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Chapter 1

Overview

This chapteprovides an overview of thHER5 Development Board andstallation guide

1.1 General Description

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

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

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

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

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

1.2 Key Features

The following hardware is implemented theTR5 board:

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

On-Board USB Blaster Il or JTAG header FPGAprogramming

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

General user input/output:
4 EDs

4 pushbuttons
4 slide switches

Clock System

50MHz Oscillator

CDCM6208 Programmable PLL

LMK04096B Programmable PLL

SMA connector pairs for differential clock input and output

Memory

DDR3 SODIMM SDRAM
QDRI+ SRAM

FLASH

SD Card

Communication Ports

PCI Express (PCle) x4 iPass connector
Serial ATAhostand deviceorts

PCI ExpresgPCle)x8 edgeconnector
One mini Uart to USB connector

System Monitor and Control
Temperature sensor

Fancontrol

Power monitor

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

Power
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12V DC Input

1.3 Block Diagram

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

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

x172

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

XCVR x1

DDR3 SO-DIMM e

SSRAM 1024x16 bits
Flash Memory 60Mx16 bits

FMCC (LPC)

x172
D E—

XCVR x10
[ ———>]

FMCD (HPC)

XCVR x4

SATA Host x1, Device x1
XCVR x2

XCVRX4 ik BCl Express

«FPPX16,

o

Share Data/Addres Bus
Address Bus: 26-bits

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

Figure 1-1 Block diagram of the TR5 board

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

Stratix V GX FPGA

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

5SGXEABN3F45I3YY

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

352 VariableprecisionDSP blocks
28 Fractional PLLs and 4DLLs

> > > > > >

JTAG Header and FPGA Configuration

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

Memory devices

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

General user I/O

4 user controllable LEDs
4 usempush buttons
4 userslide switches

5

On-Board Clock

50MHz oscillator
Programming PLL providing clock for FMC transceivers

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

Two Serial ATA ports

SATA 3.0 standardat 6Gbpssignaling rate

Four FMC Connectors

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

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

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

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

Donodt support bi directional LVDS due t

LVDS

One 40pin GPIO Expansion Header

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

External PCI Express x4 iPass Connector

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

Power Source

DC 12V power adapter
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Chapter 2

Board Components

This chapteintroduces all the importamomponent®n theTR5.

2.1 Board Overview

Figure 2-1 is the top and bottom view of thER5 developmenboard. It depicts the layout of the
board and indicates the location of the connectors and key components. Users can refer to this
figure for relative locatiomf the connectors and key components
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Clock
Input/Output UART
SMA Connectors to

Power  Power
DC12v  Switch

Fan
Connector

Altera 20-nm

HPC(High Pin Count) Startix GX FPGA

CDCMe6208

LPC(Low Pin Count)
FMC

DDR3-SODIMM
(Support up to 8GB)

LED x4
Switch x4

MicroSD
Socket

Buttonx4
Mini PCle x4
Connector

Figure 2-1 FPGA Board (Top)
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Clock Generator

Temperature LMK04096B

Sensor

Power Monitor
INA231

Mode Selection
Switch

EPCQ (DNI)

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

Controller FLash SSRAM

Figure 2-2 FPGA Board (Bottom)

2.2 Configuration , Status and Setup

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

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

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

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

Il driver is installed on PC.

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

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

-~

A Status LED

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

Table 2-1 Status LED

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

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

D24 BOOT_PAGE

D12~D20,D33~D35

A Setup Configure ModeControl DIP switch

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

A Select Flash Image for Configuration

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

aslC| TR5 User Manual 13

www.terasic.com

www.terasic.com
April 20, 2020




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

A FMC VCCIO Voltage Setting Header

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

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

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

JP5 Setting

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

Short Pin 9 & 10

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

FMC A VCCIO Voltage

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

FMC connectors VCCIO to

3.0V)

Table 2-3 FMC B VCCIO Voltage Setting

JP6 Setting

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

Short Pin 9 & 10

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

FMC B VCCIO Voltage

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

Table 2-4 FMC C VCCIO Voltage Setting

JP7 Setting

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

Short Pin 9 & 10

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

FMC C VCCIO Voltage

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

Table 2-5 FMC D VCCIO Voltage Setting

TR5 User Manual
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LED Status
JP9 Setting FMC D VCCIO Voltage
D33 D34 D35
ShortPin1& 2 OFF OFF ON 1.2v
Short Pin3& 4 OFF ON OFF 1.5V
Short Pin5& 6 OFF ON ON 1.8V
Short Pin 7& 8 ON OFF ON 2.5V(Default)
ON ON OFF 3.0V(Must to set other 3
Short Pin 9 & 10 FMC connectors VCCIO to
3.0v)

A FMC JTA G Header

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

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

not be detected.

Figure 2-7 FMCC JTAG Header
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Table 2-6 FMC JTAG Header Setting

Headers Setting Description

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

G Short Pin2 & 3 Enable FMCD JTAG

Short Pin 1& 2 Disable FMCB JTAG
JP3 Short Pin 2& 3 Enable FMCB JTAG
IP4 Short Pin1& 2 Disable FMCC JTAG

Short Pin 2 & 3 Enable FMCC JTAG

2.3 General User Input/Output

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

A User DefinedPushbuttons

The FPGADboard includesgour user definegushbuttors that allowusergo interact with theStratix

V GX device.Each puskbutton provides a high logic level or a low logic level when it is not
pressed or pressed, respectivelgble 2-7 lists the board references, signal names and their
correspondingstratixV GX device pin numbers.

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

Board Schematic _ 1/0 Stratix V GX
) Description .

Reference Signal Name Standard |Pin Number
BUTTONO BUTTONO High Logic Level when the button is 1.5-v PIN_BC7
BUTTON1 BUTTON1 not pressed 1.5-v PIN_BD7
BUTTON 2 BUTTON2 1.5-v PIN_BBS8
BUTTON 3 BUTTONS 1.5V 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 theUPPERposition, it prowdes a low logic levebr a high

aslC| TR5 User Manual 18 www.terasic.com
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logic level to theStratix V GX FPGA The down position pnades a low logic level and the upper
position provides a high logic level.

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

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

Board Schematic . 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

The FPGAboard consists diour usercontrollable LEDs to allow status and debugging signals to
be driven to the LEBfrom the designs loaded into tlstratix V GX device. Each LED is driven
directly by theStratix V GX FPGA. The LEB areturned 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 givenTable 2-9.

Table 2-9 User LEDs Pin Assignments, 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 LED2 Driving alogic 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
transmi ssion speed of up to 3 Mbps. This inter
physical interface is done using UARJISB onboard bridge from a FT232R chip andnnects to

the host using a USB Tygg connector. For detailed information on how to use the transceiver,

pl ease refer to the datasheet, which is avai
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DatasheetgT232 folder on the Kit System CDrigure 2-7 shows the related schematics, and
Table 2-10lists theUART pin assignments, signal names and functions

/ANOSRVAN
= — /AN
E—' =\, UART_TX UART >

1 - - 3 u10 V us UART X J5
~ . USB
(€ £, tix' UART_RX Level Shift UART RX FT232R e

Figure 2-8 Connection between UART-To-USB and Stratix V GX FPGA

Table 2-10 UART-To-USB Pin Assignments, 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-V, PIN_T26
UART_RX/UART_RX Uart RX input to FPGA 1.2/1.5/1.8/2.5/3.0-V, PIN_T25

A Micro SD-Card

The development board suppokscro SD card interface using) data linesFigure 2-9 shows the

related signals connections between the SD CardStnadix V GX FPGA. Table 2-11 lists all the
associated pins
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R
22227

YY

SD_CLK
= > 5
SD_CDM
P 3
N\ SD_DATO
= 7 Micro-SD Card
N SD_DAT1 > 5 Sockel
SD_DAT2
\_SD. >
SD_DAT3/CD "

Y_>
vy

Figure 2-9 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

Signal
Name

SD _CLK
SD_CMD
SD_DATO
SD DAT1
SD _DAT2
SD_DAT3

2.4 Temperature Sensor

Description

Serial Clock
Command, Response
Serial Data 0
Serial Data 1
Serial Data 2
Serial Data 3

Monitor

Stratix V
I/0O Standard GX Pin

Number
1.5V PIN_BB39
1.5V PIN_BA36
1.5-v PIN_AvV37
1.5-v PIN_AY37
1.5-v PIN_BB36
1.5-v PIN_AW37

. Fan Control and Power

The FPGA boardis equipped with a temperature sensbtAX1619, which provides temperature

sensing and oveaemperature alert. These functions are accomplished by connecting the

temperature sensor to the internal temperature sensing diode &tretex V GX device. The

temperature status and alarm threshelgisters of the temperature sensor can be programmed by a
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two-wire SMBus which is connected to thstratix V GX FPGA. In addition, the -bit POR slave
address for this sensor i s set to 60011000b6o.

A 3-pin +12V fan located onl2 of the FPGAboard is intended to reduce the temperature of the
FPGA. The board is equipped with a F&peed regulator and monitdAX6650 with an
I2C/SMBus interfaces, Usersregulate and motor the speed ofan dependingon the measured
system temperature

The TR5 has implemented a power monitor chip to monitor the board input power voltage and
current.Figure 2-10 shows the connection between the powemitor chip and thé&tratix V GX

FPGA. The power monitor chip monitors 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, congairnwith an internal multiplier, enable direct readouts of
current in amperes and power in wattkte that, he temperature sensofan control and power
monitor share theame2C/SMBUS.

FPGA_I2C_SCL

J12

R 12C_SCL . B 7
< FPOAICSDA < 12C_SDA N \VAXG650 [PIERS FAN
< FAN_ALERT_n Connector
__ TEMP_INT.n u1s L TEMP_INT_n U11
__ TEMP_OVERT.n MEERSg  TEMP_OVERT.n MAX1619

POWER_MONITOT_ALERT

U35
'POWER_MONITOT_ALERT INA230

Figure 2-10 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 _ Stratix V GX Pin
) Description I/0 Standard
Signal Name Number
TEMPDIODED Positive pin of tem_perature diode in ) PIN PG
Stratix V —
Negative pin of temperature diode
TEMPDIODEN . . - PIN_P7
in Stratix V
FPGA 12C_SCL SMBus clock 1.5V PIN_AN11
22 .
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FPGA_12C_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) 1.5V PIN_AT8
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 Clock Circuit

The development board includes one 50 MHz and two programmable clock genéiigtors2-11
shows the default frequenciesarf-boardall externalclocks going to thé&tratixV GX FPGA

50M x7

PCLK
System Controller >
2 EPM2210
50MHz0SC ~[EEMMEMEN§  CDCLVC1310 50M x7 >

FMCA/D_ONBOARD_REFCLK_p/n0 x2 Pair,

FMCA/B/C/D_LA/HAHB_RXCLK p/n LVDS

FMCA/B/ICID

Connector

FMCA/B/C/D_LAHA/HB_TXCLK_pin

bl (DS
>

CDCM6208
LVDS Output

PCIE_ONBOARD_REFCLK_pin x1 Pair

SATA_HOST/DEVICE_REFCLK_p/n x2 Pels
DDR3_REFCLK_pin x1 Pair > 4

SMA_CLKIN_p

25MHz Crystal

SMA_CLKIN_n

FMCA/D_ONBOARD_REFCLK_p/n1 x2PB>§ 6

SMA_CLKIN_p

Y

" LMK040968
25MHz 0SC e LVDS Output

FMCB/C ONBOARD_REFCLK_p/n0 x2 F'alr, 644 5 SMA_CLKIN_n

A

Figure 2-11 Clock circuit of the FPGA Board

A clock buffer is used to duplicatee 50 MHz oscillator, sahere areseven50MHz clocks fed into
sevendifferent FPGA banksThetwo programmingclock generatorarelow-jitter oscillators which
are used tgorovide specialand high quality clocksignalsfor high-speedtransceivers and high
bandwidth memoryThroughl2C serial interfacethe clock generator controllenin the Stratix V
GX FPGAcan be used to program te@®CM6208and LMK04096B to generatd®>Cle SATA and
high bandwidth memoryefererte clocks respectively. Two SMA connectarad Four FMC
connectorprovideexternaldifferential clock inpu{s) andclock outpugs) respectively.

Table 2-9 lists theclock source signal namesdefaultfrequencyand their correspondingtratix V
GX device pin numbers.
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Table 2-9 Clock Source, Signal Name, Default Frequency, Pin Assignments and Functions

Schematic
Source| .
Signal Name
CLK_50 B3B
CLK_50 B4A
Y1l CLK_50 B4D
CLK_50 B7A
CLK _50 B7D
CLK_50 B8A
CLK_50 B8D
J3 SMA_CLKIN_p
J4 SMA_CLKIN_n
J1 SMA_CLKOUT _p
J2 SMA CLKOUT _n

FMCA_ONBOARD_REFCLK_pO
FMCD_ONBOARD_REFCLK_p0
PCIE_ONBOARD_REFCLK_p
u21
SATA_DEVICE_REFCLK_p

SATA_HOST_REFCLK_p

DDR3_REFCLK_p

FMCA_ONBOARD_REFCLK_p1

FMCD_ONBOARD_REFCLK_p1

u43

FMCC_ONBOARD_REFCLK_pO

FMCC_ONBOARD_REFCLK_p1

Default
I/O Standard
Frequency
1.5-v
1.5-v

1.2/1.5/1.8/2.5/3.0-V
50.0 MHz |1.2/1.5/1.8/2.5/3.0-V
1.2/1.5/1.8/2.5/3.0-V
1.2/1.5/1.8/2.5/3.0-V
1.2/1.5/1.8/2.5/3.0-V

User

Defined L5V
User
1.5-v
Defined
User
. 1.5~V
Defined 5
User
1.5V
Defined
125 MHz LVDS
125 MHz LVDS
100 MHz LVDS
150 MHz LVDS
150 MHz
133.333
MHz
644.53125 LVDS
MHz
644.53125 LVDS
MHz
644.53125 LVDS
MHz
644.53125 LVDS
MHz

Stratix V
GX Pin
Number
PIN_AW35
PIN_AP10
PIN_AY18
PIN_M8
PIN_J18
PIN_R36
PIN_R25

Application

External Clock

PIN_BCS8
- Input

PIN_BDS8 | Clock Output

PIN_AVS

PIN_AW9

FMCA port xcvr
reference clock
FMCD port xcvr
reference clock
PCle reference
clock
SATA Device
reference clock
SATA Host
reference clock
DDR3 reference
clock
FMCA port xcvr
reference clock
FMCD port xcvr
reference clock
FMCB port xcvr
reference clock
FMCC port xcvr
reference clock

PIN_Y38

PIN_Y7

PIN_AH39

PIN_AK7

PIN_BB33

PIN_T38

PIN_T7

PIN_AD39

PIN_AD6

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

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

Programmable Schematic Stratix V GX Pin

i ) I/0 Standard Description
Oscillator Signal Name Number
CDCM6208 CLOCK_SCL 2.5-V PIN_AR25 12C bus, connected
(U21) CLOCK_SDA 2.5-V PIN_BC25 with CDCM6208
LMKO04906_CLK 2.5-Vv PIN_AT24 I2C bus master output
LMK04906_DATAIN 2.5V PIN_BD25 only. connected with
- ~ - LMK04096B
LMK049068 I12C bus master input
(U43) LMKO04906_DATAOUT 1.5V PIN_BC29 signal P
LMKO04096B PLL
LMKO04906_LE 1.5-v PIN_AT33 .
locked signal

2.6 FLASH and SSRAM Memory

The development board had G bit CFI-compatible synchronous flash devioe nonvolatile

storage of FPGA configuration dateserapplicationdata, and user code spaaada 2V byte ZBT
SSRAM for data Cache.

The flashhas a 1ébit data bus and allow for FBR6 configuration. This device is part of the
shared flash and MAX (FM) bus, whidonnects to the flash memory and MAXCPLD
(EPM2210) System ControlleiThe SSRAMalso has a 1-8it data bus andhareaddress andata

bus with the flashi-igure 2-12 shows the connections between flash,SSRAM,MAX and
StratixV GX FPGA
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Command J o

ADDR x25
ADDR x25 >
¥ S Data x16

Flash x16
(128M)

Datax16 v
» | Data x16
SSRAM x16
Command ABBRX0 (2MB)

Figure 2-12 Connection between the Flash, Max and Stratix V GX FPGA
Table 2-11lists the flash pin assignments, signal names, and functions.

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

Schematic o Stratix V GX
] Description I/O Standard ]

Signal Name Pin Number
FSM_Al Address bus 2.5V PIN_AE11
FSM_A2 Address bus 2.5V PIN_AD14
FSM_A3 Address bus 2.5V PIN_AE14
FSM_A4 Address bus 2.5V PIN_AE10
FSM_A5 Address bus 2.5V PIN_AF10
FSM_A6 Address bus 2.5V PIN_AE12
FSM_AT7 Address bus 2.5V PIN_AF11
FSM_A8 Address bus 2.5V PIN_AG13
FSM_A9 Address bus 2.5V PIN_AJ10
FSM_A10 Address bus 2.5V PIN_AF13
FSM_Al11 Address bus 2.5V PIN_AE13
FSM_A12 Address bus 2.5V PIN_AJ11
FSM_A13 Address bus 2.5V PIN_BD11
FSM_A14 Address bus 2.5V PIN_AW10
FSM_A15 Address bus 2.5V PIN_AF14
FSM_A16 Address bus 2.5V PIN_AY12
FSM_A17 Address bus 2.5V PIN_AY10
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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 B
SSRAM_WE_n Flash Write enable, active low 2.5V PIN_AV11
SSRAM_OE _n Flash output enable, active 2.5V PIN AU10
low B
27
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SSRAM_ADV Flash Address valid, active
high
SSRAM_BWA n SSRAM Byte Write enable
SSRAM_BWB_n SSRAM Byte Write enable
FLASH_CLK Clock
FLASH_RESET n Reset
FLASH CE_n Chip enable of of flash-0
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 Ready of flash-0

2.7 DDR3 SO-DIMM

2.5V

2.5V
2.5V
2.5V

2.5V
2.5V
2.5V
2.5V
2.5V
2.5V
2.5V

PIN_BC26

PIN_AY25
PIN_BA24
PIN_T9

PIN_C17
PIN_H10
PIN_N16
PIN_C16
PIN_U10
PIN_H7
PIN_J8

The development board supports DDR3 SDRAM-BMM. TheDDR3 SODIMM socket is wired
to support a maximum capacity &BB with a 64bit data busUsing differential DQS signaling for
the DDR3 SDRAM interfaces, it is capable of running & to 800MHz memory clockfor a
maximum theoretical bandwidthp to95.4Gbps Figure 2-13 shows the connections between the

DDR3 SDRAM SODIMMs andStratixV GX FPGA
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DDR3 SO-DIMM

VVVYVYYVY

A\ 4

VVYVYY

A A

VVVYVYYY

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 2-13 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 Signhal Names, and Functions

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

Signal Name Number
DDR3_DQO0 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_DQs3 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
DDR3_DQ11 Data [11] SSTL-15 Class | PIN_AR29
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DDR3_DQ12
DDR3_DQ13
DDR3_DQ14
DDR3_DQ15
DDR3_DQ16
DDR3_DQ17
DDR3_DQ18
DDR3_DQ19
DDR3_DQ20
DDR3_DQ21
DDR3_DQ22
DDR3_DQ23
DDR3_DQ24
DDR3_DQ25
DDR3_DQ26
DDR3_DQ27
DDR3_DQ28
DDR3_DQ29
DDR3_DQ30
DDR3_DQ31
DDR3_DQ32
DDR3_DQ33
DDR3_DQ34
DDR3_DQ35
DDR3_DQ36
DDR3_DQ37
DDR3_DQ38
DDR3_DQ39
DDR3_DQ40
DDR3_DQ41
DDR3_DQ42
DDR3_DQ43
DDR3_DQ44
DDR3_DQ45
DDR3_DQ46
DDR3_DQ47
DDR3_DQ48
DDR3_DQ49
DDR3_DQ50
DDR3_DQ51
DDR3_DQ52
DDR3_DQ53
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Data [12]
Data [13]
Data [14]
Data [15]
Data [16]
Data [17]
Data [18]
Data [19]
Data [20]
Data [21]
Data [22]
Data [23]
Data [24]
Data [25]
Data [26]
Data [27]
Data [28]
Data [29]
Data [30]
Data [31]
Data [32]
Data [33]
Data [34]
Data [35]
Data [36]
Data [37]
Data [38]
Data [39]
Data [40]
Data [41]
Data [42]
Data [43]
Data [44]
Data [45]
Data [46]
Data [47]
Data [48]
Data [49]
Data [50]
Data [51]
Data [52]
Data [53]

30

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 |
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 |
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 |

PIN_AU31
PIN_AV32
PIN_AW32
PIN_AV31
PIN_AF28
PIN_AF29
PIN_AG30
PIN_AG29
PIN_AG28
PIN_AG27
PIN_AG26
PIN_AG25
PIN_BC31
PIN_BC32
PIN_BB30
PIN_BD31
PIN_BD32
PIN_BA30
PIN_AY31
PIN_AW30
PIN_BB29
PIN_BB27
PIN_BA27
PIN_AW27
PIN_AY28
PIN_BA28
PIN_AW29
PIN_AY27
PIN_AT27
PIN_AN25
PIN_AM25
PIN_AL25
PIN_AW26
PIN_AV26
PIN_AU27
PIN_AM26
PIN_AU28
PIN_AU29
PIN_AM28
PIN_AL27
PIN_AV28
PIN_AV29
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DDR3_DQ54
DDR3_DQ55
DDR3_DQ56
DDR3_DQ57
DDR3_DQ58
DDR3_DQ59
DDR3_DQ60
DDR3_DQ61
DDR3_DQ62
DDR3_DQ63
DDR3_DQS0

DDR3_DQS_n0
DDR3_DQS1

DDR3_DQS_n1
DDR3_DQS2

DDR3_DQS_n2
DDR3_DQS3

DDR3_DQS_n3
DDR3_DQS4

DDR3_DQS_n4
DDR3_DQS5

DDR3_DQS_n5
DDR3_DQS6

DDR3_DQS_n6
DDR3_DQS7

DDR3_DQS_n7

DDR3_DMO
DDR3_DM1
DDR3_DM2
DDR3_DM3
DDR3_DM4
DDR3_DM5
DDR3_DM6
DDR3_DM7
DDR3_AO
DDR3_Al
DDR3_A2
DDR3_A3
DDR3_A4
DDR3_A5
DDR3_A6
DDR3_A7

Data [54]
Data [55]
Data [56]
Data [57]
Data [58]
Data [59]
Data [60]
Data [61]
Data [62]
Data [63]
Data Strobe pJ[0]
Data Strobe n[0]
Data Strobe p[1]
Data Strobe n[1]
Data Strobe p[2]
Data Strobe n[2]
Data Strobe p[3]
Data Strobe n[4]
Data Strobe p[4]
Data Strobe n[4]
Data Strobe p[5]
Data Strobe n[5]
Data Strobe p[6]
Data Strobe n[6]
Data Strobe p[7]
Data Strobe n[7]
Data Mask [0]
Data Mask [1]
Data Mask [2]
Data Mask [3]
Data Mask [4]
Data Mask [5]
Data Mask [6]
Data Mask [7]
Address [0]
Address [1]
Address [2]
Address [3]
Address [4]
Address [5]
Address [6]
Address [7]
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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 |
Differential 1.5-V SSTL 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 |
Differential 1.5-V SSTL 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 |
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 |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |

31

PIN_AL28
PIN_AK27
PIN_AK24
PIN_AJ24
PIN_AH24
PIN_AH25
PIN_AH28
PIN_AJ28
PIN_AL26
PIN_AK26
PIN_AL30
PIN_AL31
PIN_AK30
PIN_AL29
PIN_AE27
PIN_AE28
PIN_AY30
PIN_BA29
PIN_BC28
PIN_BD28
PIN_AT26
PIN_AU26
PIN_AR27
PIN_AR28
PIN_AJ25
PIN_AJ26
PIN_AU32
PIN_AU30
PIN_AK29
PIN_BB32
PIN_BD29
PIN_AR26
PIN_AP27
PIN_AJ27
PIN_AM32
PIN_AF31
PIN_AJ33
PIN_AE31
PIN_AP33
PIN_AG32
PIN_AN33
PIN_AK33
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DDR3_A8
DDR3_A9
DDR3_A10
DDR3_A1l1l
DDR3_A12
DDR3_A13
DDR3_Al4
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_CKED
DDR3_CKE1
DDR3_ODTO
DDR3_ODT1
DDR3_WE_n
DDR3_CS_n0
DDR3_CS_n1l
DDR3_RESET _n

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 p0O
Clock n0
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

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 |

DDR3_EVENT _n
DDR3_SDA
DDR3_SCL

2.8 FMC Connector

The FPGA Mezzanine Card (FMC) interface providesechanism to extend the periphesat of
an FPGA host board by means of axd

JTAG, clock outputs and jputs, highspeed serial I/O (transceivers), and sirgheled or
differential signaling. The detailed specifications of the FMC connectors are described below

A 4 FMC Connector

www.terasic.com
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Chip Temperature Event
Chip 12C Serial Clock
Chip 12C Serial Data Bus

S

1.5V
1.5V

daughter
signaling requirements as well as lepeed device interface support. The FMC interfaces support

32

cards,

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
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There arefour FMC connectors on th&@R5 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 (Se@ure 2-13). The HPC connector on TR5 board can
provides 172 usedefine, singleended signaldricludeclock signals) and 10 serial transceiver pairs
(SeeFigure 2-15). The LPC connector can provides 76 udefine, singleended signalsirfclude

clock signals) and %erial transceiver pairSeeFigure 2-16). The HPC and LPC connectors use

the same mechanical connector. The only difference is which signals are actually populated. Thus,
cards with LPC connectors can be plugged into HPC. dilease note that some standard FMC
cards may not work with TR5 due to unidirectional LVB&e to Stratix V device

FMC D FMC A
(Hight Pin Count) (Hight Pin Count)

¢ x172 x172
XCVT x10 XCVT x10
ARIERAN
Stratixx'V
GX
FMC C —_— FMC B
(Low Pin Count) — (Low Pin Count)

x76 X76
<
XCVT x1 XCVT x1

Figure 2-14 FMC connectors on TR5 board
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K J H G F E D C B A
1| FMC_X_VREF GND FMC_X_VREF GND GND GND NC GND
2 GND HA_TX_p5 NC CLK_M2C_p1 GND HAO01_P_CC GND DP_C2M_p0 GND DP_M2C_p1
3 GND HA_TX_p5 GND CLK_M2C_n1 GND HAO1_N_CC GND DP_C2M_n0 GND DP_M2C_n1
4| HA_TX_p8 GND CLK_M2C_p0 GND HAQO_P_CC GND GND DP_M2C_p9 GND
5 HA_TX_n8 GND CLK_M2C_n0 GND HAQO_N_CC GND GND DP_M2C_n9 GND
6 GND HA_RX_p5 GND LA RX CLK p GND HA_RX_p0 GND DP_M2C_p0 GND DP_M2C_p2
7| HA_RX p8 HA_RX_n5 LA_TX_p0 LA_RX_CLK n| HA_TX p0 HA_RX_n0 GND DP_M2C_n0 GND DP_M2C_n2
8| HA_RX_n8 GND LA_TX_n0 GND HA_TX_n0 GND LA_TX_CLK p GND DP_M2C_p8 GND
9 GND HA_TX_p6 GND LA _RX_p0 GND HA_RX_p1 LA TX CLK n GND DP_M2C_n8 GND
10| HA TX p9 HA_TX_né LA TX p1 LA RX_n0 HA_TX p1 HA_RX n1 GND LA _RX_p1 GND DP_M2C _p3
11| HA_ TX n9 GND LA _TX n1 GND HA_TX_n1 GND LA _TX p2 LA _RX_n1 GND DP_M2C_n3
12 GND HA_RX_p6 GND LA RX_p2 GND HA_RX_p2 LA _TX_n2 GND DP_M2C _p7 GND
13| HA_RX pS HA_RX_n6 LA_TX p3 LA RX_n2 HA_TX p2 HA_RX_n2 GND GND DP_M2C_n7 GND
14| HA_RX_n9 GND LA _TX_n3 GND HA_TX_n2 GND LA _TX_p4 LA_RX_p3 GND DP_M2C _p4
15 GND HA_TX_p7 GND LA RX_p4 GND HA_RX p3 LA _TX_n4 LA_RX_n3 GND DP_M2C _n4
16| HA_TX p10 HA_TX_n7 LA _TX_pb LA _RX_nd HA_TX_p3 HA_RX_n3 GND GND DP_M2C_p6 GND
17| HA_TX_n10 GND LA_TX_n5 GND HA_TX_n3 GND LA_TX_p6 GND DP_M2C_n6 GND
18 GND HA_RX_p7 GND LA_RX_p6 GND HA_RX_p4 LA_TX_n6 LA_RX_p5 GND DP_M2C_p5
19| HA_RX _p10 HA_RX_n7 LA_TX_p7 LA_RX_n6 HA_TX_p4 HA_RX_n4 GND LA_RX_n5 GND DP_M2C_n5
20| HA_RX_n10 GND LA_TX_n7 GND HA_TX_n4 GND LA_TX_p8 GND GND
21 GND HB_RX_p5 GND LA_RX_p8 GND HB_RX_p0 LA_TX_n8 GND GND
22| HA_RX_p8 HB_RX_n5 LA_TX_p8 LA_RX_n8 HB_TX_p0 HB_RX_n0 GND LA_RX_p7 GND DP_C2M_p1
23| HA_RX_n8 GND LA_TX_n9 GND HB_TX_n0 GND LA TX_p11 LA _RX_n7 GND DP_C2M_n1
24 GND HB_TX_p5 GND LA _RX_p9 GND HB_RX_p1 LA _TX_n11 GND DP_C2M_p9 GND
25| HB_TX p8 HB_TX_n5 LA _TX p10 LA RX_n9 HB_TX p1 HB_RX n1 GND GND DP_C2M_n9 GND
26| HB_TX n8 GND LA_TX n10 GND HB_TX_n1 GND LA_TX p13 LA_RX p11 GND DP_C2M_p2
27 GND HB_RX_p6 GND LA_RX p10 GND HB_RX p2 LA_TX_n13 LA_RX n11 GND DP_C2M_n2
28| HB_RX_p9 HB_RX_n6 LA_TX_p12 LA_RX_n10 HB_TX_p2 HB_RX_n2 GND GND DP_C2M_p8 GND
29| HB_RX_n9 GND LA_TX_n12 GND HB_TX_n2 GND GND DP_C2M_n8 GND
30 GND HB_TX_p6 GND LA_RX_p12 GND HB_RX_p3 GND DP_C2M_p3
31| HB_TX p9 HB_TX_n6 LA TX p14 LA RX_n12 HB_TX_p3 HB_RX_n3 GND DP_C2M_n3
32| HB_TX n9 GND LA TX n14 GND HB_TX_n3 GND DP_C2M _p7 GND
33 GND HB_TX p7 GND LA _RX p13 GND HB_RX p4 DP_C2M_n7 GND
34| HB_RX p10 HB_TX_n7 LA _TX p15 LA_RX _n13 HB_TX p4 HB_RX n4 GND DP_C2M_p4
35| HB_RX_n10 GND LA_TX n15 GND HB_TX_ n4 GND GND DP_C2M_n4
36 GND HB_TX p7 GND LA_RX p14 GND HB RX _CLK p DP_C2M_p6 GND
37| HB_TX p10 HB_TX_n7 LA TX p16 LA RX n14 |HB TX CLK p|HB RX CLK n DP_C2M_n6 GND
38 HB_TX_n10 GND LA TX n16 GND HB_TX_CLK_n GND DP_C2M_p5
39 GND NC GND GND DP_C2M_nS
40 NC GND NC GND
Figure 2-15 Pin-Out of the high pin count FMC connector
34 .
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1 NG NC FMC_X_YREF GND NC NG PG_C2M GND NC NC

2 NG NC NC CLK_M2C_p1 NC NC GND DP_C2M_p0 NC NG

3 NG NC GND CLK_M2G_n1 NC NG GND DP_C2M_n0 NC NG

4 NG NC CLK_M2C_p0 GND NC NC GBTCLK_M2C_p0 GND NC NG

5 NG NC CLK_M2C_n® GND NC NC GBTGLK M2C nd GND NC NG

6 NG NC GND LA RX_CLK_p NC NG GND DP_M2C_p0 NC NG

7 NC NC LATX_p0 | LA RX_CLKnn NC NC GND DP_M2C_n0 NC NC

8 NC NC LA_TX_n0 GND NC NG LA TX_GLK p GND NG NC

9 NG NC GND LA_RX_p0 NC NC LA TX_CLK n GND NC NG
10 NG NC LA_TX p1 LA_RX_n0 NC NG GND LA_RX_p1 NC NG
11 NG NC LA_TX_n1 GND NC NC LA_TX_p2 LA RX_n1 NC NG
12 NG NC GND LA_RX_p2 NC NC LA_TX_n2 GND NC NG
13 NG NC LA_TX p3 LA_RX_n2 NC NC GND GND NC NG
14 NC NC LA_TX_n3 GND NC NC LA_TX_p4 LA_RX_p3 NC NC
15 NC NC GND LA_RX_p4 NC NG LA_TX_n4 LA_RX_n3 NC NC
16 NG NC LA_TX p5 LA_RX_n4 NC NC GND GND NC NG
17 NG NC LA_TX_n5 GND NC NG LA_TX_p6 GND NC NG
18 NG NC GND LA_RX_p6 NC NC LA_TX_n6 LA_RX_p5 NC NG
19 NG NC LA_TX p7 LA_RX_n6 NC NC GND LA_RX_n5 NC NG
20 NG NC LA_TX7 GND NC NC LA_TX_p8 GND NC NG
21 NC NC GND LA_RX_p8 NC NC LA_TX_n8 GND NC NC
22 NC NC LA_TX_p9 LA_RX_n8 NC NG GND LA_RX_p7 NC NC
23 NG NC LA_TX_n9 GND NC NC LA TX p1 LA_RX_n7 NC NG
24 NG NC GND LA_RX_p9 NC NG LA_TX .11 GND NC NG
25 NG NC LATX p10 | LA RXn9 NC NC GND GND NC NG
26 NC NC LA_TX_n10 GND NC NC LATX p13 | LA RX p1i NC NG
27 NG NC GND LA_RX_p10 NC NC LATXn13 | LARXn1l NC NG
28 NC NC LATX p12 | LARXn10 NC NC GND GND NC NC
29 NC NC LA_TX_n12 GND NC NG TCK GND NC NC
30 NG NC GND LA RX_p12 NC NC DI SCL NC NG
31 NG NC LATX p14 | LARXn12 NC NG TDO SDA NC NG
32 NC NC LA TX n14 GND NC NC PVCESEEN  GnD NC NC
33 NC NC GND LA_RX_p13 NC NC TMS GND NC NG
34 NG NC LATX p15 | LARXn13 NC NC TRST_L GAL NC NG
35 NC NC LA_TX_n15 GND NC NC GA1 VCC12_FMC_X NC NC
36 NC NC GND LA_RX_p14 NC NG GND NC NC
a7 NG NG LA TX p16 | LA RX.n14 NG NG VCC12_ FMC X NG NG
38 NG NC LA_TX_n16 GND NC NG NC NG
39 NG NC GND NC NG NC NG
40 NC NC GND NC NC NC NG

Figure 2-16 Pin-Out of the low pin count FMC connector

A Clock Interface

Due to the limitation of the FPGA clock input piumbers, not all the FMC ports have same clock
interface.
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Table 2-15 shows the FPGAedicatectlock input pin placement on each FMC port.
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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 110 CLK22p /0 110

CLKO_M2C_N 1/0 CLK22n I/0 I/0
CLK1_M2C P 110 CLK23p I/0 CLK15p
CLK1_M2C_N 110 CLK23n 110 CLK15n
HAO01_P_CC CLK17p N/A N/A CLK14p
HAO01_N_CC CLK17n N/A N/A CLK14n
LAO1_P_CC CLK19p CLK21p CLK7p = CLK13p
LAO1_N_CC CLK19n | CLK21n CLK7n CLK13n

Please note that, all thaedicated clock pirof the FPGA are connesd to external termination
resistos (SeeFigure 2-17). IF users want to us these 1/0O as sirghel standard, plear remove
these resistors.

R11 CLKBN_ARTUDIFFIU_RX_B2UBN/DWSNUB

E CLK9P_AR1T1/DIFFIO_RX_B206P/DQSE9B

ALERT 25 Avyg | CLKSN_AT11/DIFFIO_RX_B206N/DQSNG9B
BAo | CLK10P_AY9/DIFFIO_RX B202P/DQS68B

SMA_CLKIN_p *pBce | CLK10N_BASY/DIFFIO_RX_B202N/DQSN68B

2 1309 SWA CIRIN T BOo | CLK11P_BC8/DIFFIO_RX_B200P/DQSE7B
e
1

CLK11N_BD8/DIFFIO_RX_B200N/DQSNE7B

Bank 4D VCCIO = adjustable

OSC_60_B4D AY18 /caniiz default = 2.5V

A7 CLK6P_AY18/DIFFIO_RX_B142P/DOS48B

FMCC_LA_RX_CLK_p "BBTE | CLKEN_BA1B/DIFFIO_RX_B142N/DQSN48R

FRICC TA RX CTK n Bai7 | CLK7P_BB18/DIFFIO_RX_B144P/DQ48B
CLK7N_BB17/DIFFIO_RX_B144N/DQ48B

Bank 7A VCCIO = adjustable

OSC_5i
OSC_50 B7A Tg CLK12P_MS/DIFFIO_RX_T3P/DQS1T default = 2.5V
253 EMCD_LA_RX_CLK % Mo | CLK12N_LB/DIFFIO_RX_T3N/DQSN1T
,_M\/‘ FMCD_LA_RX CLK n Lg | CLK13P_M3I/DIFFIO_RX_TSP/DQS2T
275 FMCD. HA RX CIK p Eg | CLK13N_LO/DIFFIO RX T5N/DQSN2T

I FMCD _HA RX CLK n D9 | CLK14P_EB/DIFFIO_RX T9P/DQS3T

12 5 FTMCD CLK M2C pT_Bs | CLK14N_DY/DIFFIO_RX_TON/DQSN3T
,_‘%\/\ TMCD_CLK_M2C nT_Ag | CLK15P_B8/DIFFIO_RX T11P/DQSAT
- CLK15N_A8/DIFFIO_RX_T11N/DQSN4T

0SC 50 B7D 8 Bank 7D VCCIO = adjustable
TRICA GAD 75| CLK18P_J18/DIFFIO_RX_T69P/DQS23T default = 2.5V
280 FMCA TARX TR 5 G16 | CLK18N_H18/DIFFIC_RX_TBIN/DQSN23T
1 FWCA TA RX CLK n fig | CLK19P_G16/DIFFIO_RX_T67P/DQ23T
— CLK19N_F16/DIFFIO_RX_T67N/DQ23T

Bank 8A VCCIO = adjustable

OSC_5
OSC_50_B8A Eg? CLK20P_R36/DIFFIO_RX_T201P/DQSETT default = 2.5V
a4 FMCE LA RX_CLK F U35 ] CLK20N_P37/DIFFIO_RX_T201N/DQSN67T
,—508\» FRMCE LA RX CLK n Tag | CLK21P_U3G/DIFFIO_RX T199P/DQ67T
o TMCE TR MoC_p0 Bag | CLK21N_T36/DIFFIO_RX_T199N/DQGTT

I FMCE CLK M2C n0 Aag | CLK22P_B39/DIFFIO_RX T195P/DQS65T

125 FMCB _CLK MZC _pT a7 | CLK22N_A38/DIFFIO_RX_T195N/DQSNEET
,—thg\/\ FIICE CIR MZC T A37~| CLK23P B37/DIFFIO_RX_T193P/DQE5T

CLK23N_A37/DIFFIO_RX_T193N/DQ6B5T

Bank 8D VCCIO = adjustable

0SC_50_B8D
—— §§§ CLK16P_R25/DIFFIO_RX_T135P/DQS45T default = 2.5V

2 FMCA HA RX_CLK p ““Nag | CLK16N_P25/DIFFIO_RX_T135N/DQSN45T

100 FWCA HA RX CTR n Mog | CLK17P_N25/DIFFIO_RX_T133P/DQ45T

CLK17N_M25/DIFFIO_RX_T133N/DQ45T

StratixV 5SGXA7/AB NF45
PIN VERSION : 1.0
DATE : MAR-20-2011

Figure 2-17 Termination resistors on FMC clock I/Os
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A Power Supply

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

Also, the 12V DC power suppliesirom theFMC portshave fuses for protection. Users wtlao n 6 t
needthe powerfrom theFMC can remove thedases 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 I/0O.

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 I/O Standards

The FPGAI/O standard of the FMC ports can be adjusted lopnfiguringthe heademposition Each
port can be individually djusted to1.5V, 1.8V, 2.5V or 3.0V via jumperson the TR5 boardrFor
detailed setting, please referSection2.2.

A JTAG Chain on FMC

Figure 2-18 shows the JTAG chain loop of the TR5 board. The JTAG interface on the FMC

connectors can be activated through foipif3 headerskor detailed setting, please referSection
2.2.
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Figure 2-18 JTAG Chain for a Standalone TR5

FPGA

TDO

A Component Information of the FMC Connector

Table 2-17 shows thenanufacture and part numbers of EHMC 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
Viale High Pin Count(HPC) SAMTEC ASP-134488-01
(For Daughter Board) Low Pin Count(LPC) SAMTEC ASP-134604-01
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2.9 SATA

The two Serial ATA (SATA) portsare available on theFPGA development board which are
computer bus standard withprimary function of transferring data between the motherboard and
mass storage devices (such as hard drives, optical drives, anestatdiddisks).Supporting a
storage interface is just one of many different applicati@mnswhich an FPGA can be used in
storage appliances. Ti8tratix VGX device can bridge different protocols such as bridging simple
bus 1/Os like PCI Express (PCle) to SATA or netkvterfaces such as Gigabit Ethernet (GbE) to
SATA. The SATA interface supports SATA 3.0 standard with connection speed of 6 Gbps based on
Stratix VG X device with integrated transceivers compliant to SATA electrical standards.

Thetwo Serial ATA (SATA) ports includeneavailable portfor device andneavailableport for
host capable of implementing SATA solution with a design that consists of both hosirgat

(device side) functiong=igure 2-19 showsthe connections between tlBATA and Stratix V GX
FPGA

B

BRN
R
BERR

3

fle

Figure 2-19 Connection between the SATA and Stratix V GX FPGA
Table 2-18, list the SATA pin assignmentandsignal names relative to ti&ratixV GX device

Table 2-18 SATA Pin Assignments, Schematic Signal Names, and Functions

Schematic Description I/O Standard|Stratix V

aslC| TR5 User Manual 40 www.terasic.com

WWW. Lerasic.com Aprll 20, 2020




/AVOTS RYAN,

Signal Name GX Pin
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
2.10 GPIO

The TR5 Board provides 40-pin expansion header. The header connects directly to 36 pins of the
StratixV GX FPGA, and also provides DC +5V (VCC5), DC +3.3V (VG@B} and two GND pins.
Figure 2-20 shows the 1/O distribution of the GPIO connector. The maximum power consumption
of the daughter card that connects to GPIO port is showable 2-19.

Figure 2-20 GPIO Pin Arrangement

Table 2-19 Power Supply of the Expansion Header

Supplied Voltage Max. Current Limit
5V 2A
3.3V 3A

Each pin on the expansion headers is connecteddeel shiftthat providesan I/O voltage level
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shift from 2.5V to 3.3Vfor the daughter cardFigure 2-21 shows thdevekshift circuitry for only
one of the pin on the header, but this circuitry is included for all 36 data pins.

Figure 2-21 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 Signhal Names, and Functions

Signal Name Description I/O Stand Stratix V GX Pin Number
GPIO[0] GPIO Connection
DATA[O] 2.5V PIN_AU36
GPIO[1] GPIO Connection ey PIN AE36
DATA[1] -
GPIO[2] GPIO Connection ey PIN_AF35
DATA[2]
GPIO[3] GPIO Connection Y PIN AE35
DATA[3] ' -
GPIO[4] GPIO Connection
DATA[4] 2.5V PIN_AN36
GPIO[5] GPIO Connection
DATA[S] 2.5V PIN_AP36
GPIO[6] GPIO Connection
DATA[6] 2.5V PIN_AG34
GPIO[7] GPIO Connection ey PIN AK35
DATA[7] -
GPIOQ[8] GPIO Connection ey PIN_AN34
DATA[8]
GPIO[9] GPIO Connection ey PIN AH34
DATA[9] ' -
42 :
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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[27]
GPIO[28]
GPIO[29]
GPIO[30]

GPIO[31]

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]
GPIO Connection
DATA[27]
GPIO Connection
DATA[28]
GPIO Connection
DATA[29]
GPIO Connection
DATA[30]
GPIO Connection
DATA[31]
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2.5V
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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

PIN_AL35
PIN_AH22
PIN_AP34
PIN_AJ23
PIN_AJ34
PIN_AJ22
PIN_AK23
PIN_AL23
PIN_AL24
PIN_AK21
PIN_AM23
PIN_AL21
PIN_AN23
PIN_AU23
PIN_AR24
PIN_BA25
PIN_AR23
PIN_BB24
PIN_BC23
PIN_AT23
PIN_AV23

PIN_BD23
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GPIO[32] GPIO Connection ey PIN BB26
DATA[32] -
GPIO[33] GPIO Connection
2.5V PIN_AW2
DATA[33] 5 - 3
GPIO[34] GPIO Connection 2BV PIN AY24
DATA[34] ' -
GPIO[35] GPIO Connection
DATA[35] 2.5V PIN_BB23

2.11 PCI Express

TheTR5 development boarteaturesonePCle Expresslownstreaminterfaces X4 lane) which are
designed tonterface witha PC motherboarng4 slot via PCle cable and PCle adapter chitdizing
built-in transceivers on a Strati¥ GX device, it is able to provide a fully integrated PCI
Expresscompliant solution for multlane (x4) applicationsWith the PCI Express hard IP loko
incorporated in the StratiX GX device, it will allow users to implement simple and fast protgcol
as well as saving logic resources for logic applicaion

The PCI Express interface supports complete PCl Express @erfl5Gbps/laneGen2 at
5.0Gbps/langcand GefB at 8.0Gbps/lane protocol 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.

To use PClenterface, twoexternalassociatedievices will be neeztlto establisha link with PC.
First,a PCle haHlheight addin hostcard with a PCle x4 cable connectailedPCA (PCle Cabling
Adapter Card an@eeFigure 2-22) will be used to plugnto thePCle slot ora mother board. Then,
a PCle x4 cable (Seeigure 2-23) will be used to connect TRboard and PCle ada card as
shown inFigure 2-24, the longest lengths up to 3 metes. These two associated devsae not
included in TK kit. To purchase thBCA cardas well as the external cabjdeaseefer to Terasic
websitepca.terasic.conandPCle_Cableterasic.com
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Figure 2-22 PCle Cabling Adaptor(PCA) card

Figure 2-23 PCle External Cable
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Figure 2-24 PCle Link Setup between TR5 and PC

PCleWAKE n & -
PCle pREST_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 2-25 PCI Express Pin Connection

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

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

Schematic o Stratix V GX Pin
. Description I/0 Standard
Signal Name Number
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PCIE_REFCLK_p PCle reference clock HCSL PIN_AK38
PCIE_PREST_n PCle present active low 1.5V PIN_AU33
PCIE_WAKE_n PCle wake 1.5-v PIN_BD35

PCIE_TX_ p[O0] PCle Transmitter data p0O 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 p1 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 pl[2] PCle Receiver data p2 1.4-V PCML PIN_AW41
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 creatigstom design project on tl*GAboard by using
the Software Tool$ System Builder.

3.1 Introduction

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

Quartus Il Project File (.qpf)

Quartus Il Setting File (.gsf)

Top-Level Design File (.v)

External PLL Controller (.v)

Synopsis Design Constraints file (.sdc)

5

Pin Assignment Document (.htm)

5

The System Builder not only can generate the files above, but can also providehercking rules
to handle situation that are prone to errors. The common mistakes that users encounter are the
following:

Board damaged for wrongin/bank voltage assignment.

Board malfunction caused by wrong device connections or missing pin counts for connected
ends.

Performancehat hasdropped because of improper pin assignments
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3.2 General Design Flow

This section will introduce the general desifiow to build a project for th&PGAboard via the
System Builder. The general design flow is illustrated infigeire 3-1.

Users should launc8ystem Builder and create a new project according to their design requirements.
When uses complete the settings, tisg/stem Builder will generate two major files which include
top-level design file (.v) and the Quartus Il setting file (.gsf).

The toplevel design file contains tefevel Verilog wrapper for users to add their own design/logic.
The Quartus Il setting file contains information such as FPGA device typ&uelppin assignment,
and 1/O standard for each us#afined I/O pin.

Finally, the Quarus Il programmer must besed to download SOF file thhe 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 compuwtéhout 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 TR5 V1.0.0

LRy

UNIVE
PROGRAM

www, LErBSIC. Gom

2x20 GPIO Expansion

System Configuration

Board Type: | TRE_A7
Project Name:  TRE
CLOCK
LEDx 4
Power Monitor

[V] SSRAM (2ME)
[V] Flash (128MB)
[V MicroS0 Socket
[¥] DDR3 SODIMKA
[V] PCl Express

[¥] CDChE208 PLL

CDCME208 Programmakle PLL
FrCa_REFCLE_O
FMCO_REFCLE_O

SATA_HOST_REFCLK,
SATA_DEVICE_REFCLE,
PCIE_DB_REFCLE:
DODR3_REFCLE:

LiKD40968 PLL
FrCA_REFCLE_T

[V] Switch x 4

Button x 4

[Vl Temperature Sensor
[¥] Fan Control
[Z]UART to USE

(7] ShA

[V] Sata Host

[V Sata Device

[¥] LMKD4095E PLL

100.0 - | bMHZ
100.0 - [MHZ
1R0.0 - | MHZ
100.0 - | MHZ

133.333 - |MHZ
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
-
FMC-D HPC Altera FMC-A HPC Vita
FMCHPC- Altera Standard - [FMC HPC - VITA Standard -
Frefix Mame: HIZE Frefix Mame: HRC
.
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 typERS_A7 or TR5_AB )and input project name as showHigure 3-3.

A Project Name:

Specify the project name as it is automatically assigned to the name of 4kgdbgesign entity.
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Terasic TRS V1.0.0 (=25l

Alﬂ-a% System Configuration

FROCRAM tcrm Board Type: | TRE_A7 - |
PROGRA M WWWIErasic.com .
Project Name:(TRS )

CLOCK, Switch x 4
[WILED x 4 [¥] Buttonx 4
Pawer Monitar [V] Temperature Sensor
SSRAM (2ME) Fan Contral
[V| Flash (128MB) [V UART to USE
[V MicroSD Socket V] SMA,
DDR3 SODIMM Sata Host
FClExpress Sata Device
[V] COCMB208 PLL [¥] LMK 040968 FLL
CDCKBZ08 Programmable PLL
FMCA_REFCLK_D: [100.0 - | MHZ
FMCD_REFCLK_D: (100.0 - | MHZ
SATA_HOST_REFCLK: |150.0 - | MHZ
SATA_DEYICE_REFCLK: |150.0 - | MHZ
PCIE_OB_REFCLK [1000 ~|MHZ
DDR3_REFCLK: [133.333 - | MHZ
2x20 GPIO Expansion LMK040968 PLL
Y FMCA_REFCLK_1: |64453125 = |kHZ
GPIO Default - FMCB_REFCLK_D: |64453128 = |kHZ
Prefix Name: FMCC_REFCLK_0: |B4453125 = |MHZ

FMCD_REFCLE_1: |644.53125 = |MHZ

FMC Expansion
I N ~
FMC-D HPC Altera FMC-A HPC Vita
FMC HPC- Altera Standard - |FMC HPC - VITA Standard -
Prefix Narne: HPC Prefix Name: HPC
s RS 4
( 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 A
’ 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 Configuration users are given the flexibility of enabling theice of components

on theFPGAas shown iriFigure 3-4. Each component of tHePGA boards listed where users can
enable or disable a component according to their design by simply marking a check or removing the
check in the field provided. Ithe component is enabled, tlgstem Bilder will automatically
generate the associated pin assignments including the pin name, pin location, pin direction, and 1/O
standards.
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Note: The pin assignments for some componef@sg. DDR3 and SATA) require associated
controller codes in the Quartusopect otherwise Quartus will result in compilation errors.
Therefore, do not select them if they are not necessary in your désigse the DDRS3 controller,
please refer to the DDR3 SDRAM demonstratio mapter 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: |100.0 + | 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 ara@wo externalplls on-board that provide reference clocks for the following signals

. FMCA_ONBOARD_REFCLK
. FMCD_ONBOARD_REFCLK
. PCIE_ONBOARD_REFCLK
DDR3_REFCLK
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SATA DEVICE_REFCLK
SATA_HOST REFCLK
FMCB_ONBOARD_REFCLK
FMCC_ONBOARD_REFCLK

To use theselocks, users can select the desired frequency on the Program@sdil&ator group,
as show in Figure 3-5. FMC, DDR3, PCle or SATA must be checked before users can start to
specify the desired frequency in thegrammable oscillators.

As the Quartus project is createtthe System Builder automiglly generates the associated
controleraccor ding to user\erdogdkekscheflatrkegtuaeney use
as no additional control code is requitecconfigure thgorogrammable oscillator

Note: If users need to dynamically chanthe frequency, they would need to modify the generated
control code themselves.
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Terasic TRS V1.0.0

/ANO[SRYA)

UNIVERSITY tcr
FROGRAM WNWELeraslc.com

2x20 GPIO Expansion

GFIO Default

Frefix Mame:

FMC Expansion

System Configuration
Board Type: | TRE_AT ']
Froject Mame:  TRA
CLOCK Switch x 4
[VILED x 4 [¥] Button x 4
Pawer Monitar [V] Temperature Sensor
SSRAM (ZME) Fan Contral
Flash (128MB) UART to USB
MicroSD Socket Shia
[V|DDR3 SODIMM [¥] Sata Host
PC| Express Sata Device
CDCMB208 PLL LMKD40958 PLL )
ﬂ:ocmazna Programmahle PLL \
FMCA_REFCLE_D: |100.0 - | MHZ
FMCD_REFCLK_0: 1000 =|MHZ
SATA_HOST_REFCLEK: [150.0 - | MHZ
SATA_DEWICE_REFCLK: |150.0 - | MHZ
PCE_OB_REFCLK: 1000  ~|MHZ
DDR3_REFCLK: [133.333 - | MHZ
LMK04096B PLL
FMCA_REFCLK_1: |64453125  ~|MHZ
FMCB_REFCLK_D: |64453125  ~|MHZ
FMCC_REFCLK_D: |64453125  ~|MHZ

\ FMCD_REFCLK_1: |644.53126  «|MHZ /

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 provides functions to resttafault setting, loading a setting, and saving

user so

boar @) file, maasghowg inf-igutei 3&.nUsers can save the current board

configurdion information into acfg file and load it to th&ystem Builder.
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Terasic TR5 V1.0.0 :
System Configuration
UNIVERSITY ‘“M Board Type: | TRE_A7 .]

PROGRAM WWwterasic.com

Frojact Mame:  TRE

CLOCK Switch x 4

[V|LEDx 4 [¥| Buttan x 4

[Vl Power Monitar [Vl Temperature Sensor

[V 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
COCMEZ0E Programmahle PLL

FriZA_REFCLE_D: |100.0 - | MHZ

FMCD_REFCLK_0: [100.0 | MHz
SATA_HOST_REFCLK: MHZ
SATA_DEVICE_REFCLK: [1500  +|MHZ
PCIE_OB_REFCLK: [100.0 | MHz

DDR3_REFCLK: |133.333 - [ MHZ

2x20 GPID Expansion LMKO4096E FLL

FMCA_REFCLK_1: (64453125  «|MHZ

GPIO Default A FMCE_REFCLK_D: |E4453125 = |MHZ
Frefix Marne: e FMCC_REFCLE_D: |B4453126 = | MHZ
=5 FMCD_REFCLK_1: (64453125  ~|MHZ

FMC Expansion

Ty ™y
FMC-D HPC Altera FMC-A HPC Vita
FMC HPC - Altera Standard - |FMC HPC - VITA Standard -
Prefix Narme: HPC Prefix Narme: HPC
b AN "
1 N [ FMCBLPC h
FMC-C LPC Altera Vita
|FMC LPC - Altera Standard - |FMCLPC-ITA Standard -
Prefix Narme: LPC Prefix Narme: LFC
b AN A

(DefaultSetting ] l Load Setting... ] l SaveSetting...D Generate... ] [ Exit l

Figure 3-6 Project Settings

A Project Generation

When users press tli@eneratebutton, theSystem Builder will generate the correspondigartus
Il files and documents as listed in thable 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 CDCM6208_controller (*) CDCM6208 External PLL controller IP
3 LMKO04096B_controller(*) LMKO04096B External PLL controller IP
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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 I
7 <Project name>.htm Pin Assignment Document

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

(*) The LMKO04096B_controller is a folder which contains the verilog files taviK04096B
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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/7
// External PLL CDCM6208 Configuration
/7

// Signal declarations
‘define CDCM6208_MODE 0
‘define CDCM6208_MODE_1
‘define CDCM6208_MODE_2

//FMCA(100),FMCD(100) ,PCIE(100), SATA HOST(150),SATA DEVICE(150),DDR3(133.333)
//FMCA(125) ,FMCD(125) , PCIE (100) , SATA HOST (150) ,SATA DEVICE(150),DDR3(133.333)
//FMCA(150) , FMCD (150) , PCIE (100) , SATA HOST (150) ,SATA DEVICE(150),DDR3(133.333)

“define CDCM6208 FMCA DISABLE BIT
‘define CDCM6208_FMCD DISARLE_BIT
*define CDCM6208_SATA HOST DISABLE_BIT
‘define CDCM6208_SATA DEVICE_DISABLE_BIT
‘define CDCM6208 PCIE DISARLE BIT
‘define CDCM6208 DDR3 DISARLE BIT

wire [1:0] cdcme208_ freg select;
wire [5:0] cdem6208_freq disable;
vire cdem6208_reset_n;

wire cdcm6208_iZc_done;

// Structural coding

assign cdcmé€208_reset_n = CPU_RESET n;

assign cdcm6208 freg select = “CDCMe208 MODE 1;
assign cdcm6208_freqg disable = 6'b000000 ;

I2C_CDCME208_Config I2C CDCMEZ208_Config inst(
.icLEK(0sc_50_B3B), //S0MHZ
.iRST N{cdcm6208_reset_n),

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

// i2c
. IZC_SCLK (CLOCK_SCL} .
. IZC_SDBT (CLOCK_SDB} .

.I2C DONE (cdcmé6208 i2c done)

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

‘define FMCA 644M53125 BIT 4 'he /764
‘define FMCBE_644MS53125 BIT 4'!
‘define FMCC 644M53125 BIT 4 'hl /764
*define FMCD 644M53125 BIT 4'h4 /764

nononon
(Ll L
[ ST S S I oS
ooonoGnoLn

[

wire [3:0] 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 tt@edeaccording to
user s Obedagia.i r ed
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Chapter 4

Flash Programming

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

so that your own design loads from flash memory into the FPGpoaver up. This chapter will

describe how to use Altera Quartus Il Programmer Togrtgramthe common flash interface
(CFI) flash memory device on the FPGA baafthe Stratix V X GX FPGA development board
ships with the CFI flash devicpreprogrammed wh a default factory FPGA configuration for
running theParallel Flash Loadeatesign example

4.1 CFIl Flash Memory Map

Table 4-1 shows tle default memory contents afLGb (L28MB) CFlI flashdevice.Theflash device
has a 1ébit data busFor thefactory defaultcodeto run correctly and update designs in the user
memoyy, 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 i 0xO003FFFF
Factory hardware 41984 0x00040000 i 0x0293FFFF
User hardware 41984 0x02940000 i 0x0523FFFF
Factory software 23424 0x05240000 i 0x0691FFFF
User software and data 23424 0x06920000 i 0xO7FFFFFF

For userapplication, user hardwarean be stored with start addre8s02940000 and the usés
software is suggested to be stored with start addre3892000Q The Quartusll Programmer is
usedfor programming the flash. Befongrogramming users need tbundle their .sof files and
NIOS Il .elf files together and then convert thento the.pof file which is used by th€onvert
Programming File tool. Before Bundle, user should trangdle .elf to .hexat first with NIOS I
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EDS toolandnios2-elf-objcopy tool. For convenience, the SystedD contains a batch file for file
translation and flasprogmmming with users givessofand.elffiles.

4.2 FPGA Configure Operation

Here is the procedure to enable FPGA configuration from Flash:

1. Please make sure the FPGA confagiondatahas beerstored in the CFI flash.

2. SettheFPGAconfigurationmodeto FPPXL.6 mode by settinggW5 MSEL[0:4] as 000 as
shown inFigure 4-1.

3. Specify the configuration of the FPGUsing the defaulfFactory Configurationor User
Configurationby settingSW4 according td-igure 4-2.

4. Power ontheFPGADboard or press MAX_RST button if board is already p@den

5. Whencorfigurationis completed, the green Configure DdrteD D21 will light. If there is
error, the red Configure ErreiED D23 will light.

JC607

5 Ga)Rdlcsio
e e
o
S

Figure 4-1 MSEL[0:4] set to 000000
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Figure 4-2 Configuration Image Selection

4.3 Flash Programming with Users Design

Userscan program the flasinemory device so thatcustomdesignloads from flash memory into
the FPGA orpower up. Forconveniencethe translation and programming batch filesarailable
on the Demonstrationflash_programmingjash_programmingoatch folder in the System CD.
There folder contains five files &hownin Table 4-2

Table 4-2 Content of flash_programming_batch folder

Files Name Description

TR5_PFL.sof Parallel Flash Loader Configuration File
flash_program.bat Top batch file to generate and download the .pof file
build_hex.sh Translate .elf into .hex file

output_file.cof input file for convert

program_flash.cdf Input file for download

factory.sof Factory Hardware design file for Hello Demo
factory.elf Factory Software design file for Hello Demo
user.sof User Hardware design file

User.elf User Software design file
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To apply the batch file to essd .sof and .elf file, users can changhe .sof filename in the
output_file.cof file and .elffilename in the build_hex.sh as shown in Figure 4-3.

16 <gzof datarl

17 {start_address>02940000</start_address>l

15 {end_address>0523FFFF</end_address>

19 {user_namerPage_1</user name>/|

20 {page_flags>2</page_flags>|

21 <hit0>d

22 <snf_filenasuf_filename>
23 it

24 <fsof_data>l

9| # convert to .hex as uer imagel

10| "$SOPC_KIT_NI0S2/nios2_command_shell. sh” elf2flash ——base=0z00000000 --end=0x07FFFFFF --reset=0x06920000 ”inp’uutpuf.:user.flash --boot=§50PC_KIT_NIOS2/components/al tera_nios2/koot_loader_cfi. srec
11| "$50FC_KIT_NIOS2/niosZ_command shell.sh” niosZ-elf-ckicopy -I srec -0 ihex user.flash user.hex!

12| exite

Figure 4-3 Change to usersd.sof and .elf filename

If your design does notcontain a NIOS 1l processor, users caghange the content
AChild_OpMask(6 1 0 11 0 0) to AChild_OpMask(6 1 0 10 0 0) of program_flash.cdf file as
shown inFigure 4-4.

/% Quartus IT 64-Bit Version 15.0.0 Build 145 04/22/2015 Patches 0.32 5] Full Version */J
JedecChain; +

FileRevision(JESD3ZA) ;.

Defaul thir (6E) ; +

P ActionCode (Cfg)
Device PartName (5SGXEATNZF45) Path(””) File("TRS_PFFL.sof”) NirSpec(OpMask (1) SEC_Device(CFI_16B) (Child OpMask(s 1 0 1 1 0 0))PFLPath({“ocutput_file.pof™}) ;¢
+

ChainEnd; ¢
&
AlteraBegin; ¢
ChainType (TTAG) ; &
AlteraBnd; L

Figure 4-4 Disable .elf translation and programming

If your designincludes aNIOS Il processor and the NIOS |l program is stored on external memory,
users must to perform following items g@®NIOS Il program can be boot from flash successfully:

1. QSYSshould include a Flash controller for the CFI Flash on the development [Rieade
ensure thathe base address of the controller is 0x00, as showiyine 4-5.
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In NIOS 1l processor opti@ select FLASH as reset vector memoayd specify

0x06920000 as reset vector, as showririgure 4-6.

K4 d §XE+

AddvessMap 5% | Inferconnect Reguitements 53 | Dewice Family 58 =
= | [« | M9 System: HELLO_QSVS
T Comnections Name Description Export Clock Base
B 1] nins2_genZ Mios 1T Processor o
clk Clock Input _elk
reset [Reset Input [clk]
—_— data_master valon Memory Mapped Master [c1k]
—_— instruction_master \valon Memory Mapped Master [e1k] _
irg Interrupt Receiver [c1k] 17
S debug_reset request Reset Qutput [c1k]
debug_mem_slave \bvalon Memory Mapped Slave [clk] Dx1140_0800
custom_instroetion_ma... Custom Instroction Master
B cfi_flash_atb_bxidg... |Tri-State Conduit Brid ge
clk (Clock Input wys_clk
resst Resst Input [clk]
oz Tristate Conduit Slave [clk]
out onduit cfi_flash_stb_bridge 0...
B 1 ext_flash (Generic Tri-State Controller )
clk Clock Tnput el
reset Reset Input [c1k]
ua \bwalon Memory Mapped Slave [clk] ( @ Ox0000_D0oo
—_— o Tristats Conduit Master [clk] -
4 1] "

Figure 4-5 Flash Controller Settings in QSYS

|.. Reset Vector

Feset vector memory: ext flash. uas

Reset vector offset: 1x06920000

Reset vectaor: Jx06920000

Figure 4-6 Reset Vector Settings for NIOS |l Processor

For implementation detail, users can refer the Hello example located in the CD folder:

Demonstrations/ Hello

4.4 Restore Factory Settings

This section describes how to restore the origiaetiory contents to the flash mematgvice on the
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FPGA development boarBerform the following instructions:

Make sure the Nios Il EDS and USBasterll driver are installed.

Make sure the FPGA board and B@connected with a UBS Cable.

Power on thé&PGA board.

Copy the i D e mo n s flasha pragramnsintiactory programming_batah folder under
the CD toyour PG local drive.

Executethe batch file flash_progratvat to start flash programming.

Power off theFPGA Board.

Set FPGA configure nae as FPPx1®8ode by setting SWMSEL[0:4] to 00000.

Specify configuration of theFPGAto Factory Hardware by setting the FAORY_LOAD
dip in SWA to thed0bposition

9. Power on the FPGA Board, and fienfigure Dond_.ED should light.

bR

© N oo

Except for programminghe Hash wih the default code PFL, the batch file also veritFL
(Parallel Flash Loader) Option Bits data into the address 0x30000. The option bitpelefas
0x2940000 as start address of ydwardwaredesign.

The Quartusll programtool quartus_pgm programsthe Hash based on the Parallel FlashLoader
design inthe FPGA
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Chapter 5

Programmable PLL

This chapter introducesIR5 peripheral interface reference designs. It mainly introduces
CDCM6208 and LMK04096B:hips which are programmable clock generasoMe provide two
ways PureRTL IP and NOS/Qsys Systemrespectively to show how to contréDCM6208 and
LMKO04096B to outputdesired frequenes. The source codes and tool of these examples are all
available on the System CD.

5.1 Config ure CDCM6208 and LMK04096B in RTL

There aretwo clock generatorsCDCM6208 and LMK04096B>n TR5 FPGA board can provide
adjustable frequency reference clock (Segire 5-1) for FMC, SATA, DDR3 and PCIE interfaces,
etc. The CDCM6208clock genertor can outpusix differential frequencies from 100Hz800Mhz
though 12C interface configuratiomhe LMK04096B clock generatocan output four differential
frequencies from 100Hz 2600Mhz thoughSPlinterface configurationThis sectionwill show you

how to useFPGA RTL IPto configurethe PLLs and generate users desired output frequency to
each peripheral

66
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FMCA/D_ONBOARD_REFCLK_p/n0 x2 pair

» 125MHz LVDS

PCIE_ONBOARD_REFCLK_p/n x1 pair
25MHz i CDCM6208
Crystal LVDS output SATA_HOST/DEVICE_REFCLK_p/n X2 pair

DDR3_REFCLK_p/n x1 pair

» 100MHz LVDS

» 150MHz LVDS

» 133.333MHz LVDS

@;tl;('V

» 644.53125MHz LVDS

FMCA/D_ONBOARD_REFCLK_p/n1 x2 pair

LMK04096B
25MHz OSC I
- LVDS output FMCB/C_ONBOARD_REFCLK_p/n0 x2 pair

» 644.53125MHz LVDS

Figure 5-1 Programmable PLL Block diagram

~

A Creating CDCM6208 Control IP

System Builder tool ( locate in System CD) can be used to help users @De#6208 and
LMKO04096B to output desired frequencies, and generate a Quartus project with control IP.
System Builder window, when checking the boxesbfC, SATA, DDR3 and PCIEinterfaces,
CDCM6208and LMK04096Bcorresponding output channels will become available. For example,
when selectiCDCM6208 PLLO and ALMKO0496B PLLO(SeeFigure 5-2), all the clock channels
controled by the CDCM620&nd LMK0496Bwill be active and numbers of tlieequenciesanbe
chosen

System Configuration System Configuration
UNIVERSITY '“m Board Type: | TRE_AT? v UNIVERSITY t‘m Board Type: | TRE_A7 ~
FROGRAHM wiwterssiceom = o e cam

ROGRAM =

ProjectName: | TRS | ProjectName:  [TRS
CLOCK. [ Switchx 4 HcLock [ Switchx 4
MLEDx 4 [Button x4 FALEDx 4 A Euttan x 4
4 Power Manitor 2 Temperature Sensor [ Power Monitor [ Temperature Sensor
SSRAM (2MB) FFan Cantrol [AISSRAM (2MB) FFan Control
[ Flash (126MB) FIUART to USE [AFiash (128ME) MUART 1o USE
M MicroSD Sacket EASHA AMicroSD Sacket FSMA
[]DDR3 SODIMM [Sata Host CIDDR3 SODIMM [1Sata Host
[1PCl Express [Sata Devics [IPCl Express [1Sata Device
| Cicocmea0s FLL CILMKD4086E PLL | | Zcocmezos FLL | hK040368 PLL |
CDCMB208 Programmkle PLL — CDCME208 Programmatile PLL
FMCA_REFCLK_0: | Disable MHZ FhCA_REFCLK_0 T
FMCD_REFCLK_0:  Disable MHZ FMCD_REFCLK A
SATA_HOST_REFCLK  Disable MHZ SATA_HOST_REFGLC fFa
SATA_DEVICE_REFCLK. | Disable MHZ SATA_DEVICE_RERCLK
PCIE_OB_REFCLK Disabls MHZ o PCIE_OB_REFCLK. Disable
DDR3 REFCLK Disabls MHZ DDR3_REFCLK: 133333 ~ MHZ
24200 GPIO Expansion LMKO40368 PLL 2x20 GPIO Expansion LIKO40368 PLL
FMCA_REFCLK_1; |Disable MHZ FMCA_REFC 64453125
None - FMCE_REFCLK 0 | Disable MHZ Nane v FMCE_REFCLK 0 64453125 b
Bl |:| FMCC REFCLK_0: | Disahle MHZ BebeNemE |:| FMCC_REFCLK Y 64453125 b
FMCD_REFCLK_1: Disable MHZ FMCD_REFCLK_1-\G4453125 MHZ

Figure 5-2 Enable CDCM6208 clock on System Builder
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It

/I External PLL CDCM6208 Configuratierr====
/I Signal declarations

‘define CDCM6208 MODE_0 2'd0
‘defineCDCM6208_MODE_1 2d1l
‘define CDCM6208 MODE_2 2'd2
"define CDCM6208_FMCA_DISABLE_BIT 6'n000001
“define CDCM6208_FMCD_DISABLE_BIT 6'n000010
‘define CDCM6208_SATA_HOST_DISABLE_BI%'b000100

‘define CDCM6208_SATA_DEVICE_DISABLE_BIT

6'n001000
‘define CDCM6208_PCIE_DISABLE_BIT 6'n010000
‘define CDCM628_DDR3_DISABLE_BIT 6'0100000
wire [1:0] cdcm6208_freq_select;
wire [5:0] cdcm6208 freq_disable;
wire cdcm6208_reset,cdcm6208_i2c_done;

/I Structural coding
assign cdcm6208_reset_n = CPU_RESET_n;
assign cdcm6208_freq_selectéGDCM6208_MODE_0;
assign cdcm6208_freq_disable
*CDCM6208_FMCA_DISABLE_BIT
*CDCM6208_FMCD_DISABLE_BIT
*CDCM6208_SATA_HOST_DISABLE_BIT
*CDCM6208_SATA_DEVICE_DISABLE_BIT
*CDCM6208_PCIE_DISABLE_BIT
*CDCM6208_DDR3_DISABLE_BIT;
I12C_CDCM6208_Config2C_CDCM6208_Config_inst(
JCLK(OSC_50_B3B), //50MHZ
ARST_N(cdcm6208_reset_n),
AFREQ_SELECT(cdcm6208_freq_select),
IFREQ_DISABLE(cdcm6208_freq_disable),
Ili2c
12C_SCLK(CLOCK_SCL),
12C_SDAT(CLOCK_SDA),
.12C_DONE(cdcm6208_i2c_dong)

It

/I External PLL LMKO0490&Configuratiorr=====
It

/I Signal declarations

‘define FMCA_644M53125 BIT 4'h8 //644.53125 MHz
‘define FMCB_644M53125 BIT 4'h2  //644.531%1z
‘define FMCC_644M53125 BIT 4'hl  //644.53125 MHz
‘define FMCD_644M53125 BIT 4'h4  //644.53125 MHz

wire [3:0] Imk04906_freq_select;
wire Imk04906_reset_n;
wire Imk04906_spi_dorne

/I Structural coding
assign Imk04906_reset nCPU_RESET n;
assign Imk04906_freq_select = 4'h0000;

SPI_LMKO04906_Config SPI_LMKO04906_Config_inst(
.clk50(0OSC_50_B4A), //5S0MHZ
.rst_n(Imk04906_reset_n),
AFREQ_SELECT(Imk04906_freq_select),

Il spi

.LMK04906_CLK(LMK04906 CLK),
.LMK04906_DATAIN(LMK04906_DATAIN),
.LMK04906_LE(LMK04906_LE),
.SPI_DONE(Imk04906_spi_done)
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When user finish the clock settingliok "Generaté' button then, open the Quartusrdrect
generated byhe System Builder, ta control IPs folCDCM6208andLMK04096B can be found in

the top level file.

| f t he

out put

frequency

doesnot

need

to

be mo

compile it,thenthe CDCM6208 and LMK04096Ran outputhe desired frequencies. At the same
Cl

time, System Builder will ge

shown inFigure 5-3).

(0]

ck

constrain

s file to match users logic.

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

"

create clock -period "
create_clock -period "
create_clock -period "
create clock —period "
create clock —period "
create_clock -period "
create_clock -period

create_clock

,,,,,

create clock —period "
create clock —period "
create clock -period "1
create_clock -period "1
create clock -period "I
create_clock -period "1
create clock —period "I
create clock —period "I

. 000000 MHz"
. 000000 MHz"
. 000000 MHz"
.000000 MHz"
.000000 MH=z"
. 000000 MHz"
. 000000 MHz"
.265625 MHz"
.265625 MHz"
.531250 MHz"
.531250 MHz"

3.333328 MHz"
. 000000 MHz"
. 000000 MHz"
.000000 MHz"
.000000 MH=z"
. 000000 MHz"

[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports
[get_ports

0SC_50_B3B]
0SC_50_B4A]
0SC_50_B4D]
0SC_50_BTA]
0SC_50_B7D]
0SC_50_BEA]
0SC_50_BED]

FMCA_ONBORRD_REFCLE p[l
FMCS_ONBORRD_REFCLE_p[C
FMCC_ONBOARD REFCLE p[C
FMCD_ONEORRD REFCLK p[l

DDR3 REFCLE p]

FMCA_ONBORRD_REFCLE p[C
FMCD_ONBORRD_REFCLE p[C

PCIE_ONBORRD_REFCLK p]
SATA DEVICE REFCLE p]
SATA_HOST_REFCLK p]

Figure 5-3 SDC file created by System Builder

A Using CDCM6208 control IP

Table5-1 lists the instruction ports @DCM6208Controller IP

Port
iCLK

iRST_n

iFREQ_DISABLE

iFREQ_SELECT

12C_DONE

www.terasic.com

Table 5-1 CDCM6208 Controller Instruction Ports

Direction
input

input

input

input

output
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Setting CDCM6208 Output Channel Frequency

CDCM6208 Configuration status (O:

Description

11
11
11
11

11
11

accordi

System Clock (50Mhz)
Synchronous Reset (0: Module Reset, 1:
Normal)
Disable the CDCM6208 output frequency

combination mode

ng

user 6
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Configuration in Progress, 1: Configuration

Complete)
[2C_DATA inout I2C Serial Data to/from CDCM6208
[2C_CLK output I12C Serial Clock to CDCM6208

As shown in Table 5-2, the CDCM6208 control IPs have presethree output frequency
combinationsif users want to change frequency, users can fill in the input ppREQ_SELEC

with a desiredFrequency combination modeand recompile the project. Faxample, in
CDCM®6208control IR change

assign cdcm62® freq_select = "CDCM6208 MODB;_
to assigncdcm6208_freq_select = ' CDCM6208_MODE_1;
Recompile projecthe CDCM6208output frequencgombinationwill change frommode Oto 1.
Table 5-2 CDCM6208 Controller Frequency Setting

iIFREQ_SELECT| FMCA FMCD PCIE |SATA HOST |SATA DEVICE| DDRS3
MODE Setting [Freq(MHz)Freq(MHz)Freq(MHz) Freq(MHz) Freq(MHz) Freq(MHz)

2'b00 100 100 100 150 150 133.333
2'b01 125 125 100 150 150 133.333
2'b10 150 150 100 150 150 133.333

Users can also dynamically modify the input parameters, and input a positieetregtyer for
AIRST_No, andthenthe CDCM6208output frequency can be modified.

After manually modifying, please remember to modify the corresponding frequency value in SDC
file.

A Modify Clock Parameter For Your Own Frequency

If the CDCM6208control IP buildin frequencies are ntheu s e r s 0 fredquerkiesuserd can
refer tothe below steps to modify contrahe IP register parameter settingsrtwdify the IP to
output a desired frequency

1. Firstly, download ClockBuider Pro SofargSeeFigure 5-4), which is provided byl'l. This
tool can help users to set tkOCM6208 s out put frequency of eec¢
GUI interface, and it will automatically calculate the Regigi@rameters required for each
frequency. The tool download link:
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http://www.ti.com/lit/sw/scac134d/scacl34d.zip

% CDCM6208 EVM Software (v3.24) TR3_peli.ini - X
File Tools Setup PinModes Help

CDCM6208 VICO Range: 2940 to 3130 MHz
Desired Output:
@rLL Lock
DS
@ USB Connected 4k N o s L]
: t it .
Estimated Supply Current: 253.00 mA D S o6 i gpret
LVDS v
. , -
Charge pump PRI Of/.w %1 b2 150.00 MHz ¢ ppp
Disable [ Acto and loop filter 3000.00 M QS—EC-—‘ e 5
€3 2425pF -}
DMtz F___H o 125.00 MHz

R3 1000 b
LVDS v

125.00 MHz

CP| 500uA v

|
<

AR AR

600 MHz

LVDS v
100.00 MHz

Disable v

N —— |

hrumiary Jrpu Frequency Planner
Secondary Input F——
oop Filter LvDs v

Output channels 0 and 1 — 5 y
Output channels 2 and 3 ( Read All 2o [ Bestlitter 3B M= L0 PPM
Output channel 4 Reset Disable « ‘Cl
Output channel 5 Calibrat of F

ibrate Best Jitter 0PPM
Output channel 6 Gb

Sync

Output channel 7 O 189 25/33

Figure 5-4 ClockBuilder Pro Wizard

2. After the installation, selec€CDCM6208 and configure the input frequency and output
frequencyas shown iriFigure 5-5.

@ CDCMB208 EVM Software (v3.24) TRS_peli.ir
File Tools Setup PinModes Help <w T —~ = v
CDCM6208 | Version2 v | Vi .
Desired Input (MHz) 0 Desired Output:
@PLL Lock :
Desired Outputs (MHz) {LVDS 3
@ USB Connected Cutput: |0 PPM: |50 T g 0: —

Estimated Supply Current: 253 [] Y0-Y3 (Integer divider) Outpe

Output: 0 PPM: |50 Best Jitter LLVDS v E

[] ¥0-¥3 (Integer divider) Outpt 150.00 MHz o ppm
Output: [0 PPM: |50 Best Jitter B
[T] Y0-¥3 (integer divider) Outpt LWDS 2
125.00 MHz
e Output: [0 PPM: 50 Best Jitter v |
[] Y0-¥3 (Integer divider) Outpt Lw[)s v
Cutput: [0 PPM: |50 Best Jitter v 125.00 MHz
Crystal v [_] YO-¥3 (Integer divider) Outp -
fvos
Output: [0 PPM: |50 i v
Sk Best iter 100.00 MHz

[] Y0-¥3 (Integer divider) Outpt

Solve for V1 |
Frequency Planner
Secondary Input ————

St Toop Filt " v
Qutput channels0and 1 () 1.8 2.5/3.3 e I » DI

Output channels 2 and 3 () 1.8 2.5/3.3 Read All » [ Best Jitter 133333333 MHz

0PPM
Output channel 4 : 8e) 25/3, Reset Disable ~ ‘Cl
Output channel 5 0149 2533 Calibrate °fob BestIiter 0 poM

LDisable v

Primary Input ’ Solve for V2 l

N

QOutput channel 6 O 1.89 25/33 Syme
Output channel 7 O 180 25/33
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Figure 5-5 Define Output Clock Frequencies on CDCM6208 EVM Software

3. After the setting is completed BICM6208 EVM Softwaregenerates eegistertable which
contains users setting frequency corresponding regiatee (SeeFigure 5-6).

Figure 5-6 Open Register Table on CDCM6208 EVM Software

4. OpenCDCM6208control IP submo d u P& COCM6208_ Config vas $hown ir-igure
5-7, referto Register Tableo modify all thesubmodule corresponding register vaduSee
Figure 5-8).

www.terasic.com

TR5 User Manual

72 .
www.terasic.com

April 20, 2020





























































































































































































































































