adjustable
FMCA GAD Tr7g | CLK18P_J18/DIFFIO_RX_T69P/DAS23T default = 2.5V
280 FMCA TARX TR 516 | CLK18N_H1B/DIFFIC_RX_TBIN/DQSN23T
1 FWICA A RX CLK n fig | CLK19P_G16/DIFFIO_RX_T67P/DQ23T
=== CLK19N_F16/DIFFIO_RX_T67N/DQ23T
0SC 50 BBA R36 Bank 8A VCCIO = adjustable

P37
FMCB_LA RX_CLK TU36

CLK20P_R36/DIFFIO_RX_T201P/DQSETT
CLK20N_P37/DIFFIO_RX_T201N/DQSN67T

,_502‘@%/\ FMCE LA _RX_CLK n Tag | CLK21P_U36G/DIFFIO_RX T199P/DQ6TT

574 FMCE_CLR_MOC_p0 Bag | CLK21N_T36/DIFFIO_RX_T199N/DQ6TT

I—%g\ﬂ “CLK WOC n0 Aag | CLK22P_B39/DIFFIO_RX_T195P/DQSE5T
FMCB _CLK MZC _pT a7 | CLK22N_A38/DIFFIO_RX_T195N/DQSNGST

1
,_BDZJQ/\
100

FMCB_CLK_M2C_nT A37

CLK23P_B37/DIFFIO_RX T193P/DQB5T
CLK23N_A37/DIFFIO_RX_T193N/DQB5T

default = 2.5V

0SC_60_88D R25 Bank 8D VCCIO = adjustable
— 555 CLK16P_R25/DIFFIO_RX_T135P/DQSA5T default = 2.5V

2 FMCA HA RX_CLK p ““Nag | CLK16N_P25/DIFFIO_RX_T135N/DASN45T

10 FMCA HA RX CLK n Mae | CLK17P_N25/DIFFIO_RX_T133P/DQ45T

CLK17N_M25/DIFFIO_RX_T133N/DQ45T

StratixV 5SGXAT7/AB NF45
PIN VERSION : 1.0
DATE : MAR-20-2011

Figure 2-16 Termination resistors on FMC clock I/Os

A Power Supply

The TR5 boardprovides 12y 3.3V and VCCIO_FMCpower throughFMC ports Table 2-16
indicates the maximum paw consumption foall FMC ports Please note that this table shows the
total max current limit for all siyorts notjustfor one.

Also, the 12V DC powersuppliesfrom the FMC portshave fuses for protection. Users witha n 6 t
needthe powerfrom theFMC can remove thedeses to cut the power on connector.

CAUTION. Before powering on th&R5 board with a daughter card, please check to see if there is
a short circuit between the power pins and FPGA 1/O.
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Table 2-16 Power Supply of the FMC

Supplied Voltage Max. Current Limit

12v 3A

3.3V 3A

VCCIO_FMC FMCA : 12A ; FMCB/FMCC/FMCD : 6A

A Adjustable 1/0 Standards

The FPGAI/O standard of the FMC ports can be adjusted bgnfiguringthe headeposition Each
port can be individually djusted tol1.5V, 1.8V, 2.5V or 3.0V via jumperson the TR5 boardr-or

detailed setting, please refer3ection2.2.

A JTAG Chain on FMC

Figure 2-17 shows the JTAG chain loop of the TR5 board. The JTAG interface on the FMC connectors
can be activated through foupth headersk-or detailed setting, please refelSection 22.
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USB Blaster Il FPGA

TDO

JP4

JP2

Figure 2-17 JTAG Chain for a Standalone TR5

A Component Information of the FMC Connector

Table 2-17 shows thenanufacture and part numbers of EMC connector.

Table 2-17 Component information of the FMC connector

Connector Type Manufacturer Part Number
Female High Pin Count(HPC) SAMTEC ASP-134486-01
(For Mother Board) Low Pin Count(LPC) SAMTEC ASP-134603-01
Male High Pin Count(HPC) SAMTEC ASP-134488-01

[¥asic

www.terasic.com
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/AYOTS RYAN,

(For Daughter Board)

Low Pin Count(LPC) SAMTEC ASP-134604-01

2.9 SATA

Thetwo Serial ATA (SATA) portsareavailable on th&PGAdevelopment board which are computer
bus standard with primary function of transferring data between the motherboard and mass storage
devices (such as hard drives, optical drives, and sstiadle disks). Supporting a storage interface is
just one of many different applicatiofe which an FPGA can be used in storage appliances. The
Stratix VGX device can bridge different protocols such adding simple bus I/Os like PCI Express
(PCle) to SATA or network interfaces such as Gigabit Ethernet (GbE) to SATA. The SATA interface
supports SATA 3.0 standard with connection speed of 6 Gbps bas®atin V GX device with
integrated transceivers cpifant to SATA electrical standards.

The two Serial ATA (SATA) ports includene available portfor device andne availableport for
host capable of implementing SATA solution with a design that consists of both htestgmtddevice
side) functionsFigure 2-18 showsthe connections between tBATA andStratixV GX FPGA

N

BRN
R
ERR

3

fle

Figure 2-18 Connection between the SATA and Stratix V GX FPGA
Table 2-18, list the SATA pin assignmentandsignal names relative to tigtratixV GX device
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Table 2-18 SATA Pin Assignments, Schematic Signal Names, and Functions

) Stratix V

Schematic L .
. Description I/O Standard GX Pin
Signal Name
Number

SATA HOST _REFCLK p |[SATA Host reference clock 1.4-V PCML PIN_AH6
SATA_HOST_TX p SATA Host transmitter data 1.4-V PCML [PIN_AU4
SATA_HOST_RX_p SATA Host Receiver data 1.4-V PCML [PIN_AY2
SATA_DEVICE_REFCLK_p|SATA Device reference clock 1.4-V PCML PIN_AK7
SATA _DEVICE_TX p SATA Device transmitter data 1.4-V PCML |PIN_AY6
SATA_DEVICE_RX p SATA Device Receiver data 1.4-V PCML [PIN_BB2

2.100 GPIO®

The TR5 Board provides 40-pin expansin header. The header connects directly to 36 pins of the
StratixV GX FPGA, and also provides DC +5V (VCC5), DC +3.3V (V@3B and two GND pins.
Figure 2-19shows the 1/O distribution of the GPIO corta. The maximum power consumption of
the daughter card that connects to GPIO port is shoviable 2-19.

Figure 2-19 GPIO Pin Arrangement

Table 2-19 Power Supply of the Expansion Header
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Supplied Voltage

Max. Current Limit

5V

2A

3.3V

3A

Each pin on the expansion headers is connectelkte@| shiftthat providesanl/O voltage level shift
from 2.5V t03.3V for thedaughter card=igure 2-20 shows thdevelshift circuitry for only one of
the pin on the header, but this circuitry is included for all 36 data pins.

Figure 2-20 Connections between the GPIO connector and Stratix V GX FPGA

Table 2-20 shows all the pin assignments of the GPIO connector.

Table 2-20 GPIO Pin Assignments, Schematic Signal Names, and Functions

Sighal Name Description I/O Stand Stratix V GX Pin Number
GPIO[0] SE'TOA[%;’””EC“O” 25V PIN_AU36
GPIO[1] gE'TOA[(i;’””eC“O” 2.5V PIN_AE36
GPIO[2] (;/'z'T(i[CZ:;’””GC“O” 2.5V PIN_AF35
GPIO[3] SE'TC/:[E]O””‘?C“O” 2.5V PIN_AE35
GPIO[4] Si'Ti[i]O””eC“O” 2.5V PIN_AN36
GPIO[5] ﬁiﬁ;’””ec“o” 2.5V PIN_AP36
41
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GPIO[6]

GPIO[7]

GPIO[8]

GPIO[9]

GPIO[10]

GPIO[11]

GPIO[12]

GPIO[13]

GPIO[14]

GPIO[15]

GPIO[16]

GPIO[17]

GPIO[18]

GPIO[19]

GPIO[20]

GPIO[21]

GPIO[22]

GPIO[23]

GPIO[24]

GPIO[25]

GPIO[26]

GPIO Connection
DATA[6]

GPIO Connection
DATA[7]

GPIO Connection
DATA[8]

GPIO Connection
DATA[9]

GPIO Connection
DATA[10]

GPIO Connection
DATA[11]

GPIO Connection
DATA[12]

GPIO Connection
DATA[13]

GPIO Connection
DATA[14]

GPIO Connection
DATA[15]

GPIO Connection
DATA[16]

GPIO Connection
DATA[17]

GPIO Connection
DATA[18]

GPIO Connection
DATA[19]

GPIO Connection
DATA[20]

GPIO Connection
DATA[21]

GPIO Connection
DATA[22]

GPIO Connection
DATA[23]

GPIO Connection
DATA[24]

GPIO Connection
DATA[25]

GPIO Connection
DATA[26]
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2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V

2.5V
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PIN_AK23

PIN_AL23

PIN_AL24
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PIN_AM23

PIN_AL21
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GPIO[27] Siﬁ;;‘”ec“o” 25V PIN_BB24
GPIO[28] Si'&ég;‘”ec“c’” 2.5V PIN_BC23
GPIO[29] Si'&é‘;{‘”eetion 25V PIN_AT23
GPIO[30] Si'&ég}””ec“o” 2.5V PIN_AV23
GPIO[31] Sz'T(Zé‘l’]””eC“O” 2.5V PIN_BD23
GPIO[32] Si'&{g;‘””eaion 2.5V PIN_BB26
GPIO[33] Si'&{gg{‘”ewon 25V PIN_AW?23
GPIO[34] Sz'T(Z[zz]””eC“o” 2.5V PIN_AY24
GPIO[35] Sz'T(Z[zg]””eC“O” 2.5V PIN_BB23

2.111 PClIExpress

The TR5 development boarfkaturesone PCle Expresslownstreaminterfaces X4 lane) which are
designed tanterface witha PC motherboam#4 slot via PCle cable andJRe adapter cardUtilizing
built-in transceivers on a Stratik GX device, it is able to provide a fully integrated PCI Express
compliant solution for mukiane (x4) applicationdVith the PCI Express hard IP loincorporated

in the StratixV GX device it will allow users to implement simple and fast protscak well as
saving logic resources for logic applicaton

The PCI Express interface supports complete PCl Express Genl at 2.5GbpShae at
5.0Gbps/langand Gef at 8.0Gbps/lane protocoltack solution compliant to PCI Express base
specification3.0 that includes PH¥IAC, Data Link, and transaction layer circuitry embedded in
PCI Express hard IP blocks.

To use PCle interface, twexternalassociatedievices will be neestl to establisha link with PC.
First,a PCle haHheight adein hostcard with a PCle x4 cable connectadledPCA (PCle Cabling
Adapter Card an&eeFigure 2-21) will be used to plugnto thePCle slot oramother boardThen,
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a PCle x4 cable (Seegure 2-22) will be used to connect THboard and PCle adid card as shown
in Figure 2-23, the longest lengtis up to 3metersThese two associated des@e not included in
TRS5 kit. To purchase th®CA cardas well as the external caplgleaserefer to Terasic website
pca.terasic.omandPCle _Cableterasic.com

Figure 2-21 PCle Cabling Adaptor(PCA) card
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Figure 2-22 PCle External Cable

>

Figure 2-23 PCle Link Setup between TR5 and PC

PCle WAKE_n = L
PClepREST.n  —— -
PCle REFCLK_p

PCle REFCLK_n
PCle TX_p([3.0]
PCle TX_n[3.0]
PCle RX_n[3.0]
PCle RX_p[3.0]

PCle

Figure 2-24 PCI Express Pin Connection

Table 2-22 summarizes the PCI Express pin assignments of the signal names relativBttatike
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V GX FPGA.

Table 2-22 PCI Express Pin Assignments, Schematic Signal Names, and Functions

Schematic o Stratix V GX Pin

) Description I/O Standard
Signal Name Number
PCIE_REFCLK p PCle reference clock HCSL PIN_AK38
PCIE_PREST_n PCle present™ active low 1.5-V PIN_AUS3
PCIE_WAKE_n PCle wake 1.5-V PIN_BD35
PCIE_TX_p[0] PCle Transmitter data pO 1.4-V PCML PIN_AY39
PCIE_RX p[0] PCle Receiver data p0 1.4-V PCML PIN_BB43
PCIE_TX_p[1] PCle Transmitter data pl 1.4-V PCML PIN_AV39
PCIE_RX_p[1] PCle Receiver data pl 1.4-V PCML PIN_BA41
PCIE_TX_p[2] PCle Transmitter data p2 1.4-V PCML PIN_AT39
PCIE_RX_p[2] PCle Receiver data p2 1.4-V PCML PIN_AWA41
PCIE_TX_p[3] PCle Transmitter data p3 1.4-V PCML PIN_AU41
PCIE_RX_p[3] PCle Receiver data p3 1.4-V PCML PIN_AY43
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Chapter 3

System Builder

This chapter describes how users can creatstmm design project on tReGAboard by usinghe
Software Tool§ System Builder.

3.2 Introduction

The System Builder is a Windows based software utility, designed to assist users to create a Quartus
Il project for theFPGAboard within minutes. The generated Quartus Il project filesdeclu

Quartus Il Project File (.gpf)

Quartus Il Setting File (.gsf)

Top-Level Design File (.v)

External PLL Controller (.v)

Synopsis Design Constraints file (.sdc)
Pin Assignment Document (.htm)

5

5

The System Builder not only can generate the files above,dwuatso provide errechecking 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 orningigsn counts for connected
ends.

Performancehat hasdropped because of improper pin assignments
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3.2 GeneralDesign Flow

This section will introduce the general designilto build a project for th&PGAboard via the
System Builder. The general desigomiis illustrated in thé-igure 3-1.

Users should launcBystem Builder and create a new project according to their design requirements.
When uses complete the settings, tisg/stem Builder will generate two majbkes which include
top-level design file (.v) and the Quartus Il setting file (.gsf).

The toplevel design file contains telgvel Verilog wrapper for users to add their own design/logic.
The Quartus Il setting file contains information such as FPGiddype, toplevel pin assignment,
and /O standard for each uskfined 1/O pin.

Finally, the Quartus Il programmer must hesed to download SOF file the FPGAboard using
JTAG interface.
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Figure 3-1 The general design flow of building a design

3.3 UsingSystem:Builderider

This section provides the detail procedures on tim@8ystem Builder is used.

A Install and launchthe System Builder

The System Builder is located in the directoryobls\SystenBuilder" in the System CD. Users can
copy the whole folder to a host computer without installing the utility. Before using the System
Builder, execute th&ystemBuilder.exeon the host computer as appear§imure 3-2.
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Terasic TRS V1.0.0 @
System Configuration
UNIVERSITY ‘¢rm Board Type: | TRE_A7 .]

PROGRAM www. terasic.com
Project Name:  TRE

CLOCK Switch x 4
[VILEDx 4 [¥] Buttan x 4
[Vl Pawer Monitor [Vl Temperature Sensor
SSRAM (2ME) Fan Cantral
Flash (128ME) UART to USE
MicraSD Socket SMA
[VIDDR3 SODIMM [¥] Sata Host
FClExpress Sata Device
[V] CDCMB208 FLL [¥] LMKD4096E FLL
CDCME208 Programmable PLL
FMCA_REFCLE_0: |100.0 > [MHZ
FMCD_REFCLK_0: |100.0 | MHZ
SATA_HOST_REFCLK: (1500 > [MHZ
SATA_DEWICE_REFCLE: |150.0 - [MHZ
PCIE_OB_REFCLK: |100.0 ~ |MHZ
DDR3_REFCLE: |133.333 - [MHZ
2x20) GPI0 Expansion LMKD4096E FLL

FrCA_REFCLE_1: [B44.53125 = |MHZ

GPIO Default A FMCE_REFCLE_O: |644.83125  ~|MHZ
Prefix Mame FMCC_REFCLE_O: |B44.53125  +|MHZ
FMCD_REFCLE_1: |B44.53128  « [MHZ
FMC Expansion
™y
FMC-D HPC Altera FMC-A HPC Vita
FMCHPC- Altera Standard - [FMC HPC - VITA Standard -
Frefix Mame: HIZE Frefix Mame: HRC
N
FMC-C LPC Altera FMC-B LPC Vita
’FMC LPC- Altera Standard v] ’ FMC LPC -%ITA Standard - ]
Prefix Marme: LPC Prefix MNarme: LPL
.
I Default Setting ] I Load Setting ] l Sawve Setting ] [ Generate l I Exit ]

Figure 3-2 The System Builder window
A Select Board Type and Input Project Name
Select the target board typER5 A7 or TR5_AB Jand input project name as showHiure 3-3.

A Project Name:

Specify the project name as it is automatically assigned to the name of-teedbogesign entity.
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Terasic TRS V1.0.0 (=25l
ME% . System Configuration
UNIVERSITY |hd Board Type: | TRE_A7 -
PROGRAM Www. Lerasic.com
Froject Name:(TRS )
CLOCK Switch x 4
VILED x 4 [¥] Button x 4
Pawer Monitar [V] Temperature Sensor
SSRAM (2ME) Fan Contral
[¥IFlash (128ME) VI UART 10 USE
[¥| MicroSD Socket ] St
[¥] DDR3 SODIMK [¥] Sata Host
FClExpress Sata Device
CDCMBZ08 FLL LMKO40965 PLL
CDCKBZ08 Programmable PLL
FCA_REFCLK_O: (100.0 - | MHZ
FriCO_REFCLK_0: |100.0 - | bHZ
SATA_HOST_REFCLE: |150.0 - | bHZ
SATA_DEVICE_REFCLK: |150.0 - | MHZ
PCIE_OB_REFCLK [1000 ~|MHZ
DDR3I_REFCLK: [133.333 - | MHZ
2x20 GPID Expansion LMKO4096E PLL
FMCA_REFCLK_1: [B44E531258  «|MHZ
GFIO Default - FMCEB_REFCLK_D: (644531258  «|MHZ
Prefix Marme: FMCC_REFCLK_D: (644531258 = |MHZ
FMCD_REFCLK_1: |644.531258 = |MHZ
FMC Expansion
s N ™
FMC-D HPC Altera FMC-A HPC Vita
FMC HPC- Altera Standard - |FMC HPC - VITA Standard -
Prefix Narne: HPC Prefix Name: HPC
. AN A
( N [ FMC-BLPC N
FMC-C LPC Altera \ita
[FMC LPC- Aftera Standard -] [FMC LPC-VITA Standard -
Prefix Mame: LPC Frefix Mame: LPE
b A vy
’ Default Setting ] l Load Setting... l l Sawe Setting... l [ Generate... l l Exit l

Figure 3-3 The Quartus Project Name

A System Configuration

Under System Configuratiomsers are given the flexibility of enabling theloice of components

on theFPGAas shown irFFigure 3-4. Each component of tHePGA boards listed where users can
enable or disable a component according ta thesign by simply marking a check or removing the
check in the field provided. Ifhe component is enabled, t&gstem Builder will automatically
generate the associated pin assignments including the pin name, pin location, pin direction, and 1/O

standard.

Pasic
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Note: The pin assignments for some componéaig. DDRB andSATA) require associated controller
codes in the Quartus project otherwise Quartus will result in compilation errors. Therefore, do not

select them if they are not necessary in your deSignse the DDR3 controller, please refer to the
DDR3 SDRAM demonstration i@hapter 6

Terasic TRS V1.0.0 :
System Configuration
UNIVERSITY ‘"m Board Type: | TRE_A7 -]

PROGRAM WWWLErasic.com

Project Name:  TRE

CLOCK Switch x 4
[VILED x 4 [¥7] Button x 4
Power Maonitar ¥ Tempersture Sensar
SSRAM (2ME) Fan Cantral
[#] Flash {126hE) [V UART to USE
[¥] MicraSD Socket (V] Shia,
[¥]DDR3 SODIMM [¥] Sata Host
FCl Express Sata Device
[¥] COCMB208 PLL [¥] LMK04096E FLL
CDCWME208 Pragrammable FLL
FMCA_REFCLK_0: | 100.0 + | MHZ
FMCD_REFCLK_0: [100.0 - | MHZ
SATA_HOST_REFCLE: |150.0 + | MHZ
SATA_DEWICE_REFCLE: |150.0 + | MHZ
PCIE_OB_REFCLK: 1000 ~|MHZ
DDR3_REFCLK: [133.333 + | MHZ
2x20 GPIO Expansion LtAKO40968 PLL

FMCA_REFCLK_1: 64453126~ [MHZ

FMCE_REFCLK_0: 64453128  « [MHZ
FMCC_REFCLK_0: 64453128  « [MHZ
FMCD_REFCLK_1: |644563126  ~|MHZ

GPIO Default -

Frefix Name:

FrC Expansion

FMC-D HFC Altera FMC-A HPC Vita
FMC HPC - Altera Standard - \ [FMC HPC-VITA Standard -
Prefic Mame: HPC Prefix Name: HPC
i AN
s ™y
FMC-C LPC Altera FMC-B LFC Vita
[FMC LPC - Altera Standard -] \ lFMC LPC-WITA Standard v]
Frefix Name: LPC Prefix Mame: LT
’ Default Setting ] ’ Load Setting... ] [ Sawve Setting... ] [ Generate... l ’ Exit ]

Figure 3-4 System Configuration Group

A Programmable PLL

There ardéwo externalplls on-board that provide reference clodks the following signals

,  FMCA_ONBOARD_REFCLK
, FMCD_ONBOARD_REFCLK
., PCIE_ONBOARD_REFCLK
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DDR3_REFCLK
SATA_DEVICE_REFCLK
SATA_HOST_REFCLK
FMCB_ONBOARD_REFCLK
FMCC_ONBOARD_REFCLK

To use theselocks, users can select the desired frequency on the PnogableOscillatorgroup, as
shown in Figure 3-5. FMC, DDR3,PCleor SATA must be checked before users can start to specify
the desired frequency in tipepogrammable oscillators.

As the Quartus project is creatdte System Builder automatically generates the associatetdoller
according to user ¥dilogdwhs icrhe df afcrid g ueantceys iums er s €
additional control code is requiréal configure thegrogrammable oscillator

Note: If usersneed to dynamically change the frequency, they would need to modify the generated
control code themselves.
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Terasic TRS VL1.0.0 (=23
Alﬂig% . System Configuration
UNIVERSITY |hkdd Board Type: | TRE_A7 -
PROGRAM www. terasic.com —
Froject Mame:  TRA
CLOCK Switch x 4
[VILED x 4 [¥] Button x 4
[Vl Power Monitar [V] Temperature Sensor
[V SSRAM (2MB) [¥|Fan Control
[V] Flash (128MB) V] UART to USB
[¥] MicroSD Socket [V] Sk
[V|DDR3 SODIMM [¥] Sata Host
PCl Express Sata Device
(I CDCMB208 PLL V] LMK04096E PLL )
ﬂ:ocmazna Programmahle PLL \
FMCA_REFCLE_D: [100.0 + | MHZ
FMCO_REFCLK_0: |100.0 > | MHZ
SATA_HOST_REFCLK: [150.0 + | MHZ
SATA_DEWICE_REFCLK: [150.0 + | MHZ
PCIE_OB_REFCLK: |100.0 + | MHZ

133.333 - [MHZ
64453125  ~|MHZ

64453125  ~|MHZ
64453125  ~|MHZ

64453125  ~|MHZ /

DDR3_REFCLK:

LMKO4096E FLL
FrCA_REFCLE_1:

FMCE_REFCLE_D:
FMCC_REFCLE_D:
FMCD_REFCLE_1:

2x20 GPIO Expansion

GFIO Default -

Frefix Mame:

N,

FMC Expansion

s Ny ™
FMC-D HPC Altera FMC-A HPC Vita
FMC HPC - Altera Standard - |FMCHPC - VITA Standard -
Frefix Mame: 1 Frefix Mame: HPC
. LN S
1 N FMCBLPC N
FMC-C LPC Altera Vita
’ FMC LPC - Altera Standard - ] ’ FRC LPC - %ITA Standard -
Frefix Mame: LPC Frefix Mame: LFE
. S A
l Default Setting ] l Load Setting... ] l Sawve Setting... ] [ Generate... l l Exit ]

Figure 3-5 External Programmable PLLs

A Project Setting Management

The System Builder also providesnttions to restore default setting, loading a setting, and saving

userso

b oar @) file, anshawg in Figute i 3@.nUsers can save the current board

configuration information into afg file and loadtito theSystem Builder.

[¥asic
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Terasic TR5 V1.0.0 (=23
Mﬂ% . System Configuration
Universiy KaadasiC Board Type:  [TRE_A7 -
PROGRAM www. terasic.com
Frojact Mame:  TRE
CLOCK Switch x 4
[V|LEDx 4 [¥| Buttan x 4
[Vl Power Monitar [¥] Temperature Sensor
SSRAM (2MB) Fan Cantral
[VIFlash (128ME) [VIUART to USB
[¥| MicroSD Socket V] SMA
[¥| DDR:3 SODIMM [¥] Sata Host
PCl Exprass Sata Device
[VICDCMB208 PLL [V] LMKD4096E PLL
COCMBZ08 Programmable PLL
FriZA_REFCLE_D: |100.0 - | MHZ
FMCD_REFCLK_D: {1000 ~|MHZ
SATA_HOST_REFCLK: [150.0 - | MHZ
SATA_DEVICE_REFCLE: [150.0 - | MHZ
PCIE_OB_REFCLK: [100.0 ~|MHZ
DODR3_REFCLE: |133.333 - | MHZ
2x20 GPIO Expansion LiK040968 PLL
FrCA_REFCLE_T: 644531268 = | MHZ
GFID Default - FMCE_REFCLE_D: |B4453128 = | MHZ
Prrefix Marme: FMCC_REFCLE_D: (644531258 = | MHZ
FMCO_REFCLE_1: |B4453125 = |MHZ
FMC Expansion
™ ™
FMC-D HPC Altera FMC-A HPC Vita
FMC HPC- Altera Standard - |FMC HPC - VITA Standard -
Frefix Mame: HPC Frefix Mame: HPC
. LN S
( Y [ FMcBLPC A
FMC-C LPC Altera Vita
[FMC LPiC - altera Standard v] ’FMC LPC-ITA Standard -
Prefic Mame: LPC Prefic Mame: Ure
. S A
(DefaultSetting ] l Load Setting... ] l Sawve Setting...D Generate... ] [ Exit l

Figure 3-6 Project Settings

A Project Generation

When users press tii@eneratebutton, theSystem Builder will generate the corresponding Quartus
Il files and documents as listedtime Table 3-1 in the directory specified by the user.

Table 3-1 The files generated by System Builder

No. [Filename Description

1 <Project name>.v Top level Verilog file for Quartus Il

2 CDCM®6208_controller (*) CDCM6208 External PLL controller IP
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3 LMKO04096B_controller(*) LMKO04096B External PLL controller IP

4 <Project name>.qpf Quartus Il Project File

5 <Project name>.qsf Quartus Il Setting File

6 <Project name>.sdc Synopsis Design Constraints file for Quartus Il
7 <Project name>.htm Pin Assignment Document

(*) The CDCM6208 controller is a folder which contains the verilog files IBDCM6208
configuration

(*) The LMKO4096B controller is a folder which contanthe verilog files forLMK04096B
configuration

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

For CDCM6208 theController will be instantiated in the Quartus Il tigvel file as listed below:
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/!
// External PLL CDCM6208 Configuration
//

// Signal declarations

“define CDCME208_MODE_ 0 2'd0 //FMCA(100),FMCD(100), PCIE(100), SATA HOST (150),SATA DEVICE (150),DDR3(133.333)
*define CDCME208_MODE_1 /fFMCA(l25),FMCD(125),PCIE(lGO),SATA_HOST(lSO),SATA_DEVICE(lSO),DDR3(133.333)
*define CDCMEZ208_MODE_2 /fFMCA(lSO),FMCD(lSO),PCIE(lGO),SATA_HOST(lSO),SATA_DEVICE(lSO),DDR3(133.333)

[

“define CDCM6208 FMCA DISABLE BIT
‘define CDCM6208_FMCD DISABLE BIT
‘define CDCM6208_SATA HOST DISABLE_ BIT
‘define CDCM6208_SATA DEVICE_DISABLE_BIT
*define CDCM6208_ PCIE DISABLE BIT
*define CDCM6208_ DDR3_DISABLE BIT

wire cdcm6208_ freq select;
wire cdem6208_freq_disable;
wire cdem6208_reset_n;

wire cdcm6208_iZc_done;

// Structural coding
assign cdcmé208_reset_n = CPU_RESET n;
assign cdcm6208_ freq select = "CDCM&2Z08 MODE 1;
assign cdcm6208_freq disable = ¢'b00000C ;
IZ2C_CDCM6208_Config IZC_CDCMEZ08_Config inst(
.iCLK(0sSc_50_B3B), //S0MHZ
.iRST N(cdcmé&Z08_reset_n),

.1FREQ SELECT (cdcm&208 freqg select),
.1FREQ DISABLE (cdcm6208_freq disable),

// i2c
. IZC_SCLR (CLOCK_SCL) r
. 12C_SDAT (CLOCK_SDB) r

.I2C DONE (cdcm€208 iZc done)

For LMK04096B, theController will be instantiated in the Quartus Il igvel file as listed below:
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// Signal declarations

‘define FMCA 644MS3125 BIT 4 'hE //644.53125 MH=z
‘define FMCE_644MS53125 BIT //644.53125 MH=z
‘define FMCC_644M53125 BIT 4'h //644.53125 MH=z
‘define FMCD_644M53125 BIT 4'h4 //644.53125 MH=z
wire [2:0] Imk04506 freg select;

wire Imk04506 reset n;

wire 1mk04906_spi done;

// Structural coding

assign 1mk04506 reset n = CPU RESET n;

assign 1mk0450¢ freq select = "FMCA 644M33125 BIT;

|SPI_LMK04%06_ Config SPI_LMR04506_Config inst(
.clk50(0osc_50 B4R), //SOMHZ
.rst n(Imk04%0& reset n),
.iFREQ SELECT (1mk045%06 freg select),

// spi
.LMK04%06 CLK(LMK04906 CLK),
.LME(04%06 DATAIN(LMEK0O4506 DATAIN),
.ILMRK04906_LE (LMK04906 LE),
.SPI_DONE (1mk04%06_spi_done)

)

If dynamic configuratiorfor the oscillatoris required, users need to modify the
user s Obeldaos i r ed

[¥asic
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Chapter 4

Flash Programming

As you develop your owproject using the Altera tools, you can program the flagimory device

so that your own design loads from flash memory into the FPGpoarer up. This chapter will
describe how to use Altera Quartu®togrammer Tool tprogramthe common flash interface (CFI)
flash memory device on the FPGA boaftie Stratix V X GX FPGA development board ships with
the CFI flash devicepreprogrammed with a default factory FPGA configuration for running the
ParallelFlash Loadedesign example

4.1 CFI Flash Memory Map

Table 4-1 shows tle default memory contents @ailGb (L28VIB) CFI flashdevice.Theflash device
has a 1éit data busFor thefactory defaultcodeto run @rrectly and update designs in the user
memory, this memory map must not be altered

Table 4-1 Flash Memory Map (Byte Address)

Block Description Size(KB) Address Range

PFL option bits 64 0x00030000 *0x0003FFFF
Factory hardware 41984 0x00040000 +0x0293FFFF
User hardware 41984 0x02940000 +0x0523FFFF
Factory software 23424 0x05240000 *0x0691FFFF
User software and data 23424 0x06920000 +Ox07FFFFFF

For userapplication, user hardwarman be stored withstart addres®x0294000Q and the usés
software is suggested to be stored with start ad@e302000Q The Quartusll Programmer is
usedfor programming the flash. Befoprogrammingusers need toundletheir .soffiles andNIOS
Il .elf files togethe and then convert thermmto the .pof file which is used by the&Convert
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