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Chapter 1

Overview

This chapteprovides an overview of tHeE5-Net Development Board andstallation guide

1.1 General Description

The TerasidE5-Net Stratix V GX FPGA Development Kit provides the ideal hardware solution
for designs that demand higtapaciy and bandwidth memory interfacing,ultraslow latency
communication, ancgower efficiency With a full-height, 3/4-length formfactor packagethe
DE5-Net is designed for the most demanding higihd applications, empowered with the
top-of-thelline Altera Jratix V GX, delivering the best systelavel integration and flexibility in
the industry.

The Stratix® V GX FPGA features integrated transceivers that transfer at a masfid@15Gbps,
allowing theDE5-Netto be fully compliant with version 3.0 of thCI Express standard, as well as
allowing an ultra lowlatercy, straight connections four external 10G SFP+ modules. Not relying

on an external PHY will accelerate mainstream development of network applications enabling
customers to deploy designs fobrad range of higepeed connectivity applicatioriSor designs

that demand high capacity and high speed for memory and storadp 3Héet delivers withtwo
independent banks of DDRSO-DIMM RAM, four independent banks of QDRIISRAM,
high-speedparalkel flash memory and four SATA ports. The featuset of theDE5-Net fully
supports k high-intensity applications such aslow-latency trading, cloud computing,
high-performance computinglata acquisition, network processing, and signal processing.

aslC| DE5-NetUser Manual www.terasic.com
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1.2 Key Features

The following hardware is implemented theDE5-Netboard:

A FPGA
Altera Stratix® V GX FPGASSGXEA7N2F45C?

>

FPGA Configuration
On-Board USB Blaster Il or JTAG header FPGAprogramming
Fast passive parallel (FRB2) configuration via MAX 1| CPLD and flash memory

>

General user input/output:
10LEDs

4 pushbuttons

4 slide switches

2 seversegment displays

>

Clock System

50MHz Oscillator

Programmable odtatorsSi570,CDCM6100 and CDCM610@
OneSMA connector for external clock input

OneSMA connetor for clock output

>

Memory

DDR3 SGDIMM SDRAM
QDRI+ SRAM

FLASH

>

Communication Ports

Four SFP+connectors

Two Serial ATAhostports

Two Serial ATAdeviceports

PCI ExpresgPCle)x8 edgeconnector

One RS422ransceivewith RJ45connector

aslC| DE5-NetUser Manual www.terasic.com
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>

System Manitor and Control
Temperature sensor
Fancontrol

>

Power
PCI Express in power connector, 12V DC Input
PCI Express edge connector power

>

Mechanical Specification
PCI Expres full-heightand3/4-length

1.3 Block Diagram

Figure 1-1 shows the block diagram of tiEE5-Netboard.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
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<Transcelver Link >

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

SRAM A SRAM B

]%18 IX18 1%18 ]%18
DDR3 SO-DIMM PhGZR : -
SDRAM A
DDR3 SO-DIMM [PRZR t]
SDRAM B £AN

Flash Memory lX32I W
(Two Chips)

USB BlasterII

SFP+ x4

PIRCEN
Connector

Switch x4 ‘ ,

Button x4 " RJ45

LED x10 - : e Connector
7-Segment x2

Figure 1-1 Block diagram of the DE5-Net board

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

Stratix V GX FPGA

5SGXEA7TN2F45C2

622000 logic elementd_Es)
50-Mbits embedded memory
48 transceivers (12.5Gbps)
51218-bit x 18-bit multipliers
256 27bit x 27-bit DSP blocks
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2 PCI Express hard IP blocks
840user I/0Os

210 full-duplex LVDS channels
28 phase locked loops (PLLs)

JTAG Header and FPGAConfigurati on

On-boardUSB Blaster llor JTAG headefor use with the Quartus PrinlRrogrammer
MAXII CPLD EPM2210 System Controller and Fast Passive Parallel (FPP) configuration

Memory devices

32MB QDRI+ SRAM
Up to 8GB DDR3 S&DIMM SDRAM
256MB FLASH

General user I/O

10user controllable LEDs
4 user push buttons
4 userslide switches
2 sevensegment displays

On-Board Clock

50MHz oscillator
Programming PLL providing clock for 10G SFP+ transceiver
Programming PLIprovidingclock for SATA or 1G SFP+ transceiver

5
5

5

Four Sernal ATA ports

SATA 3.0 standarat 6Gbpssignaling rate
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Four SFP+ports

Four SFP+ connector (10 Gbps+)

PCI Express x8 edge connector

Supportfor PCle Gen1/2/3
Edge connectdior PC motherboard with x8 or x16 PCI Express slot

Power Source

PCI Express 4in DC 12V power
PCI Express edge connector power
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Chapter 2

Board Components

This chapteintroduces all the importacbmponent®n theDE5-Net

2.1 Board Overview

Figure 2-1 is the top and bottom view of tHBE5-Net dewelopmentboard. 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

7 Segment DDR3 SATA SATA DDR3
Display SO-DIMM Slot Host Ports QDRII" SRAM Device Ports SO-DIMM Slot

USB Blaster || s,
12V Power
Display LEDs Supply
Connector
4 User LEDs
RS422 (RJ45)
4 User Switches
256MB Flash
Altera Stratix V GX
5SGXEA7N2F45C2
4 SFP* Ports Factory/
User Load Dip Switch
CDCM61004
Programmable Oscillator
JTAG Header
PCI Express MAX_RST Button
x8 Edge Connector CPU_RST Button
SMA Clock /0 Push-Buttons QDRII* SRAM  FPGA Mode 12v
Select Dip Switch Fan Connector

Figure 2-1 FPGA Board (Top)
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Si570 Programmable Oscillator

Temperature Sensor CDCM61001 Programmable Oscillator |

Figure 2-2 FPGA Board (Bottom)

2.2 Configuration, Status and Setup

A Configure
The FPGA board supports two configuration methods for the Stratix V FPGA:

Configurethe FPGA using then-boardUSB-Blasterll.
Flash memoryconfiguration ofthe FPGA using stored images fronetlash memory on
powerup.

For programming by oboard USBBlaster Il, the followingprocedureshow how todownload a
configuration bit stream into the StratixGX FPGA:

Make sure that power is provided to tHeGAboard

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

Il driver is installed on PC.

LaunchQuartus Primg@rogrammer and make sure the UBBster Il is detected.

In Quartus Primérogrammer, add the configuration bit stream file (.sof), check the associated
fiProgram/Configur@item, and clickiStarb to startFPGA programming.
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A Status LED

The FPGA Boarddevelopment board includé®ardspecificstatus LEDgo0 indicae board status
Please refer toable 2-1 for thedescriptionof the LED indicator.

Table 2-1 StatusLED

Board o
LED Name Description

Reference

D2 12-V Power llluminates 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.

D15 CONF DONE .
Driven by the MAX Il CPLD EPM2210 System Controller.
llluminates when the MAX Il CPLD EPM2210 System

D16 Loading Controller is actively configuring the FPGA. Driven by the

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

llluminates when the MAX Il CPLD EPM2210 System

D17 Error Controller fails to configure the FPGA. Driven by the MAX I
CPLD EPM2210 System Controller.

llluminates when FPGA is configured by the factory

D18 PAGE . . .
configuration bit stream.

A SetupPCI Express Control DIP switch

The PCI Express Control DIP switcfSW7) is provided to enable or disable different
configurations of the PCle Connectdrble 2-2 lists the switch controls and description.

Table 2-2 SW3 PCle Control DIP Switch
Board

Signal Name Description Default
Reference
On : Enable x1 detect
SW7.1 PCIE_PRSNT2n_x1 fl : Enabie X= presence cetec off
Off: Disable x1 presence detect
On : Enable x4 detect
SW7.2 PCIE_PRSNT2n_x4 - ENAIE XA presence aetec Off
Off: Disable x4 presence detect
On : Enable x8 presence detect
SW7.3 PCIE_PRSNT2n_x8 _ P On
Off: Disable x8 presence detect
12 :
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A Setup Configure ModeControl DIP switch

The Configure ModeControl DIP switch(SW6) is provided tospecify theconfigurationmode of
the FPGA As currently only one mode is supported, please set all pas@agshown ir-igure 2-3.

ON
1 2 3 4 5

MSEL[0.4]

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

A Select Flash Image for Configuration

Thelmage SelecDIP switch(SW5) is provided tospecify theimage for configuation of the FPGA
Setting Position 2 of SW/to high (right) specifies the default factory image to be loaded, as shown

in Figure 2-4. Setting Position 2 of SW5 tlow (left) specifies thdDE5-Netto load a usedefined
image, as shown iRigure 2-5.
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Figure 2-5 2-position DIP switch for Image Select i User Image Load

2.3 General User Input/Output

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

A User DefinedPush-buttons

TheFPGAboard include$our user defineghushbuttors that allowusergo inteiact with the Stratix

V GX device.Each pustbutton provides a high logic level or a low logic level when it is not
pressed or pressed, respectivelyble 2-3 lists the board references, signal names and their
corresponding Stratix V GX device pin numbers.

Table 2-3 Push-button Pin Assignments, SchematiSignal Names, and Functions

Board Schematic o /10 Stratix V GX
. Description .
Reference Signal Name Standard |Pin Number
14 .
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PB6 BUTTONO High Logic Level when the buttonis  [2.5-V PIN_AK15
PB5 BUTTON1 not pressed 2.5-V PIN_AK14
PB4 BUTTON2 2.5-V PIN_AL14
PB3 BUTTON3 2.5-V PIN_AL15

A UserDefined SlideSwitch

There ardour slide switches on thlePGAboard to provide adddgnal FPGA input control. When a
slide switch is in th&®OWN position or thdJPPERposition, it prowdes a low logic levebr a high
logic level to the Stratix V GX FPGAgspectivelyas shown irrigure 2-6.

Figure 2-6 4 Slide switches

Table 2-4 lists the signal names and their corresponding Stratix V GX device pin numbers.

Table 2-4 Slide Switch Pin Assignments, Schematic Signal Names, and Functions

Board Schematic o /0 Stratix V GX
. Description .
Reference Sighal Name Standard Pin Number
SWO0 SWO0 High logic level when SW in the UPPER (1.8-V PIN_B25
SWi1 Swi1 position. 1.8-V PIN_A25
SW2 SW2 1.8-V PIN_B23
15 .
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SW3 SW3 1.8-V PIN_A23

A UserDefined LEDs

The FPGAboard consists af0 usercontrollable LEDs to allow status and debugging signals to be
driven to the LEI3 from the designs loaded into the Stratix V GX device. Each LED emiri
directly by the Stratix V GX FPGA. The LED is turned on or off when the associated pins are
driven to a low or high logic level, respectively. A list of the pin names on the FPGA that are
connected to the LEDs is giveniable 2-5.

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

Board Schematic L I/O Stratix V GX
) Description )
Reference |Signal Name Standard |[Pin Number
D8 LEDO Driving alogic 0 on the I/O port turns the LED [2.5-V PIN_AW37
D9 LED1 ON. 2.5-V PIN_AV37
D10 LED2 Driving a logic 1 on the I/O port turns the LED |2 5-v PIN_BB36
D11 LED3 OFF. 25V  [PIN_BB39
D7-1 LED_BRACKETO 2.5-V PIN_AH15
D7-3 LED_BRACKET1 2.5-V PIN_AH13
D7-5 LED_BRACKET?2 2.5-V PIN_AJ13
D7-7 LED_BRACKETS3 2.5-V PIN_AJ14
J8-10 LED _RJ45 L 2.5-V PIN_AG15
J8-12 LED _RJ45 R 2.5-V PIN_AG16

A 7-Segment Displays

The FPGA board has two -Begment displays. As indicated in the schemati€ifqure 2-7, the
seven segments are connected to pinkettratixXV GX FPGA. Applying a low or high logic level
to asegmentill turn it onor turn it off, respectively.

Each segment in a display is identified by an index listed froan60with the positions given in
Figure 2-8. In addition, the decimal point is identified as DRole 2-6 shows the mapping of the
FPGA pin assignments to theségment diplays

16 :
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x

VCC2P5

AEIEA o HEX2 7-Segment Display
StratixV
GX

VYVVVYYVYY

O
TO®TMMOO W >

VCC2P5

VVVVYVvVYVYYY

7-Segment Display

Figure 2-7 Connection between 7-segment displays and Stratix V GX FPGA

Figure 2-8 Position and index of each segment in a 7-segment display

Table 2-6 User LEDs Pin Assignments, Schematic Signal Names, and Functions

Schematic .
Board . o 110 Stratix V GX

Signal Description .
Reference Standard |Pin Number

Name
HEX1 HEX1 DO |User-Defined 7-Segment Display. Driving logic 0 on [1.5-V PIN_H18
HEX1 HEX1 D1 [the I/O port turns the 7-segment signal ON. Driving  |1.5-V PIN_G16
HEX1 HEX1 D2 |logic 1 on the I/O port turns the 7-segment signal 1.5-V PIN_F16
HEX1 HEX1_D3 [OFF 1.5-V PIN_A7
HEX1 HEX1_D4 1.5-V PIN_B7
HEX1 HEX1_D5 1.5-V PIN_C9
HEX1 HEX1_D6 1.5-V PIN_D10

17 .
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HEX1 HEX1_DP 1.5-V PIN_E9

HEXO HEXO0_DO 1.5-V PIN_G8
HEXO HEXO_D1 1.5-V PIN_H8
HEXO HEXO0_D2 1.5-V PIN_J9
HEXO HEXO_D3 1.5-V PIN_K10
HEXO HEXO0_D4 1.5-V PIN_K8
HEXO HEXO_D5 1.5-V PIN_K9
HEXO HEXO0_D6 1.5-V PIN_N8
HEXO HEXO_DP 1.5-V PIN_P8

2.4 Temperature Sensor and Fan Control

The FPGA boardis equipped with a temperature senddAX1619, which provides temperature
sensing and oveaemperature alert. These functions are accomplished by connetteng
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 FP®Aaddition, the 7bit POR slave
address for this sensor is set to 00011000bd.

An optional3-pin +12V fan located onl’ of theFPGAboard is intended to reduce the temperature
of the FPGA.Users can controthe fan to turn on/off dependingon the measucke system
temperatureTheFAN is turned on when theAN_CTRLpin is driven to a high logic level.

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

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

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

Signal Name Number

Positi i of . .
TEMPDIODED osn.lve pin of temperature diode in 18V PIN P6

Stratix V -
T EMPDIODER Nega.t|ve pin of temperature diode in 18V PIN P7

Stratix V -
TEMP_CLK SMBus clock 2.5-V PIN_D21
TEMP_DATAT SMBus data 2.5-V PIN_D20
TEMP_OVERT_n SMBus alert (interrupt) 2.5-V PIN_C22
TEMP_INT_n SMBus alert (interrupt) 2.5-V PIN_C21
FAN_CTRL Fan control 2.5-V PIN_AR32

18 :
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2.5 Clock Circuit

The development board includes one 50 MHz and thagrammable oscillatorsigure 2-9
shows the default frequenciesarfboardall externalclocks going to the Stiia V GX FPGA The
figures also show an cthoard external clock from PCI Express Host to the FPGA.

25 MHz 25 MHz
/’\;) /~>
CDCM61004 CDCM61001

N
I
=
o
0
i

[

o
[Te)
~

SATA_DEVICE_REFCLK

50 MHz

0SC_50_B8D
0SC_50_B7D
0SC_50_B7A

&

A

l

. 0SC_50_B8A
F

QL3 QR3

SATA_HOST REFCLK

QL2 QR2

QL1 QR1

SFP1G_REFCLK

PCIE_REFCLK
= SFP_REFCLK

Eammee— QLO

<&
<
&
<

SMA_CLKIN

©

© |« SMACLKOUT

E

OSC_50_B3B
0OSC_50_B3D
OSC_50_B4D
OSC_50_B4A

Figure 2-9 Clock circuit of the FPGA Board

A clock buffer is used to duplicatee 50 MHz oscillator, so each bank of FPGA 1/0 b&i4/7/8
has two clock inputs. The three programming oscillatordoavgitter oscillators which are used to
provide specialand high quality cloclsignalsfor high-speedtransceiversFigure 2-10 shows the
contrd circuits of programmable oscillator§he clock generator controller ithe MAX 1| CPLD
can be used to program t@DCM61001 and CDCM61004 to generate EthernetSFP+and
SATA reference clocks respectively. The Si570 programmable clock generator rianpmoedvia
an 12C serial interfacto generate the 10GthernetSFP+ reference clockwo SMA connectors
provideexternal clock inpuandclock outputrespectively.
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_

CLOCK_SCLT ICLOCK_SDA

PLL_SCL

Clock
Generator
Controller

PLL_SDA

Figure 2-10 Control circuits of Programmable Oscillators

Table 2-8 lists theclock source signal namesdefaultfrequencyand their corresponding Stratix V
GX device pin numbers.

Table 2-8 Clock Source, Sgnal Name, DefaultFrequency, Pin Assignments and Functions

Schematic Default Stratix V GX Pin .
Source ) I/0 Standard Application
Signal Name Frequency Number
OSC_50 B3B 2.5-V PIN_AW35
OSC_50_B3D 1.8-V PIN_BC28
OSC_50_B4A 1.8-V PIN_AP10
OSC_50_B4D 1.8-V PIN_AY18
Y4 - 50.0 MHz =
OSC_50 B7A 1.5-V PIN_M8
OSC_50_B7D 1.5-V PIN_J18
OSC_50_B8A 1.5-V PIN_R36
OSC_50_B8D 1.8-V PIN_R25
313 SMA_CLKIN User 2.5V pIN_BB33 | ernal Clock
Defined Input
User
J14 SMA_CLKOUT . 2.5V PIN_AV34 Clock Output
Defined
u49 SFP_REFCLK _p 100.0 MHz LVDS PIN_AK7 10G SFP+
U53 SFP1G_REFCLK_p 125.0 MHz [LVDS PIN_AH6 1G SFP+
u28 SATA_HOST_REFCLK_p |125.0 MHz [LVDS PIN_V6 SATA HOST
u28 SATA_DEVICE_REFCLK_p|125.0 MHz LVDS PIN_V39 SATA DEVICE
20 .
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J17 PCIE_REFCLK_p From Host LVDS PIN_AK38 PCI Express

Table 2-9 lists the programmable oscillator control pinsignal namesl/O standardand their
corresponding Stratix V GX device pin numbers.

Table 2-9 Programmable oscillator control pin, Signal Name, 1/0 standardPin Assignments
and Descriptions

ProgrammablelSchematic Stratix V GX Pin o

i ] I/O Standard Description
Oscillator Signal Name Number
Si570 CLOCK_SCL 2.5-V PIN_AE15 12C bus, direct
(U49) CLOCK_SDA 2.5-V PIN_AE16 connected with Si570
CDCM61001 |PLL_SCL 2.5-V PIN_AF32 I2C bus, connected
(U53) PLL_SDA 2.5-V PIN_AG32 with MAX Il CPLD
CDCM61004 |PLL_SCL 2.5-V PIN_AF32 I2C bus, connected
(U28) PLL_SDA 2.5-V PIN_AG32 with MAX Il CPLD

2.6 RS-422 Serial Port

The RS422 is designed to perforoommunicatiorbetween boardsallowing a transmissiospeed

of up to 20 Mbps.Figure 2-11 showsthe RS422 block diagramof the developmenboard. The
full-duplex LTC2855 is used to translate the-422 signal, and the RJ45 is used as an external
connector for the R822 signal.
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LTC2855
Voo

RS422_RE_n

k —_—r e o’
A RE SLEEP/SHUTDOWN
‘ RS422_DE - LOGIC AND DELAY
‘ RS422 TE
Alm , RS422_DIN
. < = ro[ 1

e RJ45

Connector

@atl—xv
GXx

Z(15kV)

H
:]; Y (15kV)
L

RS422 DOUT [

Figure 2-11 Block Diagram of RS-422

Table 2-10lists the R$422pin assignments, signal names and functions.

Table 2-10 RS-422 Pin Assignments, Schematic Signal Names, and Functions

Schematic o Stratix V GX Pin
) Description I/O Standard
Signal Name Number

Driver Enable. A high on DE enables
the driver. A low input will force the

RS422 DE ) . L PIN AG14
- driver outputs into a high impedance -
state.
Receiver Output. The data is send to
RS422 DIN v utpu ! PIN AE18
- FPGA. -
Driver Input. The data is sent from
RS422_DOUT 'verinpu ! PIN_AE17
FPGA.
Receiver Enable. A low enables the 2.5V
receiver. A high input forces the
RS422 RE n v 'gh Inpu PIN_AF17

receiver output into a high impedance
state.

Internal Termination Resistance

Enable. A high input will connect a
RS422_TE PIN_AF16

termination resistor (120q typical)

between pins A and B.

2.7 FLASH Memory

The development board has t&@b CFIl-compatible synchronous flash desder nonvolatile
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storage of FPGA configuration dateserapplicationdata, and user code space.

Each interface has a it data bus and the two devices combined allow for ¥FZRconfiguration.

This device is part of the shared flash and MAX (FM) bus, wbainects to the flash memory and

MAX 1l CPLD (EPM2210)System Controller-igure 2-12 shows the connections between the
Flash, MAXand Stratix V GXFPGA

(S;aﬂté("(lf

Chip Select

Data x16

Address &
Command

Data x16

Chip Select

! Flash x32

Flash x16

Figure 2-12 Connection between the Flash, Max and Stratix V GX FPGA

Table 2-11 liststhe flash pin assignments, signal names, and functions.

Table 2-11 Flash Memory Pin Assignments, Schematic Signal Names, and Functions

Schematic

Stratix V GX Pin

) Description I/0 Standard

Signal Name Number

FSM_AO Address bus 2.5-V PIN_AU32
FSM_A1 Address bus 2.5-V PIN_AH30
FSM_A2 Address bus 2.5-V PIN_AJ30
FSM_A3 Address bus 2.5-V PIN_AH31
FSM_A4 Address bus 2.5-V PIN_AK30
FSM_A5 Address bus 2.5-V PIN_AJ32
FSM_A6 Address bus 2.5-V PIN_AG33
FSM_A7 Address bus 2.5-V PIN_AL30
FSM_A8 Address bus 2.5-V PIN_AK33
FSM_A9 Address bus 2.5-V PIN_AJ33
FSM_A10 Address bus 2.5-V PIN_AN30
FSM_A11 Address bus 2.5-V PIN_AH33
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FSM_A12 Address bus 2.5-V PIN_AK32
FSM_A13 Address bus 2.5-V PIN_AM32
FSM_Al14 Address bus 2.5-V PIN_AM31
FSM_A15 Address bus 2.5-V PIN_AL31
FSM_A16 Address bus 2.5-V PIN_ANS33
FSM_A17 Address bus 2.5-V PIN_AP33
FSM_A18 Address bus 2.5-V PIN_AT32
FSM_A19 Address bus 2.5-V PIN_AT29
FSM_A20 Address bus 2.5-V PIN_AP31
FSM_A21 Address bus 2.5-V PIN_AR30
FSM_A22 Address bus 2.5-V PIN_AU30
FSM_A23 Address bus 2.5-V PIN_AJ31
FSM_A24 Address bus 2.5-V PIN_AP30
FSM_A25 Address bus 2.5-V PIN_AN31
FSM_A26 Address bus 2.5-V PIN_AT30
FSM_DO Data bus 2.5-V PIN_AG26
FSM_D1 Data bus 2.5-V PIN_AD33
FSM_D2 Data bus 2.5-V PIN_AE34
FSM_D3 Data bus 2.5-V PIN_AF31
FSM_D4 Data bus 2.5-V PIN_AG28
FSM_D5 Data bus 2.5-V PIN_AG30
FSM_D6 Data bus 2.5-V PIN_AF29
FSM_D7 Data bus 2.5-V PIN_AE?29
FSM_D8 Data bus 2.5-V PIN_AG25
FSM_D9 Data bus 2.5-V PIN_AF34
FSM_D10 Data bus 2.5-V PIN_AE33
FSM_D11 Data bus 2.5-V PIN_AE31
FSM_D12 Data bus 2.5-V PIN_AF28
FSM_D13 Data bus 2.5-V PIN_AE30
FSM_D14 Data bus 2.5-V PIN_AG29
FSM_D15 Data bus 2.5-V PIN_AG27
FSM_D16 Data bus 2.5-V PIN_AP28
FSM_D17 Data bus 2.5-V PIN_AN28
FSM_D18 Data bus 2.5-V PIN_AU31
FSM_D19 Data bus 2.5-V PIN_AW32
FSM_D20 Data bus 2.5-V PIN_BD32
FSM_D21 Data bus 2.5-V PIN_AY31
FSM_D22 Data bus 2.5-V PIN_BA30
FSM_D23 Data bus 2.5-V PIN_BB30
FSM_D24 Data bus 2.5-V PIN_AM29
FSM_D25 Data bus 2.5-V PIN_AR29
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FSM_D26 Data bus

FSM_D27 Data bus

FSM_D28 Data bus

FSM_D29 Data bus

FSM_D30 Data bus

FSM_D31 Data bus

FLASH_CLK Clock

FLASH_RESET n Reset

FLASH_CE_n][0] Chip enable of of flash-0
FLASH_CE_n[1] Chip enable of of flash-1
FLASH_OE_n Output enable
FLASH_WE_n Write enable
FLASH_ADV_n Address valid

FLASH_RDY_BSY_n[0]|Ready of flash-0
FLASH_RDY_BSY_n[1]|Ready of flash-1

2.8 DDR3 SO-DIMM

2.5-V
2.5-V
2.5-V
2.5-V
2.5-V
2.5-V

2.5-V
2.5-V
2.5-V
2.5-V
2.5-V
2.5-V
2.5-V
2.5-V
2.5-V

PIN_AV31
PIN_AV32

PIN_BC31
PIN_AW30
PIN_BC32

PIN_BD31

PIN_AL29
PIN_AE28
PIN_AE27
PIN_BA31
PIN_AY30
PIN_AR31
PIN_AK29
PIN_BA29
PIN_BB32

The development board supports twalependentbanks of DDR3 SDRAM SGDIMM. Each
DDR3 SODIMM socket is wired to suppba maximum capacity d3GB with a 64bit data bus
Using differential DQS signaling for the DIBRSDRAM interfaces, it is capable of runningugt to
800MHz memory clockfor a maximum theoretical bandwidthp t095.4Gbps Figure 2-13 shows
the connections between the DBERDRAM SOGDIMMs and Stratix V GXFPGA

aslC| DE5-NetUser Manual 25

www.terasic.com

www.terasic.com

June 20, 2018


http://www.terasic.com/
http://www.terasic.com/

DDR3 SO-DIMM-A

DDR3A_SA[1...0]
DDR3A_CLK_p[1...0]
DDR3A_CLK_n[1...0]
DDR3A_BA[2...0]
DDR3A_ODT[1...0]
DDR3A_CS_n[1...0]

DDDR3A_DQ[63...0]
DDR3A_DQS_pl[7...0]
DDR3A_DQS_n[7...0]
DDR3A_A[15...0]
DDR3A_DM[7...0]
DDR3A_CKE[1...0]

I

VYVVYVVY VYVYVYYY YyYVYVYVYYVYY

DDR3A_WE_n
DDR3A_CAS_n
= DDR3A_RAS n
. < DDR3A_SDA
- < DDR3A_SCL
@;tg;V DDR3A_RESET n

DDR3A_EVENT_n

A

’ DDR3 SO-DIMM-B
DDR3B_SA[1..0]
DDR3B_CLK_p[1...0]
DDR3B_CLK_n[1...0]
DDR3B_BA[2...0]
DDR3B_ODT[1...0]
DDR3B_CS_n[1..0]

A Hllll

VYVVVYYVYY

DDR3B_DQ[63...0]
DDR3B_DQS_p[7...0]
DDR3B_DQS_n[7...0]
DDR3B_A[15...0]
DDR3B_DM([7...0]
DDR3B_CKE[1...0]

AAAAAI

DDR3B_WE_n
DDR3B_CAS_n
DDR3B_RAS_n
DDR3B_SDA
DDR3B_SCL
DDR3B_RESET n
DDR3B_EVENT n

VVVVYYY

Figure 2-13 Connection between the DDR3 and Stratix V GX FPGA

The pin assignmenfer DDR3 SDRAM SGDIMM Bank-A and BankB are listed inTable 2-12
andTable 2-13, in respectively

Table 2-12 DDR3-A Bank Pin Assignments, Schmatic Signal Names, and Functions

Schematic _ Stratix V GX Pin
. Description I/0 Standard

Signal Name Number
DDR3A_DQO Data [0] SSTL-15 Class | PIN_A35
DDR3A_DQ1 Data [1] SSTL-15 Class | PIN_A34
DDR3A_DQ2 Data [2] SSTL-15 Class | PIN_D36
DDR3A_DQ3 Data [3] SSTL-15 Class | PIN_C33
DDR3A_DQ4 Data [4] SSTL-15 Class | PIN_B32
DDR3A_DQ5 Data [5] SSTL-15 Class | PIN_D35
DDR3A_DQ6 Data [6] SSTL-15 Class | PIN_D33
DDR3A_DQ7 Data [7] SSTL-15 Class | PIN_E33
DDR3A_DQ8 Data [8] SSTL-15 Class | PIN_A32
DDR3A_DQ9 Data [9] SSTL-15 Class | PIN_A31
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DDR3A_DQ10 Data [10] SSTL-15 Class | PIN_C30
DDR3A_DQ11 Data [11] SSTL-15 Class | PIN_D30
DDR3A_DQ12 Data [12] SSTL-15 Class | PIN_B29
DDR3A_DQ13 Data [13] SSTL-15 Class | PIN_E30
DDR3A_DQ14 Data [14] SSTL-15 Class | PIN_F31
DDR3A_DQ15 Data [15] SSTL-15 Class | PIN_G31
DDR3A_DQ16 Data [16] SSTL-15 Class | PIN_F35
DDR3A_DQ17 Data [17] SSTL-15 Class | PIN_G34
DDR3A_DQ18 Data [18] SSTL-15 Class | PIN_J33
DDR3A_DQ19 Data [19] SSTL-15 Class | PIN_J34
DDR3A_DQ20 Data [20] SSTL-15 Class | PIN_F34
DDR3A_DQ21 Data [21] SSTL-15 Class | PIN_E35
DDR3A_DQ22 Data [22] SSTL-15 Class | PIN_J31
DDR3A_DQ23 Data [23] SSTL-15 Class | PIN_K31
DDR3A_DQ24 Data [24] SSTL-15 Class | PIN_P34
DDR3A_DQ25 Data [25] SSTL-15 Class | PIN_R33
DDR3A_DQ26 Data [26] SSTL-15 Class | PIN_M34
DDR3A_DQ27 Data [27] SSTL-15 Class | PIN_L33
DDR3A_DQ28 Data [28] SSTL-15 Class | PIN_R34
DDR3A_DQ29 Data [29] SSTL-15 Class | PIN_T34
DDR3A_DQ30 Data [30] SSTL-15 Class | PIN_W34
DDR3A_DQ31 Data [31] SSTL-15 Class | PIN_V35
DDR3A_DQ32 Data [32] SSTL-15 Class | PIN_P33
DDR3A_DQ33 Data [33] SSTL-15 Class | PIN_P32
DDR3A_DQ34 Data [34] SSTL-15 Class | PIN_V33
DDR3A_DQ35 Data [35] SSTL-15 Class | PIN_V34
DDR3A_DQ36 Data [36] SSTL-15 Class | PIN_N31
DDR3A_DQ37 Data [37] SSTL-15 Class | PIN_M31
DDR3A_DQ38 Data [38] SSTL-15 Class | PIN_U32
DDR3A_DQ39 Data [39] SSTL-15 Class | PIN_U33
DDR3A_DQ40 Data [40] SSTL-15 Class | PIN_R31
DDR3A_DQ41 Data [41] SSTL-15 Class | PIN_W31
DDR3A_DQ42 Data [42] SSTL-15 Class | PIN_U30
DDR3A_DQ43 Data [43] SSTL-15 Class | PIN_P31
DDR3A_DQ44 Data [44] SSTL-15 Class | PIN_T31
DDR3A_DQ45 Data [45] SSTL-15 Class | PIN_Y32
DDR3A_DQ46 Data [46] SSTL-15 Class | PIN_T29
DDR3A_DQ47 Data [47] SSTL-15 Class | PIN_P30
DDR3A_DQ48 Data [48] SSTL-15 Class | PIN_H32
DDR3A_DQ49 Data [49] SSTL-15 Class | PIN_H31
DDR3A_DQ50 Data [50] SSTL-15 Class | PIN_L30
DDR3A_DQ51 Data [51] SSTL-15 Class | PIN_L29
DDR3A_DQ52 Data [52] SSTL-15 Class | PIN_F32
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DDR3A_DQ53 Data [53] SSTL-15 Class | PIN_G32

DDR3A_DQ54 Data [54] SSTL-15 Class | PIN_M30
DDR3A_DQ55 Data [55] SSTL-15 Class | PIN_N29
DDR3A_DQ56 Data [56] SSTL-15 Class | PIN_U29
DDR3A_DQ57 Data [57] SSTL-15 Class | PIN_V28
DDR3A_DQ58 Data [58] SSTL-15 Class | PIN_Y28
DDR3A_DQ59 Data [59] SSTL-15 Class | PIN_W29
DDR3A_DQ60 Data [60] SSTL-15 Class | PIN_V30
DDR3A_DQ61 Data [61] SSTL-15 Class | PIN_V29
DDR3A_DQ62 Data [62] SSTL-15 Class | PIN_W28
DDR3A_DQ63 Data [63] SSTL-15 Class | PIN_Y27
DDR3A_DQSO0 Data Strobe p[0] Differential 1.5-V SSTL Class | |PIN_C34
DDR3A_DQS n0O |Data Strobe n[0] Differential 1.5-V SSTL Class | |PIN_B34
DDR3A_DQS1 Data Strobe p[1] Differential 1.5-V SSTL Class | |PIN_C31
DDR3A_DQS nl1 |Data Strobe n[1] Differential 1.5-V SSTL Class | |PIN_B31
DDR3A_DQS2 Data Strobe p[2] Differential 1.5-V SSTL Class | |PIN_H35
DDR3A_DQS n2 |Data Strobe n[2] Differential 1.5-V SSTL Class | |PIN_G35
DDR3A_DQS3 Data Strobe p[3] Differential 1.5-V SSTL Class | |PIN_U35
DDR3A_DQS n3 |Data Strobe n[4] Differential 1.5-V SSTL Class | |PIN_T35

DDR3A_DQS4 Data Strobe p[4] Differential 1.5-V SSTL Class | |PIN_T33

DDR3A_DQS n4 |Data Strobe n[4] Differential 1.5-V SSTL Class | |PIN_T32

DDR3A_DQS5 Data Strobe p[5] Differential 1.5-V SSTL Class | |PIN_T30

DDR3A_DQS _n5 |Data Strobe n[5] Differential 1.5-V SSTL Class | |PIN_R30
DDR3A_DQS6 Data Strobe p[6] Differential 1.5-V SSTL Class | |PIN_J30

DDR3A_DQS n6 |Data Strobe n[6] Differential 1.5-V SSTL Class | |PIN_H30
DDR3A_DQS7 Data Strobe p[7] Differential 1.5-V SSTL Class | |PIN_Y30
DDR3A_DQS n7 |Data Strobe n[7] Differential 1.5-V SSTL Class | |PIN_Y29
DDR3A_DMO Data Mask [0] SSTL-15 Class | PIN_C36
DDR3A_DM1 Data Mask [1] SSTL-15 Class | PIN_E32
DDR3A_DM?2 Data Mask [2] SSTL-15 Class | PIN_H34
DDR3A_DM3 Data Mask [3] SSTL-15 Class | PIN_L32

DDR3A_DM4 Data Mask [4] SSTL-15 Class | PIN_N32
DDR3A_DM5 Data Mask [5] SSTL-15 Class | PIN_W32
DDR3A_DM6 Data Mask [6] SSTL-15 Class | PIN_K30
DDR3A_DM7 Data Mask [7] SSTL-15 Class | PIN_T28

DDR3A_AO Address [0] SSTL-15 Class | PIN_M39
DDR3A_A1 Address [1] SSTL-15 Class | PIN_L35

DDR3A_A2 Address [2] SSTL-15 Class | PIN_N38
DDR3A_A3 Address [3] SSTL-15 Class | PIN_L36

DDR3A_A4 Address [4] SSTL-15 Class | PIN_H36
DDR3A_A5 Address [5] SSTL-15 Class | PIN_K29
DDR3A_A6 Address [6] SSTL-15 Class | PIN_D37
DDR3A_A7 Address [7] SSTL-15 Class | PIN_K35
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DDR3A_A8 Address [8] SSTL-15 Class | PIN_K32
DDR3A_A9 Address [9] SSTL-15 Class | PIN_K37
DDR3A_A10 Address [10] SSTL-15 Class | PIN_M38
DDR3A_A11 Address [11] SSTL-15 Class | PIN_C37
DDR3A_Al12 Address [12] SSTL-15 Class | PIN_K36
DDR3A_A13 Address [13] SSTL-15 Class | PIN_M33
DDR3A_A14 Address [14] SSTL-15 Class | PIN_K34
DDR3A_A15 Address [15] SSTL-15 Class | PIN_B38
DDR3A _RAS n Row Address Strobe SSTL-15 Class | PIN_P38
DDR3A_CAS n Column Address Strobe [SSTL-15 Class | PIN_M36
DDR3A _BAO Bank Address [0] SSTL-15 Class | PIN_M37
DDR3A_BA1l Bank Address [1] SSTL-15 Class | PIN_P39
DDR3A_BA2 Bank Address [2] SSTL-15 Class | PIN_J36
DDR3A_CKO Clock pO Differential 1.5-V SSTL Class | |PIN_G37
DDR3A _CK_nO Clock n0 Differential 1.5-V SSTL Class | |PIN_F36
DDR3A_CK1 Clock p1 Differential 1.5-V SSTL Class | |PIN_J37
DDR3A CK n1 Clock n1 Differential 1.5-V SSTL Class | |PIN_H37
DDR3A_CKEO Clock Enable pin O SSTL-15 Class | PIN_E36
DDR3A_CKE1 Clock Enable pin 1 SSTL-15 Class | PIN_B35
DDR3A_ODTO On Die Termination[0]  |SSTL-15 Class | PIN_V36
DDR3A_ODT1 On Die Termination[1] |SSTL-15 Class | PIN_W35
DDR3A_WE_n Write Enable SSTL-15 Class | PIN_N37
DDR3A_CS_nO Chip Select [0] SSTL-15 Class | PIN_P36
DDR3A_CS_n1 Chip Select [1] SSTL-15 Class | PIN_R28
DDR3A_RESET_n |Chip Reset SSTL-15 Class | PIN_H33
DDR3A_EVENT_n |Chip Temperature Event |SSTL-15 Class | PIN_K19
DDR3A_SDA Chip I12C Serial Clock 1.5V PIN_P15
DDR3A_SCL Chip 12C Serial Data Bus (1.5V PIN_C15

Table 2-13 DDR3-B Pin Assignments, Schemat Signal Names, and Functions

Schematic _ Stratix V GX Pin
) Description I/0 Standard

Signal Name Number
DDR3B_DQO0 Data [0] SSTL-15 Class | PIN_Y17
DDR3B_DQ1 Data [1] SSTL-15 Class | PIN_W17
DDR3B_DQ2 Data [2] SSTL-15 Class | PIN_V15
DDR3B_DQ3 Data [3] SSTL-15 Class | PIN_T15
DDR3B_DQ4 Data [4] SSTL-15 Class | PIN_V13
DDR3B_DQ5 Data [5] SSTL-15 Class | PIN_V16
DDR3B_DQ6 Data [6] SSTL-15 Class | PIN_W14
DDR3B_DQ7 Data [7] SSTL-15 Class | PIN_U15
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DDR3B_DQ8 Data [8] SSTL-15 Class | PIN_T17
DDR3B_DQ9 Data [9] SSTL-15 Class | PIN_T16
DDR3B_DQ10 Data [10] SSTL-15 Class | PIN_R16
DDR3B_DQ11 Data [11] SSTL-15 Class | PIN_P16
DDR3B_DQ12 Data [12] SSTL-15 Class | PIN_N16
DDR3B_DQ13 Data [13] SSTL-15 Class | PIN_M15
DDR3B_DQ14 Data [14] SSTL-15 Class | PIN_M14
DDR3B_DQ15 Data [15] SSTL-15 Class | PIN_L14
DDR3B_DQ16 Data [16] SSTL-15 Class | PIN_T14
DDR3B_DQ17 Data [17] SSTL-15 Class | PIN_U14
DDR3B_DQ18 Data [18] SSTL-15 Class | PIN_U11
DDR3B_DQ19 Data [19] SSTL-15 Class | PIN_T13
DDR3B_DQ20 Data [20] SSTL-15 Class | PIN_U12
DDR3B_DQ21 Data [21] SSTL-15 Class | PIN_R13
DDR3B_DQ22 Data [22] SSTL-15 Class | PIN_P13
DDR3B_DQ23 Data [23] SSTL-15 Class | PIN_N13
DDR3B_DQ24 Data [24] SSTL-15 Class | PIN_K12
DDR3B_DQ25 Data [25] SSTL-15 Class | PIN_J12
DDR3B_DQ26 Data [26] SSTL-15 Class | PIN_J10
DDR3B_DQ27 Data [27] SSTL-15 Class | PIN_H12
DDR3B_DQ28 Data [28] SSTL-15 Class | PIN_N11
DDR3B_DQ29 Data [29] SSTL-15 Class | PIN_M11
DDR3B_DQ30 Data [30] SSTL-15 Class | PIN_H10
DDR3B_DQ31 Data [31] SSTL-15 Class | PIN_H11
DDR3B_DQ32 Data [32] SSTL-15 Class | PIN_T10
DDR3B_DQ33 Data [33] SSTL-15 Class | PIN_R10
DDR3B_DQ34 Data [34] SSTL-15 Class | PIN_M12
DDR3B_DQ35 Data [35] SSTL-15 Class | PIN_L12
DDR3B_DQ36 Data [36] SSTL-15 Class | PIN_V10
DDR3B_DQ37 Data [37] SSTL-15 Class | PIN_V9

DDR3B_DQ38 Data [38] SSTL-15 Class | PIN_R12
DDR3B_DQ39 Data [39] SSTL-15 Class | PIN_P12
DDR3B_DQ40 Data [40] SSTL-15 Class | PIN_D14
DDR3B_DQ41 Data [41] SSTL-15 Class | PIN_C13
DDR3B_DQ42 Data [42] SSTL-15 Class | PIN_B14
DDR3B_DQ43 Data [43] SSTL-15 Class | PIN_B13
DDR3B_DQ44 Data [44] SSTL-15 Class | PIN_E14
DDR3B_DQ45 Data [45] SSTL-15 Class | PIN_F14
DDR3B_DQ46 Data [46] SSTL-15 Class | PIN_A14
DDR3B_DQ47 Data [47] SSTL-15 Class | PIN_A13
DDR3B_DQ48 Data [48] SSTL-15 Class | PIN_K13
DDR3B_DQ49 Data [49] SSTL-15 Class | PIN_K16
DDR3B_DQ50 Data [50] SSTL-15 Class | PIN_H13
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DDR3B_DQ51 Data [51] SSTL-15 Class | PIN_H14

DDR3B_DQ52 Data [52] SSTL-15 Class | PIN_J13
DDR3B_DQ53 Data [53] SSTL-15 Class | PIN_J16
DDR3B_DQ54 Data [54] SSTL-15 Class | PIN_G13
DDR3B_DQ55 Data [55] SSTL-15 Class | PIN_F13
DDR3B_DQ56 Data [56] SSTL-15 Class | PIN_D11
DDR3B_DQ57 Data [57] SSTL-15 Class | PIN_C10
DDR3B_DQ58 Data [58] SSTL-15 Class | PIN_A10
DDR3B_DQ59 Data [59] SSTL-15 Class | PIN_B10
DDR3B_DQ60 Data [60] SSTL-15 Class | PIN_G11
DDR3B_DQ61 Data [61] SSTL-15 Class | PIN_F11
DDR3B_DQ62 Data [62] SSTL-15 Class | PIN_E11
DDR3B_DQ63 Data [63] SSTL-15 Class | PIN_E12
DDR3B_DQSO0 Data Strobe p[0] Differential 1.5-V SSTL Class | PIN_Y16
DDR3B_DQS _n0 Data Strobe n[0] Differential 1.5-V SSTL Class | PIN_W16
DDR3B_DQS1 Data Strobe p[1] Differential 1.5-V SSTL Class | PIN_V17
DDR3B_DQS nl Data Strobe n[1] Differential 1.5-V SSTL Class | PIN_U17
DDR3B_DQS2 Data Strobe p[2] Differential 1.5-V SSTL Class | PIN_P14
DDR3B_DQS _n2 Data Strobe n[2] Differential 1.5-V SSTL Class | PIN_N14
DDR3B_DQS3 Data Strobe p[3] Differential 1.5-V SSTL Class | PIN_K11
DDR3B_DQS _n3 Data Strobe n[3] Differential 1.5-V SSTL Class | PIN_L11
DDR3B_DQS4 Data Strobe p[4] Differential 1.5-V SSTL Class | PIN_U9
DDR3B_DQS _n4 Data Strobe n[4] Differential 1.5-V SSTL Class | PIN_T9
DDR3B_DQS5 Data Strobe p[5] Differential 1.5-V SSTL Class | PIN_E15
DDR3B_DQS_n5 Data Strobe n[5] Differential 1.5-V SSTL Class | PIN_D15
DDR3B_DQS6 Data Strobe p[6] Differential 1.5-V SSTL Class | PIN_L15
DDR3B_DQS_n6 Data Strobe n[6] Differential 1.5-V SSTL Class | PIN_K14
DDR3B_DQS7 Data Strobe p[7] Differential 1.5-V SSTL Class | PIN_D12
DDR3B_DQS_n7 Data Strobe n[7] Differential 1.5-V SSTL Class | PIN_C12
DDR3B_DMO Data Mask [0] SSTL-15 Class | PIN_R15
DDR3B_DM1 Data Mask [1] SSTL-15 Class | PIN_K15
DDR3B_DM2 Data Mask [2] SSTL-15 Class | PIN_V12
DDR3B_DM3 Data Mask [3] SSTL-15 Class | PIN_G10
DDR3B_DM4 Data Mask [4] SSTL-15 Class | PIN_T12
DDR3B_DM5 Data Mask [5] SSTL-15 Class | PIN_C16
DDR3B_DM6 Data Mask [6] SSTL-15 Class | PIN_H15
DDR3B_DM7 Data Mask [7] SSTL-15 Class | PIN_B11
DDR3B_A0 Address [0] SSTL-15 Class | PIN_G17
DDR3B_A1l Address [1] SSTL-15 Class | PIN_F17
DDR3B_A2 Address [2] SSTL-15 Class | PIN_N17
DDR3B_A3 Address [3] SSTL-15 Class | PIN_F19
DDR3B_A4 Address [4] SSTL-15 Class | PIN_N19
DDR3B_A5 Address [5] SSTL-15 Class | PIN_H16
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DDR3B_A6 Address [6] SSTL-15 Class | PIN_M17

DDR3B_A7 Address [7] SSTL-15 Class | PIN_T18
DDR3B_AS8 Address [8] SSTL-15 Class | PIN_H17
DDR3B_A9 Address [9] SSTL-15 Class | PIN_J19
DDR3B_A10 Address [10] SSTL-15 Class | PIN_C19
DDR3B_A1l Address [11] SSTL-15 Class | PIN_R18
DDR3B_A12 Address [12] SSTL-15 Class | PIN_K18
DDR3B_A13 Address [13] SSTL-15 Class | PIN_E18
DDR3B_A14 Address [14] SSTL-15 Class | PIN_T19
DDR3B_A15 Address [15] SSTL-15 Class | PIN_R19
DDR3B_RAS n Row Address Strobe SSTL-15 Class | PIN_H19
DDR3B_CAS _n Column Address Strobe [SSTL-15 Class | PIN_A17
DDR3B_BAO Bank Address [0] SSTL-15 Class | PIN_C18
DDR3B_BAl Bank Address [1] SSTL-15 Class | PIN_G19
DDR3B_BA2 Bank Address [2] SSTL-15 Class | PIN_M20
DDR3B_CKO Clock p0O Differential 1.5-V SSTL Class | PIN_B16
DDR3B_CK_nO Clock n0O Differential 1.5-V SSTL Class | PIN_A16
DDR3B_CK1 Clock p1 Differential 1.5-V SSTL Class | PIN_E17
DDR3B_CK_nl Clock n1 Differential 1.5-V SSTL Class | PIN_D17
DDR3B_CKEO Clock Enable pin O SSTL-15 Class | PIN_P17
DDR3B_CKE1 Clock Enable pin 1 SSTL-15 Class | PIN_V18
DDR3B_ODTO On Die Termination[0] |SSTL-15 Class | PIN_M18
DDR3B_ODT1 On Die Termination[1] |SSTL-15 Class | PIN_A19
DDR3B_WE_n Write Enable SSTL-15 Class | PIN_D18
DDR3B_CS_nO Chip Select [0] SSTL-15 Class | PIN_B19
DDR3B_CS n1 Chip Select [1] SSTL-15 Class | PIN_B17
DDR3B_RESET_n |Chip Reset SSTL-15 Class | PIN_T20
DDR3B_EVENT n [Chip Reset SSTL-15 Class | PIN_K17
DDR3B_SDA Chip I12C Serial Clock  |1.5V PIN_P19
DDR3B_SCL Chip 12C Serial Data Bus|1.5V PIN_P18

2.9 QDRI+ SRAM

The development boardupports fouindependenQDRII+ SRAM memory device for veryhigh
speed and loviatency memory access. Each of QDRII+ hadl8 interface, providing addressing
to a device of up to @MB (notincluding parity bits) The QDRI+ has separate read and write data
ports with DDR signaling at up to 550 MHz.

Table 2-14, Table 2-15 and Table 2-16 lists the QDRI+ SRAM Bank A, B, C and Dpin
assignments, signal names relative to the Stratix | GX demicespectively
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Table 2-14 QDRI+ SRAM A Pin Assgnments, Schematic Signal Names, and Functions
Stratix V GX Pin

Schematic

Signal Name

QDRIIA_AO
QDRIIA_A1
QDRIIA_A2
QDRIIA_A3
QDRIIA_A4
QDRIIA_A5
QDRIIA_A6
QDRIIA_A7
QDRIIA_A8
QDRIIA_A9

QDRIIA_A10

QDRIIA_A11l

QDRIIA_A12
QDRIIA_A13
QDRIIA_A14
QDRIIA_A15
QDRIIA_A16
QDRIIA_A17
QDRIIA_A18
QDRIIA_A19
QDRIIA_A20

QDRIIA_DO
QDRIIA_D1
QDRIIA_D2
QDRIIA_D3
QDRIIA_D4
QDRIIA_D5
QDRIIA_D6
QDRIIA_D7
QDRIIA_DS8
QDRIIA_D9

QDRIIA_D10

QDRIIA_D11

QDRIIA_D12
QDRIIA_D13
QDRIIA_D14
QDRIIA_D15
QDRIIA_D16
QDRIIA_D17

QDRIIA_QO

Description

Address bus[0]
Address bus[1]
Address bus[2]
Address bus[3]
Address bus[4]
Address bus[5]
Address bus[6]
Address bus[7]
Address bus[8]
Address bus[9]
Address bus[10]
Address bus[11]
Address bus[12]
Address bus[13]
Address bus[14]
Address bus[15]
Address bus[16]
Address bus[17]
Address bus[18]
Address bus[19]
Address bus[20]
Write data bus[0]
Write data bus[1]
Write data bus[2]
Write data bus[3]
Write data bus[4]
Write data bus|[5]
Write data bus[6]
Write data bus[7]
Write data bus[8]
Write data bus[9]
Write data bus[10]
Write data bus[11]
Write data bus[12]
Write data bus[13]
Write data bus[14]
Write data bus[15]
Write data bus[16]
Write data bus[17]
Read Data bus[0]
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I/O Standard

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
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Number
PIN_AU29
PIN_BA28
PIN_AP27
PIN_AK27
PIN_AN27
PIN_AM28
PIN_AV28
PIN_AY27
PIN_BC29
PIN_AU28
PIN_AW27
PIN_AY28
PIN_BD28
PIN_AV29
PIN_AW29
PIN_BB29
PIN_BD29
PIN_AL27
PIN_AR27
PIN_AL28
PIN_AR28
PIN_AH28
PIN_AH27
PIN_AH25
PIN_AJ28
PIN_AJ27
PIN_AJ26
PIN_AJ25
PIN_AL25
PIN_AH24
PIN_AN25
PIN_AM26
PIN_AM25
PIN_AL26
PIN_AK26
PIN_AU27
PIN_AU26
PIN_AV26
PIN_AW26
PIN_AK23
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QDRIIA_Q1
QDRIIA_Q2
QDRIIA_Q3
QDRIIA_Q4
QDRIIA_Q5
QDRIIA_Q6
QDRIIA_Q7
QDRIIA_Q8
QDRIIA_Q9
QDRIIA_Q10
QDRIIA_Q11
QDRIIA_Q12
QDRIIA_Q13
QDRIIA_Q14
QDRIIA_Q15
QDRIIA_Q16
QDRIIA_Q17

QDRIIA_BWS_n0
QDRIIA_BWS_n1

QDRIIA_K_P
QDRIIA_K_N
QDRIIA_ CQ P
QDRIIA_CQ_N
QDRIIA_RPS_n
QDRIIA_WPS_n

QDRIIA_DOFF _n

QDRIIA_ODT

QDRII_QVLD

Read Data bus[1]
Read Data bus[2]
Read Data bus[3]
Read Data bus[4]
Read Data bus[5]
Read Data bus[6]
Read Data bus[7]
Read Data bus[8]
Read Data bus[9]
Read Data bus[10]
Read Data bus[11]
Read Data bus[12]
Read Data bus[13]
Read Data bus[14]
Read Data bus[15]
Read Data bus[16]
Read Data bus[17]

Byte Write select[0]
Byte Write select[1]

Clock P

Clock N

Echo clock P
Echo clock N
Report Select
Write Port Select
DLL enable
On-Die Termination
Input

Valid Output
Indicator

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |

Differential 1.8-V HSTL Class |
Differential 1.8-V HSTL Class |

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |

1.8-V HSTL Class |

1.8-V HSTL Class |

PIN_BB26
PIN_BD26
PIN_BA24
PIN_AL23
PIN_AJ23
PIN_AL21
PIN_AK21
PIN_AJ22
PIN_AW24
PIN_BC26
PIN_AY25
PIN_AU24
PIN_AV25
PIN_AU25
PIN_AR25
PIN_AP24
PIN_AL24
PIN_AJ24
PIN_AT27
PIN_AP25
PIN_AR26
PIN_AH22
PIN_BA25
PIN_AT26
PIN_AK24
PIN_AR23

PIN_AN23

PIN_AM23

Table 2-15 QDRI+ SRAM B Pin Assignments, Schemadti Signal Names, and Functions
Stratix V GX Pin

Schematic

Signal Name
QDRIIB_AO
QDRIIB_A1
QDRIIB_A2
QDRIIB_A3
QDRIIB_A4
QDRIIB_A5
QDRIIB_A6

Description

Address bus[0]
Address bus[1]
Address bus[2]
Address bus[3]
Address bus[4]
Address bus[5]
Address bus[6]
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I/0 Standard

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
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Number

PIN_AR24
PIN_BB23
PIN_AK20
PIN_AJ19
PIN_AL20
PIN_AG19
PIN_AT23
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QDRIIB_A7
QDRIIB_AS8
QDRIIB_A9

QDRIIB_A10

QDRIIB_A11

QDRIIB_A12
QDRIIB_A13
QDRIIB_A14
QDRIIB_A15
QDRIIB_A16
QDRIIB_A17
QDRIIB_A18
QDRIIB_A19
QDRIIB_A20

QDRIIB_DO
QDRIIB_D1
QDRIIB_D2
QDRIIB_D3
QDRIIB_D4
QDRIIB_D5
QDRIIB_D6
QDRIIB_D7
QDRIIB_D8
QDRIIB_D9

QDRIIB_D10

QDRIIB_D11

QDRIIB_D12
QDRIIB_D13
QDRIIB_D14
QDRIIB_D15
QDRIIB_D16
QDRIIB_D17

QDRIIB_QO
QDRIIB_Q1
QDRIIB_Q2
QDRIIB_Q3
QDRIIB_Q4
QDRIIB_Q5
QDRIIB_Q6
QDRIIB_Q7
QDRIIB_Q8
QDRIIB_Q9

QDRIIB_Q10

Address bus[7]
Address bus[8]
Address bus[9]
Address bus[10]
Address bus[11]
Address bus[12]
Address bus[13]
Address bus[14]
Address bus[15]
Address bus[16]
Address bus[17]
Address bus[18]
Address bus[19]
Address bus[20]
Write data bus|0]
Write data bus[1]
Write data bus|[2]
Write data bus[3]
Write data bus[4]
Write data bus[5]
Write data bus|[6]
Write data bus[7]
Write data bus|[8]
Write data bus[9]
Write data bus[10]
Write data bus[11]
Write data bus[12]
Write data bus[13]
Write data bus[14]
Write data bus[15]
Write data bus[16]
Write data bus[17]
Read Data bus|[0]
Read Data bus[1]
Read Data bus[2]
Read Data bus[3]
Read Data bus[4]
Read Data bus[5]
Read Data bus[6]
Read Data bus[7]
Read Data bus[8]
Read Data bus[9]
Read Data bus[10]
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1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
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PIN_AU23
PIN_AV23

PIN_AM22
PIN_AJ20

PIN_AG20
PIN_AW23
PIN_BB24
PIN_AY24

PIN_BD23
PIN_BC23
PIN_AG21
PIN_AM20
PIN_AK18
PIN_AN22
PIN_BB21
PIN_BD20
PIN_BC20
PIN_AR22
PIN_BB20
PIN_AU22
PIN_BA21
PIN_AY21

PIN_AW21
PIN_AT21

PIN_AR21
PIN_AP21

PIN_BD22
PIN_BC22
PIN_BA22
PIN_AV22

PIN_AY22

PIN_AW22
PIN_AR19
PIN_AM19
PIN_AL19

PIN_AM17
PIN_AL18

PIN_AN19
PIN_AU18
PIN_AK17
PIN_AL17

PIN_AG17
PIN_AJ18
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QDRIIB_Q11
QDRIIB_Q12
QDRIIB_Q13
QDRIIB_Q14
QDRIIB_Q15
QDRIIB_Q16
QDRIIB_Q17
QDRIIB_BWS_n0
QDRIIB_BWS_n1
QDRIIB_K_p
QDRIIB_K_n
QDRIIB_CQ p
QDRIIB_CQ_n
QDRIIB_RPS_n
QDRIIB_WPS_n
QDRIIB_DOFF_n

QDRIIB_ODT

QDRIIB_QVLD

Table 2-16 QDRI+ SRAM C Pin Assignments, Schematic Signal Nameand Functions
Stratix V GX Pin

Schematic
Signal Name
QDRIIC_AO
QDRIIC_A1
QDRIIC_A2
QDRIIC_A3
QDRIIC_A4
QDRIIC_A5
QDRIIC_A6
QDRIIC_A7
QDRIIC_A8
QDRIIC_A9
QDRIIC_A10
QDRIIC_Al11
QDRIIC_A12
QDRIIC_A13
QDRIIC_Al14
QDRIIC_A15
QDRIIC_A1l6
QDRIIC_A17
QDRIIC_A18

Read Data bus[11]
Read Data bus[12]
Read Data bus[13]
Read Data bus[14]
Read Data bus[15]
Read Data bus[16]
Read Data bus[17]
Byte Write select[0]
Byte Write select[1]
Clock P

Clock N

Echo clock P

Echo clock N
Report Select
Write Port Select
PLL Turn Off
On-Die Termination
Input

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |

Differential 1.8-V HSTL Class |
Differential 1.8-V HSTL Class |

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |

1.8-V HSTL Class |

Valid Output Indicator |1.8-V HSTL Class |

Description

Address bus[0]
Address bus[1]
Address bus[2]
Address bus[3]
Address bus[4]
Address bus[5]
Address bus[6]
Address bus[7]
Address bus|[8]
Address bus[9]
Address bus[10]
Address bus[11]
Address bus[12]
Address bus[13]
Address bus[14]
Address bus[15]
Address bus[16]
Address bus[17]
Address bus[18]
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I/O Standard

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
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PIN_AJ17
PIN_AG18
PIN_AU19
PIN_AW19
PIN_AV19
PIN_AP19
PIN_AN20
PIN_AV20
PIN_AU21
PIN_AR20
PIN_AT20
PIN_AJ15
PIN_AP18
PIN_AW20
PIN_AU20
PIN_AH19

PIN_AH18

PIN_AJ16

Number
PIN_AV16
PIN_AW16
PIN_AP16
PIN_AW9
PIN_BD7
PIN_BC7
PIN_AR17
PIN_AR18
PIN_AT17
PIN_BB9
PIN_AH21
PIN_AG20
PIN_AU16
PIN_BBS8
PIN_AT18
PIN_AW17
PIN_AvV17
PIN_AU8
PIN_AT9
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QDRIIC_A19 Address bus[19] 1.8-V HSTL Class | PIN_AVS8

QDRIIC_A20 Address bus[20] 1.8-V HSTL Class | PIN_AN17
QDRIIC_DO Write data bus[0] 1.8-V HSTL Class | PIN_AG9

QDRIIC_D1 Write data bus[1] 1.8-V HSTL Class | PIN_AG10
QDRIIC_D2 Write data bus[2] 1.8-V HSTL Class | PIN_AG12
QDRIIC_D3 Write data bus[3] 1.8-V HSTL Class | PIN_AG11
QDRIIC_D4 Write data bus[4] 1.8-V HSTL Class | PIN_AV10
QDRIIC_D5 Write data bus|[5] 1.8-V HSTL Class | PIN_AH12
QDRIIC_D6 Write data bus[6] 1.8-V HSTL Class | PIN_AK12
QDRIIC_D7 Write data bus[7] 1.8-V HSTL Class | PIN_AL12
QDRIIC_D8 Write data bus[8] 1.8-V HSTL Class | PIN_AJ12
QDRIIC_D9 Write data bus[9] 1.8-V HSTL Class | PIN_AN12
QDRIIC_D10 Write data bus[10] 1.8-V HSTL Class | PIN_AM13
QDRIIC_D11 Write data bus[11] 1.8-V HSTL Class | PIN_AR12
QDRIIC_D12 Write data bus[12] 1.8-V HSTL Class | PIN_AR13
QDRIIC_D13 Write data bus[13] 1.8-V HSTL Class | PIN_AU9

QDRIIC_D14 Write data bus[14] 1.8-V HSTL Class | PIN_AU10
QDRIIC_D15 Write data bus[15] 1.8-V HSTL Class | PIN_AU11
QDRIIC_D16 Write data bus[16] 1.8-V HSTL Class | PIN_AV11
QDRIIC_D17 Write data bus[17] 1.8-V HSTL Class | PIN_AT12
QDRIIC_QO Read Data bus[0] 1.8-V HSTL Class | PIN_BA12
QDRIIC_Q1 Read Data bus[1] 1.8-V HSTL Class | PIN_AF14
QDRIIC_Q2 Read Data bus[2] 1.8-V HSTL Class | PIN_AE13
QDRIIC_Q3 Read Data bus[3] 1.8-V HSTL Class | PIN_AD14
QDRIIC_Q4 Read Data bus[4] 1.8-V HSTL Class | PIN_AE12
QDRIIC_Q5 Read Data bus[5] 1.8-V HSTL Class | PIN_AF11
QDRIIC_Q6 Read Data bus[6] 1.8-V HSTL Class | PIN_AE11
QDRIIC_Q7 Read Data bus[7] 1.8-V HSTL Class | PIN_AE10
QDRIIC_Q8 Read Data bus[8] 1.8-V HSTL Class | PIN_AE9

QDRIIC_Q9 Read Data bus[9] 1.8-V HSTL Class | PIN_BB11
QDRIIC_Q10 Read Data bus[10] 1.8-V HSTL Class | PIN_AW11
QDRIIC_Q11 Read Data bus[11] 1.8-V HSTL Class | PIN_AF10
QDRIIC_Q12 Read Data bus[12] 1.8-V HSTL Class | PIN_AY12
QDRIIC_Q13 Read Data bus[13] 1.8-V HSTL Class | PIN_AW10
QDRIIC_Q14 Read Data bus[14] 1.8-V HSTL Class | PIN_AY10
QDRIIC_Q15 Read Data bus[15] 1.8-V HSTL Class | PIN_BB12
QDRIIC_Q16 Read Data bus[16] 1.8-V HSTL Class | PIN_BC10
QDRIIC_Q17 Read Data bus[17] 1.8-V HSTL Class | PIN_BA10
QDRIIC_BWS_n0 [Byte Write select[0] |1.8-V HSTL Class | PIN_AJ11
QDRIIC_BWS nl Byte Write select[1] 1.8-V HSTL Class | PIN_AJ10
QDRIIC_K_p Clock P Differential 1.8-V HSTL Class | PIN_AP12
QDRIIC_K n Clock N Differential 1.8-V HSTL Class | PIN_AP13
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QDRIIC_CQ p
QDRIIC_CQ_n
QDRIIC_RPS_n
QDRIIC_WPS_n

QDRIIC_DOFF_n

QDRIIC_ODT

QDRIIC_QVLD

Table 2-17 QDRI+ SRAM D Pin Assignments, Schematic Signal Names, and Functions
Stratix V GX Pin

Schematic
Signal Name
QDRIID_AO
QDRIID_Al
QDRIID_A2
QDRIID_A3
QDRIID_A4
QDRIID_A5
QDRIID_A6
QDRIID_A7
QDRIID_AS8
QDRIID_A9
QDRIID_A10
QDRIID_A11
QDRIID_A12
QDRIID_A13
QDRIID_A14
QDRIID_A15
QDRIID_A16
QDRIID_A17
QDRIID_A18
QDRIID_A19
QDRIID_A20
QDRIID_DO
QDRIID_D1
QDRIID_D2
QDRIID_D3
QDRIID_D4
QDRIID_D5
QDRIID_D6

Echo clock P
Echo clock N
Report Select
Write Port Select
PLL Turn Off

On-Die Termination

Input

1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |

1.8-V HSTL Class |

Valid Output Indicator |1.8-V HSTL Class |

Description

Address bus[0]
Address bus[1]
Address bus[2]
Address bus([3]
Address bus[4]
Address bus|[5]
Address bus[6]
Address bus[7]
Address bus][8]
Address bus|[9]
Address bus[10]
Address bus[11]
Address bus[12]
Address bus[13]
Address bus[14]
Address bus[15]
Address bus[16]
Address bus[17]
Address bus[18]
Address bus[19]
Address bus[20]
Write data bus[0]
Write data bus[1]
Write data bus[2]
Write data bus[3]
Write data bus[4]
Write data bus|[5]
Write data bus[6]
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1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
1.8-V HSTL Class |
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PIN_BC11
PIN_AF13
PIN_AH10
PIN_AL11
PIN_AE14

PIN_BD10

PIN_BD11

Number

PIN_N26
PIN_P28
PIN_N28
PIN_L26
PIN_K27
PIN_L27
PIN_U26
PIN_T26
PIN_T27
PIN_V27
PIN_U27
PIN_R27
PIN_P27
PIN_V25
PIN_V26
PIN_T25
PIN_P26
PIN_M27
PIN_M28
PIN_P29
PIN_D29
PIN_H25
PIN_H24
PIN_H23
PIN_J25

PIN_J24

PIN_K25
PIN_D26
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QDRIID_D7 Write data bus[7] 1.8-V HSTL Class | PIN_F25
QDRIID_D8 Write data bus[8] 1.8-V HSTL Class | PIN_G25
QDRIID_D9 Write data bus[9] 1.8-V HSTL Class | PIN_N23
QDRIID_D10 Write data bus[10] 1.8-V HSTL Class | PIN_P24
QDRIID_D11 Write data bus[11] 1.8-V HSTL Class | PIN_P23
QDRIID_D12 Write data bus[12] 1.8-V HSTL Class | PIN_L24
QDRIID_D13 Write data bus[13] 1.8-V HSTL Class | PIN_R24
QDRIID_D14 Write data bus[14] 1.8-V HSTL Class | PIN_U23
QDRIID_D15 Write data bus[15] 1.8-V HSTL Class | PIN_U24
QDRIID_D16 Write data bus[16] 1.8-V HSTL Class | PIN_T24
QDRIID_D17 Write data bus[17] 1.8-V HSTL Class | PIN_T23
QDRIID_QO Read Data bus[0] 1.8-V HSTL Class | PIN_C27
QDRIID_Q1 Read Data bus[1] 1.8-V HSTL Class | PIN_A26
QDRIID_Q2 Read Data bus[2] 1.8-V HSTL Class | PIN_B26
QDRIID_Q3 Read Data bus[3] 1.8-V HSTL Class | PIN_F26
QDRIID_Q4 Read Data bus[4] 1.8-V HSTL Class | PIN_G26
QDRIID_Q5 Read Data bus[5] 1.8-V HSTL Class | PIN_C28
QDRIID_Q6 Read Data bus|[6] 1.8-V HSTL Class | PIN_A29
QDRIID_Q7 Read Data bus[7] 1.8-V HSTL Class | PIN_A28
QDRIID_Q8 Read Data bus|[8] 1.8-V HSTL Class | PIN_B28
QDRIID_Q9 Read Data bus[9] 1.8-V HSTL Class | PIN_G28
QDRIID_Q10 Read Data bus[10] 1.8-V HSTL Class | PIN_F28
QDRIID_Q11 Read Data bus[11] 1.8-V HSTL Class | PIN_D27
QDRIID_Q12 Read Data bus[12] 1.8-V HSTL Class | PIN_G29
QDRIID_Q13 Read Data bus[13] 1.8-V HSTL Class | PIN_F29
QDRIID_Q14 Read Data bus[14] 1.8-V HSTL Class | PIN_H28
QDRIID_Q15 Read Data bus[15] 1.8-V HSTL Class | PIN_K28
QDRIID_Q16 Read Data bus[16] 1.8-V HSTL Class | PIN_J28
QDRIID_Q17 Read Data bus[17] 1.8-V HSTL Class | PIN_H29
QDRIID_BWS_n0 |Byte Write select[0]  [1.8-V HSTL Class | PIN_E26
QDRIID_BWS nl1 Byte Write select[1] 1.8-V HSTL Class | PIN_K26
QDRIID_ K p Clock P Differential 1.8-V HSTL Class | [PIN_L23
QDRIID_K n Clock N Differential 1.8-V HSTL Class | |PIN_K24
QDRIID_CQ_p Echo clock P 1.8-V HSTL Class | PIN_E29
QDRIID_CQ_n Echo clock N 1.8-V HSTL Class | PIN_H27
QDRIID_RPS n |Report Select 1.8-V HSTL Class | PIN_F24
QDRIID_WPS n |Write Port Select 1.8-V HSTL Class | PIN_M23
QDRIID_DOFF_n |PLL Turn Off 1.8-V HSTL Class | PIN_E27
On-Die Termination
QDRIID_ODT Input 1.8-V HSTL Class | PIN_H26
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QDRIID_QVLD  |\Valid Output Indicator [1.8-V HSTL Class | PIN_J27

2.10 SPF+ Ports

The development board hdsur independent QG SFR connectos that useone transceiver
channeleachfrom the Stratix V GX FPGAdevice. These modules take in serial data from the
Stratix V GX FPGA device and #émsform them to optical signals. The board includes cage
assembes for the SFR connectos. Figure 2-14 showsthe connections between tis#&P+and
Stratix V GXFPGA

SFPA_TX_p -
SFPA_TX_n SFP.A Conngctor

Control & Status
SFPA_RX_p
SFPA_RX_n

SFPB_TX_p
SFPB_TX_n
Control & Status
SFPB_RX_p
SFPB_RX_n

SFPC_TX_p

‘ i SFPC_TX_n
Str a t’x ®V C%";g’éf:)t(it:s

v

. :xrw.;.r:." =

vy
L
L]

AAA

vVVY

Nl 2

A A A

®

VVY

SFPC_RX_n

SFPD_TX_p
SFPD_TX_n
Control & Status
SFPD_RX_p
SFPD_RX_n

{P ﬂr A

VVY

A A A

Figure 2-14 Connection between the SFP+ and Stratix V GX FPGA

Table 2-18 and Table 2-19 list the SAP+ A, B, C ard D pin assignmentandsignal names relative
to the $ratix V GX device

Table 2-18 SFP+ APin Assignments, Schematic Signal Names, and Functions

Schematic L Stratix V GX
. Description /0O Standard | .
Signal Name Pin Number
SFPA_TX_p Transmitter data 1.4-V PCML |PIN_AG4
SFPA_TX n Transmitter data 1.4-V PCML |PIN_AG3
40 .
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SFPA _RX p Receiver data 1.4-V PCML |PIN_AK2
SFPA_RX_n Receiver data 1.4-V PCML |PIN_AK1
SFPA_LOS Signal loss indicator 2.5V PIN_F22
SFPA_MODO_PRSNT_n|Module present 2.5V PIN_E21
SFPA_MOD1_SCL Serial 2-wire clock 2.5V PIN_B20
SFPA_MOD2_SDA Serial 2-wire data 2.5V PIN_A20
SFPA_RATESELO Rate select 0 2.5V PIN_E20
SFPA_RATESEL1 Rate select 1 2.5V PIN_G22
SFPA_TXDISABLE Turns off and disables the transmitter output/2.5V PIN_B22
SFPA_TXFAULT Transmitter fault 2.5V PIN_A22

Table 2-19 SFP+ BPin Assignments, Schematic Signal Names, and Functions

Schematic . Stratix V GX
) Description I/O Standard | .
Signal Name Pin Number
SFPB_TX_p Transmitter data 1.4-VPCML [PIN_AL4
SFPB_TX_n Transmitter data 1.4-V PCML |PIN_AL3
SFPB_RX_p Receiver data 1.4-V PCML [PIN_AP2
SFPB_RX_n Receiver data 1.4-V PCML [PIN_AP1
SFPB_LOS Signal loss indicator 2.5V PIN_R22
SFPB_MODO_PRSNT_n|Module present 2.5V PIN_K22
SFPB_MOD1_SCL Serial 2-wire clock 2.5V PIN_K21
SFPB_MOD2_SDA Serial 2-wire data 2.5V PIN_K20
SFPB_RATESELO Rate select 0 2.5V PIN_R21
SFPB_RATESEL1 Rate select 1 2.5V PIN_T22
SFPB_TXDISABLE Turns off and disables the transmitter output 2.5V PIN_H22
SFPB_TXFAULT Transmitter fault 2.5V PIN_H20

Table 2-20 SFP+ CPin Assignments, Schematic Signal Names, and Functions

Schematic o Stratix V GX
) Description I/O Standard | .

Signal Name Pin Number
SFPC_TX p Transmitter data 1.4-V PCML |PIN_AT6
SFPC_TX_n Transmitter data 1.4-V PCML |PIN_AT5
SFPC_RX p Receiver data 1.4-V PCML |PIN_AW4
SFPC_RX n Receiver data 1.4-V PCML |PIN_AW3
SFPC_LOS Signal loss indicator 2.5V PIN_L21
SFPC_MODO_PRSNT_nModule present 2.5V PIN_J21
SFPC_MOD1_SCL Serial 2-wire clock 2.5V PIN_H21
SFPC_MOD2_SDA Serial 2-wire data 2.5V PIN_G20
SFPC_RATESELO Rate select 0 2.5V PIN_J22
SFPC_RATESEL1 Rate select 1 2.5V PIN_P21
SFPC_TXDISABLE Turns off and disables the transmitter output 2.5V PIN_F21
SFPC_TXFAULT Transmitter fault 2.5V PIN_F20
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Table 2-21 SFP+ CPin Assignments, Schematic Signal Names, and Functions

Schematic o Stratix V GX
) Description I/O Standard | .
Signal Name Pin Number
SFPD_TX p Transmitter data 1.4-V PCML |PIN_AY6
SFPD_TX n Transmitter data 1.4-V PCML |PIN_AY5
SFPD_RX p Receiver data 1.4-V PCML |PIN_BB2
SFPD_RX_n Receiver data 1.4-v PCML |PIN_BB1
SFPD_LOS Signal loss indicator 2.5V PIN_N22
SFPD_MODO_PRSNT_n/Module present 2.5V PIN_V20
SFPD_MOD1_SCL Serial 2-wire clock 2.5V PIN_U21
SFPD_MOD2_SDA Serial 2-wire data 2.5V PIN_V19
SFPD_RATESELO Rate select 0 2.5V PIN_V21
SFPD_RATESEL1 Rate select 1 2.5V PIN_M22
SFPD_TXDISABLE Turns off and disables the transmitter output 2.5V PIN_U20
SFPD_TXFAULT Transmitter fault 2.5V PIN_T21

2.11 PCIl Express

The FPGAdevelopment board is designed to fit entirely into a PC motherboard with x8 or x16 PCI
Express slot. Utilizing buitn transceivers on a Stratix V GX device, it is able to provide a fully
integrated PCI Expressompliantsolution for multilane (x1, x4, and x8) applications. With the
PCI Express hard IP block incorporated in the Stratix V GX device, it will allow users to implement
simple and fast protocol, as well as saving logic resources for logic applicatipne 2-15
presents the pin connection established between the Stratix V GX and PCI Express.

The PCI Express interface supports complete PCl Express Genl at 2.5GbpSkae at
5.0Gbps/langand GeB at 8.0Gbps/lane praoicol stack 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.

Please note that it is a requirement that gmonect the PCle external power ceator to 6pin 12V

DC power connector in the FPGA to avoid FP@Amage dueto insufficient power. The
PCIE_REFCLK p signal is a differential input that is driven from the PC motherboard on this
board through the PCle edge connector. A DIP switch{Si¢/mnnected to the PCI Express to
allow different configuratiosto enable a x1, x4, or x8 PCle.
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Table 2-22 summarizes the PCI Express pin assignments of the signal names relative to the Stratix
V GX FPGA.

B&lzs
< PCIE REFCLK n C

<« PCIE REFCLK p

/AYOTS RYAN.

Stratixl/
GX

PCIE TX p[7..0] _

PCIE TX n[7...0]

\ 4

<« PCIE RX p[7...0]

4 PCIE RX n[7...0]

Figure 2-15 PCI Express pin connection

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

Schematic Stratix V GX Pin

) Description I/O Standard

Signal Name Number

PCIE_TX_pO Add-in card transmit bus 1.4-V PCML PIN_AY39
PCIE_TX _nO Add-in card transmit bus 1.4-V PCML PIN_AY40
PCIE_TX p1 Add-in card transmit bus 1.4-V PCML PIN_AV39
PCIE_TX nl Add-in card transmit bus 1.4-V PCML PIN_AV40
PCIE_TX_p2 Add-in card transmit bus 1.4-V PCML PIN_AT39
PCIE_TX n2 Add-in card transmit bus 1.4-V PCML PIN_AT40
PCIE_TX_p3 Add-in card transmit bus 1.4-V PCML PIN_AU41
PCIE_TX n3 Add-in card transmit bus 1.4-V PCML PIN_AU42
PCIE_TX_p4 Add-in card transmit bus 1.4-V PCML PIN_AN41
PCIE_TX n4 Add-in card transmit bus 1.4-V PCML PIN_ANA42
PCIE_TX_p5 Add-in card transmit bus 1.4-V PCML PIN_AL41
PCIE_TX _n5 Add-in card transmit bus 1.4-V PCML PIN_AL42
PCIE_TX_p6 Add-in card transmit bus 1.4-V PCML PIN_AJ41
PCIE_TX n6 Add-in card transmit bus 1.4-V PCML PIN_AJ42
PCIE_TX_p7 Add-in card transmit bus 1.4-V PCML PIN_AG41
PCIE_TX n7 Add-in card transmit bus 1.4-V PCML PIN_AG42
PCIE_RX_pO Add-in card receive bus 1.4-V PCML PIN_BB43
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PCIE_RX nO Add-in card receive bus 1.4-V PCML PIN_BB44
PCIE_RX pl Add-in card receive bus 1.4-V PCML PIN_BA41
PCIE_RX n1 Add-in card receive bus 1.4-V PCML PIN_BA42
PCIE_RX p2 Add-in card receive bus 1.4-V PCML PIN_AWA41
PCIE_RX n2 Add-in card receive bus 1.4-V PCML PIN_AWA42
PCIE_RX p3 Add-in card receive bus 1.4-V PCML PIN_AY43
PCIE_RX n3 Add-in card receive bus 1.4-V PCML PIN_AY44
PCIE_RX p4 Add-in card receive bus 1.4-V PCML PIN_AT43
PCIE_RX n4 Add-in card receive bus 1.4-V PCML PIN_AT44
PCIE_RX p5 Add-in card receive bus 1.4-V PCML PIN_AP43
PCIE_RX n5 Add-in card receive bus 1.4-V PCML PIN_AP44
PCIE_RX_p6 Add-in card receive bus 1.4-V PCML PIN_AM43
PCIE_RX n6 Add-in card receive bus 1.4-V PCML PIN_AM44
PCIE_RX_p7 Add-in card receive bus 1.4-V PCML PIN_AKA43
PCIE_RX n7 Add-in card receive bus 1.4-V PCML PIN_AK44
PCIE_REFCLK_p [Motherboard reference clock HCSL PIN_AK38
PCIE_REFCLK _n |Motherboard reference clock HCSL PIN_AK39
PCIE_PERST n Reset 2.5-V PIN_AU33
PCIE_SMBCLK SMB clock 2.5-V PIN_BD34
PCIE_SMBDAT SMB data 2.5-V PIN_AT33
PCIE_WAKE_n Wake signal 2.5-V PIN_BD35

PCIE_PRSNT1n Hot plug detect - -
Hot plug detect x1 PCle slot - -
enabled using SW3 dip switch
Hot plug detect x4 PCle slot - -
enabled using SW3 dip switch
Hot plug detect x8 PCle slot - -

enabled using SW3 dip switch

PCIE_PRSNT2n_x1
PCIE_PRSNT2n_x4

PCIE_PRSNT2n_x8

2.12 SATA

Four Serial ATA (SATA) portareavailable on th&PGAdevelopment board which are computer
bus standard with primary function of transferring data between the motherboard and maggestora
devices (such as hard drives, optical drives, and-stdi@ disks). Supporting a storage interface is
just one of many different applications an FPGA can be used in storage applianc8galike/

GX 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®uatir V GX device with
integrated transceivers cofignt to SATA electrical standards.
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The four Serial ATA (SATA) ports include two available ports for device and two available ports for
host capable of implementing SATA solution with a design that consists of both host and target
(device side) functions-igure 2-16 depicts the host and device design examples.

A =2
Stratix’ 1V
GX
SATA SATA
HOST DEVICE
CORE CORE

Figure 2-16 PC and storage device connection to the Stratix V GX FPGA

The transmitter and receiver sigmaf the SATA ports are connected directly to 8teatix V GX
transceiver channels to provide SATA IO connectivity to both host and target devices. To verify the
functionality of the SATA host/device ports, a connection can be established between poetséwo

by using a SATA cable dsigure 2-17 depicts the associated signals connecteglire 2-17 lists

the SATA pin assignments, signal names and functions.

aslC| DE5-NetUser Manual 45 www.terasic.com

www. terasic.com June 20, 2018



http://www.terasic.com/
http://www.terasic.com/

L
331

p1

SATA HOST RX_n1 [

SATA HOST TX_p
SATA HOST TX_n1
SATA HOST RX

—
—

|

/]

SATA HOST

SATA DEVICE RX_p1
SATA DEVICE RX_n1
SATA DEVICE TX_n1
SATA DEVICE TX_p1

—
"
—r
"
—
1
1
—
E—

by

Figure 2-17 Pin connection between SATA connectors

Table 2-23lists the SATA pin assignments, signal names and functions.

J SATA DEVICE

Table 2-23 Serial ATA Pin Assignments, Schematic Signal Names, and Functi®&n

Schematic L Stratix V GX Pin
) Description I/O Standard
Signal Name Number
Device
Differential receive data input
SATA_DEVICE_RX_pO ' 1l recey MPUE 1 4.v oML PIN_K43
- - = after DC blocking capacitor -
SATA_DEVICE_RX_no  |°'nerential receive datainput 1, , \ ooy PIN_K44
- -~ after DC blocking capacitor -
SATA_DEVICE_Tx_no | -'erential transmit data output |, , \, ooy, PIN_K40
- - - before DC blocking capacitor -
Differential transmit data output
SATA_DEVICE_TX_pO . . P 1.4-V PCML PIN_K39
before DC blocking capacitor
Differential receive data input
SATA_DEVICE_RX_p1l . . P 1.4-V PCML PIN_H43
after DC blocking capacitor
SATA_DEVICE_RX_n1l Differential regelve data-mput 1.4-V PCML PIN_H44
- - = after DC blocking capacitor -
Differential transmit data output
SATA_DEVICE_TX_n1 i . 1.4-V PCML PIN_H40
- - - before DC blocking capacitor -
Differential transmit data output
SATA_DEVICE_TX_p1 ! ! sm! UIPUL ) 4v oML PIN_H39
before DC blocking capacitor
SATA_DEVICE_REFCLK_p|Reference Clock HCSL PIN_V39
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SATA_DEVICE_REFCLK _n|Reference Clock
Host

Differential transmit data output
before DC blocking capacitor
Differential transmit data output
before DC blocking capacitor
Differential receive data input
after DC blocking capacitor
Differential receive data input
after DC blocking capacitor
Differential transmit data output
before DC blocking capacitor
Differential transmit data output
before DC blocking capacitor
Differential receive data input
after DC blocking capacitor
Differential receive data input
after DC blocking capacitor

SATA_HOST_TX_pO
SATA_HOST_TX_n0
SATA_HOST_RX_n0
SATA_HOST_RX_pO
SATA_HOST TX_p1
SATA_HOST TX_n1
SATA_HOST _RX_nl

SATA_HOST_RX_p1l

SATA_HOST_REFCLK_p |[Reference Clock
SATA HOST_REFCLK_n [Reference Clock
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HCSL

1.4-V PCML

1.4-V PCML

1.4-V PCML

1.4-V PCML

1.4-V PCML

1.4-V PCML

1.4-V PCML

1.4-V PCML

HCSL
HCSL

PIN_V40

PIN_K6

PIN_K5

PIN_K1

PIN_K2

PIN_H6

PIN_H5

PIN_H1

PIN_H2

PIN_V6
PIN_V5
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Chapter 3

System Builder

This chapter describes how users can createseom design project on tikéGAboard by using
the Sdtware Toolsi System Builder.

3.1 Introduction

The System Builder is a Windows based software utility, designed to assist users to Queateisa
Prime project for theFPGA board within minutes. The generat€uartus Primeproject files
include:

Quartus Ame Project File (.gpf)
Quartus Primé&etting 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, but capraigidle errorchecking rules
to handle situation that are prone to errors. The common mistakes that users encounter are the
following:

Board damaged for wrong pin/bank voltage assignment.

Board malfunction caused by wrong device connections or missingopimts for connected
ends.

Performance dropped because of improper pin assignments
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3.2 General Design Flow

This section will introduce the general designulto build a project for th&PGAboard via the
System Builder. The general design flow is illustratethe Figure 3-1.

Users should launcBystem Builder and create a new project according to their design requirements.
When uses complete the settings, tisgstem Builder will generate two major files which irddu
top-level design file (.v) and th@uartus Primaetting file (.qsf).

The toplevel design file contains telgvel Verilog wrapper for users to add their own design/logic.
The Quartus Primesetting file contains information such as FPGA device typgsleeel pin
assignment, and I/O standard for each-dedined I/O pin.

Finally, Quartus Primgrogrammer must based 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 Using System Builder

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

A Install and launchthe System Builder

The System Builder is located in the directoryiobls\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 appearsimure 3-2.
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Teraisc - Stratix V GX FPGA Board V1.0.0
-

E
G R A M WWWLErSsiC.com

Programmable Oscillator

SFP_REFCLK_p/n

Sib70

5448312~ MHz

CDCMWB1001

System Configuration
Project Mame: 5B

[ CLOCK

LEDx 10
Button x 4

[ Fan Control

[V SMA

QDRI+ SRAM A
QDRI+ SRAM C
DOR3 SODIMM_A
VI SFP+ A

FISFP+C

Switch x 4
F-Segment x 2
Ternperature
RS-422

Flash (256MB)
QORI+ SRAM B
QORI+ SRAM D
DDR3 SO0IMM_B
SFP+B

SFR+ D

SFP1G_REFCLK p/n MHz Sata Host 0 Sata Host 1
CDCM61004 Sata Device 0 Sata Device 1
SaTA_HOST_REFCLE_pin 150.00 MHz
SATA_DEVICE_REFCLK_pin PCle
Default Setting I l Load Setting.. ] l Save Sefting.. ] l Generate.. ] { Exit

Figure 3-2 The System Builder window

A Select Board Type and Input Project Name

Select the target board type and input project name as showuire 3-3.

A Project Name: Specify theproject name as it is automatically assigned to the

name of the toplevel design entity.

Teraisc - Stratix V GX FPGA Board V1.0.0

==

/NBTERA,
meiry IKadasic
A M WWwW.terasic.com

Programmable Oscillator

System Configuration

roject Name: 55 |

[ CLOCK,

LEDx 10

Button x4

[¥] Fan Conitrol

I SMA

QDRI+ SRAM A
VI QDRI+ SRAM C
DDR3 SODIMM_A

Shwitch x4
F-Segment x 2
Temperature
RS-422

Flash (256ME)
QORI+ SERAM B
QDRI+ SRAM D
DDR3 SODIMM_B

Sis70 DISFP+ A ¥ SFP B
SFP_REFCLK_pin: [6445312 ~MHz
SFP+C SFP+ D
CDCMB1001
SFP1G_REFCLK_pin MHZ Sata Host 0 Sata Host 1
CDCME1004 Sata Device 0 Sata Device 1
SATA_HOST_REFCLE _pin 150.00 _IMHz
SATA DEVICE REFCLK pin == PCle
Default Setting I l Load Setting ] l Save Setting ] l Generate ] { Exit

Figure 3-3 The Quartus Project Name

A System Configuration

Under System Configuration users are given the flexibaftgnabling theichoice of components
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on theFPGAas shown ir-igure 3-4. Each component of tHePGA boards listed where users can
enable or disable a component according to their design by simply markingkeocliemoving the

check in the field provided. Ithe component is enabled, t&gstem Builder will automatically
generate the associated pin assignments including the pin name, pin location, pin direction, and 1/O
standards.

Note: The pin assignments fosome componentge.g. DDR8 and SFP+) 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 désigee the DDR3 controller,
pleaseefer to the DDR3 SDRAM demonstration@napter 6.

Figure 3-4 System Configuration Group

A Programmable Oscillator

There arawo externaloscillatorson-board that provide reference clocks for the follayvsignals
SFP_REFCLKSFP1G_REFCLK, SATA_HOST_REFCL&NdSATA DEVICE_REFCLK. To use
theseoscillators users can select the desired frequency on the Program@®sdili&ator group, as
shown in Figure 3-5. SPF+ or SAA should be checked before users can start to specify the desired
frequency in thggrogrammable oscillators.

As the Quartus project is created, System Builder automatically generates the assoniatdidr
according to user ¥ilogdwhs icrhe df afcrid g ueantceys iums er s €
additional control code is requiréal configure thgorogrammable oscillator
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