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Chapter 1

Overview

This chapteprovides an overview of thER4 Development Board and details the components and
features of the board

1.1 General Description

The TR4 Development Board provides the ideal hardware platform for system designs that demand
high-performance, serial connectivignd advanced memory interfacideveloped specifically to
address the ragly evolving requirements in many emdarkes for greater bandwidth, improved

jitter performance, and lower power consumptjothe TR4 is powered by the Stratix® [V GX
device and supported by indusstandard peripherals, connectors artdrfaces that offea rich set

of features that is gable for a wide range of compuitgtensive applications

The advantages of the Stratix® IV GX FPGA platform witkgratedtransceivers ha allowed
the TR4 to be fully compliant with versior2.0 of the PCI Express standaithis will accelerate
mainsteam development of PCl Expresased applicationsnd enablecustomers to deploy
designs for a broad range of higheed connectivity applications

The TR4 is supported by multiple reference designs simdHigh-Speed Mezzanine Card (HSMC)
connectorghat allow scaling and customization with mezzanine daughter c&uaislargescale
ASIC prototype developmentmultiple TR4s can be stacked together to create an
easilycustomizablanulti-FPGA system.
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1.2 Key Features

Featured Device

Altera Stratix® IV GX FPGAEP4SGX23C2/EP4SGX53C2)

5

Configuration and Set-up Elements

Built-in USB Blaster circuifor programming
Fast passive pdtal (FPP) configuration via MX Il CPLD andFLASH

Componens and I nterfaces

Six HSMC connectorgtwo with transceiver support)
Two 40-pin GPIOexpansion heade(shara pins with HSMC Port G
Two externalPCIl Express D (x4 lane) connectar

Memory

DDR3 SO-DIMM socket(8GB Max)
64MB FLASH
2MB SSRAM

General User I nput/Output:

FourLEDs
Fourpushbuttons
Fourslide switches

Clock system

On-board50MHz oscillator
Threeon-boardprogrammable PLL timing chg
SMA connector pair for differential clock input
SMA connector pair for differential cloakutput
SMA connector for external clock input

www.terasic.com
January 26, 2021
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., SMA connector for clock output
Other

Tenmperature sensor
FPGA cooling fan

5

5

1.3 Board Overview

Figure 1-1 andFigure 1-2 show the top and bottom view of thER4 board It depicts the layout of

the board and indicatesehocation of the connectors and key compondsgers can refer tthese
figures for relative location when the connectors and key components are introduced in the
following chapters

usB
Blaster Power HSMC

. DDR3 SO-DIMM HSMC 64MB
P‘[”L Switch - PortE (o ohort up to 4GB) PortD Flash
19V§C Fl’ower [ N l ‘ . i 2MB SSRAM ‘
a Uppc)t/ 1 | =L 1/0 Groups Voltage-
onnector Level Indicator LEDs

1/0 Groups Voltage-Level
Setting Header

HSMC Port A

MAX Il
+——— CPLD EPM2210
System Controller

JTAG Header
] Three External

STRATIX IV GX PLLs
EP4SGX230KF40C2 or T
EP4SGX530KH40C2 [ _ : H 4 ‘ 7 o00rsrs ||
L A i | g
PCle 1 Connector %:'w = ! a (St i o - vf—rf’ _;l — PCle 0 Connector
\ o J

50MHz

Fan Connector Oscillator

i Two 40-Pin
GPIO Connectors

HSMC Port B

——— HSMC Port C

JTAG DIP Switches :
4 User LEDs
4 Slide Switches

I R ‘ fi 4P ‘B
e-config ush-Buttons X
HSMC Port F Push-Button Clock
| Input/Output
MAX Il Reset SMA Connectors
Push-Button
Figure 1-1 TR4 Board View (Top)
aslC| TR4 User Manual 3 www.terasic.com
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3.3V HSMC Fuse

HSMC Port D — - HSMC Port A

ALOSHNLT ft‘
X I WAUNLY ¥
HSMC Port C - p e Rl cvic PortB

e
8| nporf
ALOSHNLY P

- 12V HSMC Fuse

Figure 1-2 TR4 Board View (Bottom)

1.4 Block Diagram

Figure 1-3 showsthe block diagram of th&R4 board To provide maximum flexibility for the
uses, all key components are connected with 8tatix IV GX FPGA deviceallowing theuses to

implementany system desig

aslC| TR4 User Manual 4 www.terasic.com
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Transceiver Link
GPIO

i —

FPGA

DDR3 SODIMM HSME FLASH&512Mb
i SSRAM 2MB
IX126 Ixsz Ixa Ix74

X82
«—>

X82
«—>

HSMA X8
«—>

X4
PCle0 X4 | g

HSMD
X4
«—> PCle1 X4

X4
-

X82

LED X4
HSMF Button X4
Slide SW X4

@ @ SMA_CLKIN @
SMA CLK_OUT SMA_GXBCLK
SMA_CLKOUT

Figure 1-3 TR4 Block Diagram

Belowis more detailed informatioregardingthe blocks inFigure 1-3.

Stratix IV GX FPGA

EP4SGX230C2

www.terasic.com

228000logic elements (LES)
17,133total memory Kb
1,28818x18bit multipliers blocks
2 PCI Expres$ard IPblocks
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744user 1/Os
., 8phasdockedloops (PLLS)
EP4SGX53@C2

5

531,20000gic elements (LES)
27,37& totalmemory Kb
1,02418x18bit multipliers blocks
4 PCI Expressard IPblocks
744user 1/Os

8 phasdockedloops (PLLS)

Configuration Deviceand USB BlasterCircuit

MAXII CPLD EPM2210 System Controller and Fast Pasd?arallel (FPP)
configuration

On-board USB Blastefior use with theQuartus Il Programmer
Programmable PLL timing chip configured via MAX Il CPLD

Suppors JTAG mode

Memory Devices

64MB Flash(32M x16) with a 16ébit data bus
2MB SSRAM (512K x 32)

DDR3 SO-DIMM Socket

Up to 8GB capacity
Maximummemoryclock rate ab33VIHz
Theoreticabandwidthup to68Gbps

5

5

LEDs

. 4usercontrollable LEDs
Active-low|

5
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Push-buttons

4 userdefinedinputs
Active-low

Slide Switches

4 slide switches for usedefined inpus
Logic low for DOWN position; Logic high for UP position

On-Board Clocking Circuitry

50MHz oscillator

SMA connector pair for differential clock inputs
SMA connector pair for differential cloakutputs
SMA connectoffor external clock input

SMA connectoffor clock output

Two PCI Express ¥ Edge Connectors

Support connection speed of Genl .&Gbps/lane to Gen2 at®&bps/lane
Supportdownstreanmode

Six High SpeedMezzanineCard (HSMC) Connectors

Two HSMC ports includé6 pairsof CDR-based transceivest datarates of up t06.5Gbps

Among HSMC Port Ato D, there are 55 true LVDS TX channels to 1.6Gbps and 17
emulated LVDS TX channels up to 1.1Gbps whereas there are 9 additional TX channels from
HSMC Port E.

Configurablel/O standard- 1.5V, 1.8V, 25V, 3.0V

5

Two 40-pin GPIO ExpansionHeaders

aslC| TR4 User Manual 7 www.terasic.com
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72 FPGA 1/O pins4 power and ground lines
Share pinswith HSMC Port C
Configurablel/O standard: 1.5V, 1.8/, 2.5V, 3.0V

5

5

Power

StandaloneDC 19V input

Other

Temperature Sensor
Cooling Fan

1.5 Assembly

Attach the includedubber (silicon) foot starg] as shown irrigure 1-4, to each of thdour copper
stands on the TR4 board.

Figure 1-4 Mount Silicon Foot Stands

aslC| TR4 User Manual 8 www.terasic.com
www.terasic.com January 26, 2021




Chapter 2
Using the TR4 Board

This chapter gives instructions for using Te4 board and itsomponents

It is stronglyrecommended that usemsad theTR4 Getting StartedGuidepdf before operatingthe
TR4board The document icatedin the Usermanualfolder on theTR4 System CD The contents
of the document include thHellowing:

Introduction to th& R4 DevelopmenBoard
TR4 DevelopmenKit Contents

Key Features

BeforeYou Begin

Software Installation
DevelopmenBoardSetup

Programming the Stratix IV GRevice

Programming througklash

2.1 Configuration Options

A JTAG FPGA Programming with USB-Blaster

The USB-blaster is implemented on tHd&R4 boardto providea JTAG configuration throughhe
on-board USBto-JTAG configuration logichroughthe type-B USB connector,rmFTDI USB 20
PHY device, and an Altera MAX Il CPLLCFor this programming modepnfigurationdatawill be
lost when the power is turned off

To download a configuration bit stream into the StrAfixaX FPGA, perform the following steps:

www.terasic.com
January 26, 2021
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Makesure that power is provided theTR4 board

Open JP7 tbypasgheJTAG interface otheHSMC if it w 0 nb& tised

Connect the USB cabBupplieddirectly tothe USB Blaster poxtf the TR4 board (ge
Figure 2-1).

The FPGA can now be prognanedin the Quartus Il Programmeéyy selecing a
configuration bit stream file with theof filename extension

If usels need to uséheJTAG interface on HSMC, please refer to Section 2.2 for detailed
HSMC JTAGswitchsetting.

TR4 Board

JTAG_TCK
USB USB MAX [] JTAG_TMS /ANOTSRYA\,
i Connector il %6 CPLD EPM240 TA TD hE N Gvra "g,("/

Switch

Figure 2-1 JTAG Configuration Scheme

A JTAG FPGA Programming with External Blaster

The TR4 board suppastJTAG programmingover external blaster via J2. To use thmgerface
users need teoldera 2x5 pinconnector(2.54mmpitch) to J2.Make sure JP7 is opdn bypasshe
JTAG interface of HSMC.

A FlashProgramming

The TR4 development board contains a commielash interface (CFI) namory to meet the
demands folarger FPGA configuratis The Parallel Flash Loader (PFL) feature in MAXII
devices provides an efficient method to program €&th memory devices through the JTAG
interface and the logic to control configuration from tlash memory device to the Stratix IV GX
FPGA Figure 2-2 depcts the connection setup between the fish memory, Max Il CPLD, and
Stratix IV GX.

aslC| TR4 User Manual 10 www.terasic.com
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FPGA

X Niosll [ |

|

Flash

Programming
Batch Program

Figure 2-2 Flash Programming Scheme

A Programming Flash Memory using Batch File
The TR4 provides a batch file (prograrRlashbat) to limit the stepshat are taken when users
program thdlash memoryon theTR4.

A Software Requirements:

Quartus Prime 20.1.1 Standard Edition
Nios Il EDS 20.1.1

5

Note:

1 Nios Il EDS on Windows requires Ubuntu 18.04 LTS on Windows Subsystem for
Linux (WSL), whichrequiresuser toinstall it manually Please refer to the lirflor
installation: http://www.terasic.com.tw/wiki/Getting_Start_Install WSL

1 Nios Il EDS requires yowtinstall an Eclipse IDE manually.

aslC| TR4 User Manual 11 www.terasic.com
www.terasic.com January 26, 2021
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Program Flashfolder contents:
Program Flashbat

Program Flashpl

Program Flashsh
tr4_default_flash_loadesof
boot_loader_cfi.srec

Before you use the prografashbat batch file to program tHesh memorymake suré¢he TR4 is
turned on and USB cable is cowted to the USB blaster port4}J In addition, place thesof

and.elf file you wish to program/convert in tiRrogram Flashdirectory

Programming-lashMemory with.sof using Progrant-lashbat

1. Launch he pogram Flashbat batch filfrom the directory\demonstrationd R4 <Stratix
devicex TR4_Default_Flash_Loadd’rogram Flash) of the TR4 system CDROM.

2. TheFlashprogram tool shows the menu options

C\WINDOWS\system32\cmd.exe

file into the f
m ile he
m pfl option bit into the flash

o T R S B

Figure 2-3 Flash Program Tools

aslC| TR4 User Manual 12

www.terasic.com

www.terasic.com
January 26, 2021




3. Select option 2

C:\WINDOWS\system32\cmd.exe - O X

Figure 2-4 Option 2

4. Enter thesof file name to be programmed onto tlash memory

B C\WINDOWS\system32\cmd.exe - O X

.sof file name : tr4 default_flash_loader. sof

Figure 2-5 Enter .sof Name to Program

aslC| TR4 User Manual 13 www.terasic.com
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5. Thefollowing lineswill appear during~lash programming Extracting Option bits SREL

Extracting FPGA Image SRECand®eleting intermediate filés If these lines do@ appear on
the windows command, programming on flaesh memoryis not successfullysetup. Please make
sure Quartus 111.1and Nios 1111.11DE or later is used

EX C:\intelFPGA\20.1.1\quartus\bin64\quartus_pgm.exe - [} X

: tr4d default_flash_ loader. sof PN

vait a few minutes ...

Figure 2-6 Loading .sof File
6. ErasingFlash

C:\intelFPGA\20.1.1\quartus\bin64\nios2-flash-programmer.exe - (m} X

© @ @® © @ @

© @ ® © @ @

.

Figure 2-7 Erasing Flash

aslC| TR4 User Manual 14 www.terasic.com
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7. Programmind-lash

E¥ C:\intelFPGA\20.1.1\quartus\bin64\nios2-flash-programmer.exe - O X

Figure 2-8 Programming Flash

8. Programming complete

B C:\intelFPGA\20.1.1\quartus\bin64\nios2-flash-programmer.exe - O X

) : Programming

Figure 2-9 Programming Flash complete

aslC| TR4 User Manual 15 www.terasic.com
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2.2 Setup Elements

A JTAG Control DIP Switch

The TR4 suppostindividual JTAG interface on each HSMC connector. THsature allowauses
to extendthe JTAG chainto daughtercards or additional TR4s Before usingthis interface, JP7
needsto be shoredto enable the JTAG interface on all the HSMC comectors.

The JTAG signals on each HSMC connector can be removed or inclutfeglaictive JTAG chain
via DIP switches Table 2-1 lists the position of the DIP switeband their associatedterfaces.

Note that if the JTAG interface on HSMC connector is emhlsteake sure that thactive JTAG
chain must be a cloddéoop orthe FPGA may not be detecteflection 2.5will give an exampleon
how to extend the JTAG interface to adaughter card. Abko, a document named
Using_MultTR4_system.pdh TR4 system CDBshows how to connect tREFAG interface on two
stacked TR4 boasd

Table 2-1 JTAG Control

Components Name Description Default
position1 HSMCA_TOP ON: HSMA TOP in-chain OFF: Bypass HSMA TOP  OFF
position 2 HSMCB_TOP ON: HSMB TOP in-chain OFF: Bypass HSMB TOP = OFF

Swa position 3 = HSMCC_TOP ON: HSMC TOP in-chain OFF: Bypass HSMC TOP = OFF
position4 HSMCD_TOP ON: HSMD TOP in-chain OFF: Bypass HSMD TOP = OFF
position1 = HSMCA_BOT ON: HSMA BOT in-chain OFF: Bypass HSMA BOT @ OFF

SWS position 2 HSMCB_BOT ON: HSMB BOT in-chain OFF: Bypass HSMB BOT @ OFF
position3 = HSMCC_BOT ON: HSMC BOT in-chain OFF: Bypass HSMC BOT @ OFF
position 4 HSMCD_BOT ON: HSMD BOT in-chain OFF: Bypass HSMD BOT @ OFF

SW6 position1 HSMCE_TOP ON: HSME TOP in-chain OFF: Bypass HSME TOP = OFF

position 2 = HSMCF_TOP ON: HSMF TOP in-chain OFF: Bypass HSMF TOP | OFF

2.3 Status Elements

TheTR4 includes gatus LEDsPlease referable 2-2 for the status of the LED indicator

aslC| TR4 User Manual 16 www.terasic.com
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Board

Reference

D13

D14

D15

D20

D27

D28

D16

D17

D18

D19

D33

D1~D12

Table 2-2 LED Indicators

LED name Description

HSMC Port E present
HSMC Port D present

HSMC Port A present  These LEDs are lit when HSMC Port A/B/C/D/E/F have a

board or cable plugged-in such that pin 160 becomes
HSMC Port C Present  grounded.

HSMC Port B Present

HSMC Port F Present

o This LED is lit when the USB blaster circuit transmits or
USB Blaster Circuit )
receives data.

MAX_LOAD This LED is lit when the FPGA is being actively configured.

This LED is lit when the MAX II CPLD EPM2210 System
MAX_ERROR . .
Controller fails to configure the FPGA.

MAX_CONF_DONEn This LED is lit when the FPGA is successfully configured.

19V POWER This LED is lit after the 19V adapter is plugged in

These LEDs indicate the I/O standard of the HSMC ports (see

HSMC VCCIO_LED
Table 2-12)

2.4 General User Input/Output

A Pushbuttons

TheTR4 includessix pushbuttors that allow you to interact with the Stratix IV G GA Each of
thesebuttonsis debounced using a Schmitt Trigger circuit, as indicateéignre 2-10. Each

Rlasic
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pushbutton provides a high logic levedr a low logic level when it is not pressed or pressed,
respectively(activelow).Table 2-3 lists the board references, signal names and their corresponding
Stratix IV GX device pin numbers

lF’ushbutton depressed lF’ushbul:ton released

Before

Debouncing ||||||||| |||||||

Schmitt Trigger
Debounced

I 3
\ 4

Figure 2-10 Push-button Debouncing

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

Name Locate Description I/0 Standard | Stratix IV GX Pin Number
PB3 | BUTTONS3 | Low when pushed 1.5V PIN_P20
PB4 | BUTTON2 (Active-low) 1.5V PIN_A19
PB5 | BUTTON1 1.5V PIN_M19
PB6 | BUTTONO 1.5V PIN_L19

The MAX_RSTN pushbutton is used to resethe MAX 1l EPM2210 CPLD The Config
pushbuttoncanconfiguredefault code to FPGATable 2-4 lists the board references, signal names
and their corresponding Stratix IV GX device pin humbers

Table 2-4 Push-button Pin Assignments, SchematiSignal Names, and Functions

Name Locate Description 1/0 EPM2210 Pin Number
Standard
PB1 A MAX_RSTn MAX Il reset 3.3V-VTTL PIN_M9
PB2 CONFIG FPGA reconfig | 3.3V-VTTL PIN_D12

A Slide Switches

There are four slidevdtches on thél'R4 to provide additional FPGA input contr&éach switch is
connected directly to a pin of the Stratix IV GX FPGAhen a slide switch is in thBOWN
position or theUP position, it provides a low logic level or a high logic leVéCCIO_HSMF or
VCCIO_HSMA) to the FPGA, respectivelyable 2-5 lists the board references, signal names and
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their corresponding Stratix IV GX device pin numbers

Table 2-5 Slide Switches Pin Assignments, Schematic Signal Names, and Functions

Name Locate Description I/0O Standard @ Stratix IV GX Pin Number
SWO0 SLIDE SW Provides high VCCIO_HSMF PIN_AH18
Swi1 SLIDE SW logic level VCCIO_HSMF PIN_AH19
SW2 SLIDE SW when in the UP | VCCIO_HSMA PIN_D6
Sw3 SLIDE SW position VCCIO_HSMA PIN_C6
A LEDs

The TR4 consists o# usercontrollable LEDgo0 allow status and debuggisgynals to be driven to

the LEDs from the designs loaded into the Stratix IV GX devieach LEDis driven directlyby the
Stratix MV GX FPGA The LED is turned on or off when the associated pins are driven to a low or
high logic level, respectivelfactivelow). A list of the pin names on the FPGA that are connected
to the LEDs is given iffable 2-6.

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

Name Description | Description I/0O Standard Stratix IV GX Pin
Number

D27 LEDO LEDs turn on when 1.5V PIN_B19

D28 LED1 output is logic low 1.5V PIN_A18

D29 LED2 (Active-low) 1.5V PIN_D19

D30 LED3 1.5V PIN_C19

2.5 High-Speed Mezzanine Cards

The High Speed Mezzanine CardH$MC) interface provides a mechanism to extend the
peripheraiset of an FPGA host board byeans ofaddon daughtercards, which can address
todayds high s peedasswellgan bbwspeadgdevices igterface supmithée
HSMC interfaces support JTAG, clock outputs and inputs,-sjged serial 1/0 (transceivers), and
singleended ordifferential signaling The detailedspecifications of theHSMC connectos are
described below:
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A 6HSMC Connector Groups

There are terHSMC connectors on th€R4 board are divided inté groups: H8MC A, HSMC B,
HSMC C,HSMC D, HSMC Eand HMC F. Each grop has a male and fema#SMC porton the
top andbottom side of th&' R4 boardexcept HSMC E and HSMC F In addition, both the male
and female HBIC connector share the same 1/O poesidesITAG interfaceandhigh-speed serial
I/O (transceivers)

Caution: DO NOT connect HSMC daughteards to the backside HSMC (male) connect@sing
so will permanently damage the-bonard FPGA.

A 1/O Distribution

The HSMCconnectoon the TR4 includesa total of 172ins, including 121 signal pins (120 signal
pins +1 PSNTnpin), 39 power pins, and 12 ground pimsgure 2-11 shows thesignal bank
diagram of HSMC connector. Bank 1 also has dedicai&ds, 12C bus and clock signals. The
main CMOS/LVDS interface signals, including LN\@ICMOS clocks, are found in bankRsand 3.
Both 12/ and 3.3/ power pins are also found in banks 2 and 3.

Bank 3

Power
D(79:40)

CLKIN2, CLKOUT2

Bank 2

Power

D(39:0)
“or=
D(3:0) + LVDS

CLKIN1, CLKOUT1

Bank 1
Power

8 TX Channels CDR
8 RX Channels CDR

JTAG
SMBus
CLKINO, CLKOUTO

aslC| TR4 User Manual 20 www.terasic.com
www, terasic.com January 26, 2021




Figure 2-11 HSMC Signal Bank Diagram

Due to the limitatiorof FPGA bank I/Cdistributionand deétated clock in/out pin numbershere
are sona differences between individual HSMC connectors, listed below:

A LVDS Interface

On the TR4 boardynly HSMC pors A, B, C and D support LVDS. EadhSMC portprovides B(1)
LVDS channel transceivers.

For LVDS tansmittes, HSMC pors A and Dsupportl8 true LVDS channels which can run up to
1.6Gbps. The LVD$ransmitteron HSMC Port Band C contain true areimulatedVDS channes.

The emulatedLVDS channed usetwo singleended output buffers and external sésis as shown
in Figure 2-12. The associated I/O standard of these differential FPGA I/Oipittee Quartus I

project shouldbe set to LVDS_E_3R Emulated LVDS KD data rées can reaclspeeds up to
1.1Gbps Thefactory default settindpr the Rs resistor will bedd ohm andthe Rp resistor will not be
assembled for singlended 1/0O standard applicaterFor emulatedLVDS transmittes, pleasesolder

120 and 170 ohm resiswonto theRs and Rp positi®) respectiviy.

FortheLVDS receives, HSMC Port A/B/D support true LVDS receivewhich can run al.6Gops.
Unlike HSMC pors A/D, not all the LVDS receiver in HSMC pors B/C support OrChip
termination (OCT). To use these 18as LVDS receives, the user nees to soldera 100 ohm
resistorfor input termination as show igure 2-12.

Table 2-7 gives the detailed numbers of true and emulated LWid&facesof eachHSMC port
Also, it lists the numbers of LVD&ceiverseeadto assemble external input terminati@sistos

on eactHSMC pors.

Table 2-8 shows all theexternalinput differential resistarfor LVDS receivers orHSMC Port B
and C. The factory defaudettingis not installed.

Finally, becauseHSMC Port C shars FPGA 1/O pins with GPIOheades, so the LVDS
performancecanonly supporta data ratef up to500Mbps

(1) Although the specificationsof the HSMC connector defies signals DO~D3as single-ended
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I/0s, DO and D2 can be used as LVDS transmigaand D1 and D3 can be used as LVDS
receives on the TR4.

FPGA Resistor Network
LVDS Receiver

Rs

; AAN 50Q)

Rp 100Q

AAN 50Q

Rs
Emulated LVDS Transmitter

Figure 2-12 Emulated LVDS Resistor Network between FPGA and HSMC Port

CcE

z FPGA

Transmitting Device

HSMC_RX_D_P

50Q -
% .
L5

500 <
HSMC_RX_D_N

Input Buffer

Figure 2-13 External On-Board Termination between FPGA and HSMC Port

Table 2-7 LVDS Breakdown
HSMA HSMB HSMC HSMD HSME HSMF

True LVDS Transmitters 18 10 9 18 9 NA
Emulated LVDS Transmitters 0 8 9 0 NA NA
Supported with OCT 18 11 9 18 9 NA

Needed External Input

Termination Resistors. 0 7 9 0 NA NA

Table 2-8 Distribution of the Differential Termination Resistors for HSMC Connector

HSMC Differential Net Reference name of the
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HSMB_RX_p[11]
HSMB_RX_p[12]
HSMB_RX_p[13]
HSMB_RX_p[14]
HSMB_RX_p[15]
HSMB_RX_p[16]
HSMB_D[1]
HSMC_RX_p[0]
HSMC_RX_p[1]
HSMC_RX_p[2]
HSMC_RX_p[3]
HSMC_RX_p[4]
HSMC_RX_p[5]
HSMC_RX_p[6]
HSMC_RX_p[7]
HSMC_D[1]

differential termination resistor
R333
R318
R312
R311
R303
R315
R332
R314
R316
R330
R341
R329
R328
R309
R306
R310

A High-speedSerial 1/0 (transceiver) Interface

There are8 CDR transceivechanneldocated onhetop sideof HSMC portsA andE, respectively
Each CDRtransceivecan run up t®.5Gbps.

A Clock Interface

Due to the limitation of the FPGA clock input pin numbers, not allHEC pors have same
clock interfaceTable 2-9 shows the FPGA clock input pin placement on ¢d8MC port

In addition since FPGAdedicated clocknput pins (CLK][1,3,8,10]), or corner PLL clogski o n 6 t
supportOn-Chip differential termination please soldemput termination resists on R299 and
R300, respective]lywhen using HSMC_CLKIN _p2/n2 and HBIA CLKIN p2/n2 as LVDS

signals.

Rlasic
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HSMC Clock in/out pin

HSMA

TR4 User Manual

FPGA Clock Input Pin Placement

HSMB HSMC HSMD HSME HSMF
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CLKINO I/O I/O I/O CLK1n I/O CLK5p

CLKIN_p1 CLK9p /0 CLK2p | CLKOp | CLK1lp = CLK6p
CLKIN_n1 CLK9n /0 CLK2n | CLKOn | CLK1ln | CLK6n
CLKIN_p2 CLK8p /0 CLK3p /0 CLK10p = CLK4p
CLKIN_n2 CLK8n /0 CLK3n /0 CLK10n | CLK4n

A 12C Interface

The I2C bus onthe HSMC connectas is separated inttwo groupsHSMC Port A B, and C share
the samd2C interface.HSMC pors D, E, and Fshare the othel2C bus Table 2-10 lists the
detailed distribution.

Table 2-10HSMC 12C Group
HSMC A/B/C 12C

Schematic Signal Description I/O Standard Stratix IV GX
Name Pin Number
HSMC A/B/C 12C 25V (1) AE16
HSMB_SCL
clock signal
HSMC A/B/C 12C 2.5V(1) AF16
HSMB_SDA )
data signal

HSMC D/E/F 12C

Schematic Signal Description I/0O Standard Stratix IV GX
Name Pin Number
HSMC D/E/F 12C 1.5V(1) G21
HSMD_SCL .
clock signal
HSMC D/E/F 12C 1.5V(1) F21
HSMD_SDA .
data signal

(1) Thel2C I/O on the TR4 HSMC connector is defined i 3.3V.

There is a level translator between FPGA and HSMC connector to translate FPGA 2.5V or 1.5V
I/0 to 3.3V.The signals aboveare also connected tdhe level translator. Wherthesesignalsare
usedasgeneralpurposel/O, the maximumdata rate iISS0Mbps

24
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A 1/0 through the Level Translator

There is a pin namedSMD_OUTO0 on HSMC Port Dwhich is conne@dto an FPGA 1.5/ I/O
standard bank. Taneetthe 1/0O standardf adjustable specificationa level translator isused
betweenthe FPGA andHSMC Port Don this net.Thus, themaximumdata rate otthis pin is
60Mbpsdue to the limitatiosof thelevel translator

A HSMC Port C Shared Bus with GPIO

The HSMC Port Cshares the sameéPGAI/O pins withthe GPIO expansion header®9JJ10.
Hencenone of the ambinations abovareallowed to be usesimultaneously

A Power Supply

The TR4 boardprovides 12V DC and 3\BDC power through HSM@orts Table 2-11 indicates
the maximum power consumption fal HSMC ports Pleae note that this table shows the total
max current limit for all siyports notjustfor one

Also, the 12V DC and 3.¥ DC powersuppliesfrom the HSMC ports have fuses for protection.
Users whod o nnéddthe power from the HSMC can remove thedeises o cut the power on
connector.

CAUTION. Before powering on the TR4 board with a daughter card, please check to see if there is
a short circuit between the power pins and FPGA I/O.

Table 2-11 Power Supply ofthe HSMC

Supplied Voltage Max. Current Limit
12v 2A
3.3V 3A

A Adjustable I/O Standards

The FPGAI/O standard of the HSMCportscan be adjusted bgonfiguring the headerposition
Eachport can be individually dusted to1.5V, 1.8V, 2.5V or 3.0V via jumperson the topright
corner of TR4 boardFigure 2-14 depics the position of thgumpersand teir associated 1/0O
standard. Users can use zin jumpes to configure the 1/0O standard by dsing theassociated
positiors onthe header.
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Finally, there are LED®nN the topright corner of TR4 boartb indicate the 1/0 standard of each
HSMC port, as shown imable 2-12. For example, LEBD11 and D12 will bdurned on anaff,
respectively, when the 1/0 Standard#$MC Port Ais set to 2.5V.

Position 1 15V

Position 2 1.8V

Position 3

2.5V

Position 4 30V

JP(X) (X=1,2,3,4,5,6)

Figure 2-14 HSMC /O Configuration Header

Table 2-12 HSMC |0 Standard Indicators

HSMA HSMB HSMC HSMD HSME HSMF
D11 D12 D9 D10 D7 D8 D5 D6 D3 D4 D1 D2

15V OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF
18V OFF ON OFF ON OFF ON OFF ON OFF ON OFF ON
25V ON OFF ON OFF ON OFF ON OFF ON OFF ON  OFF
30V ON ON ON ON ON ON ON ON ON ON ON ON

(1) Userswho connect a daughter card do the HSMC ports need to pay close attentiao the
I/O standard betweeR4 HSMC connector pins and daughter card systeRor example, if
the 1/0 standard of HSMC pins oiTR4 board is set to BV, a daughter cardwith 3.3V or
2.5V1/O standard may not work properly omR4 board due to I/O standard mismatckVhen
using custom or thirdparty HSMC daughter cardsmake sure thatall the pin locations are
aligned to prevent shorts.

A Using THCB-HMF2 Adapter Card

The pupose of the HSMC Height Extension Male to Female card (THHIGB-2) included in the
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TR4 kit package is to increase the height of the HSMC (Port C and D) connector to avoid any
obstruction that might take place as a HSMC daughter card is connected. TheHMEBadapter

card can be connected to either ports of the HSMC connectamsino~igure 2-15. There are
numerous adapter cards that are supported by the TR4, such as loopback and differential
transmission adapter&or more detailed information about these adapter cards, please refer to
HSMC_adapter_card.pdfhich can be found in TR4 system CD.

Figure 2-15 Connection between HMF2 Adapter Card and HSMC

A JTAG Chain on HSMC

The JTAG chain on the HSMC can be activated through the thpesidon DIP switches (SW4,
SW5, and SW6)Table 2-1 in section 2.2 givea detaileddescriptionof the positiors of the DIP
switchesand tteir associated interfaseThe HSMC connectors on the top side of TR4 board are
controled by SW4 and SW6. SW5 is used to continelHSMC JTAGchainon thebottomside of

the TR4. Only when multiple TRelare stacked shoullde boardsuse this switch. Alocumenttitled
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Using Multi-TR4_system.pdifi the TR4 system CD will give an exampledemonstratéow to set
SWS5 to connect JTAG chartogetherfor multiple TR4 boards. Finally, before usirtge JTAG
interface on HSMC connector, please shortidRx#derto enable the HSMC JTAG interface.

The following will describehow to configure the JTAG interface of HSM&nnectoron the
top-side ofthe TR4.

If there is no connection established on the HSMC connectors;phbsittbn DIP switch (SW4 or
SW6) should besetto dOff§ sothe JTAG signals on the HSMC connectors are bypassed illustrated
in Figure 2-16.

When JP7 Header Connected, HSMC Included In JTAG Chain

TR4 Board
JP7 Header
TDO — TDI TDO TDI TDO [aumd TDI TDO [ d TDI TDO [pmd TDI TDO
( YAITERAW HSMD HSMD HSMC HSMC
—_— USB : Top Bottom Top Bottom
— Cable _» USB Bla_Ster
® P ‘

|
TDO TDI L gd TDO TDI L TDO TDI L TDO TDI L ad TDO TDI L o TDO  TDI
HSMA HSMA HSMB -
HSME Bottom Top Bottom HSMF

Figure 2-16 JTAG Chain for a Standalone TR4

If the HSMGbased dughter card connected to the HSMC connector uses the JTAG interface, the
4-position DIPswitch (SW4 or SW6)should beset todOnbaccording to theHSMC port used. In

this case, frontigure 2-17 HSMC Port Dis usedso position4 of the SW4switchis set todOna
Similarly, if the JTAG interface ishused on the HSM®ased daughter card, position 4 of SW4 is
set todOff § thusbypassing the JTAG signals as showfrimure 2-18.
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TR4 Board

JP7 Header
B .

us | |

TDI TDO
Daughter

Card

When JP7 Header Connected, HSMC Included In JTAG Chain

TDI TDO uud TDI TDO [uud TDI TDO [aumd TDI TDO
HSMD HSMC
Top Bottom

b g TDO  TDI

HSMB
Bottom HISM

SWe6

Figure 2-17 JTAG Chain for a Daughter Card (JTAG is used) Connected to HSMC Port D of the TR4

TR4 Board

TDO TDI L TDO TDI

TDI TDO

Daughter
Card

When JP7 Header Connected, HSMC Included In JTAG Chain

TDI TDO [ud TDI TDO fumd TDI
HSMD HSMD
Bottom

TDO [ d TDI TDO
HSMC
Bottom

Top

bl TDO  TDI R TDO  TDI Lo TDO  TDI o TDO  TDI
HSMF

SWe6

Figure 2-18 JTAG chain for a Daughter Card (JTAG not used) Connected to HSMC Port D of the TR4
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A Multi -FPGA High-Capacity Platform s through HSMC

The TR4 offers aselectionof two Stratix IV GX devices, EP4SGX230 and EPSGX580ich offer
logic elementqLES) up to 228,000 and 531,200, respectivieprovidethe flexibility for users to
select a suitable device. In situations where dskrsign exceeds the capacity of the FPGA, the
HSMC interface can be used to connect to other FPGA system boards creating-BP@alti
scalable systeniJsers can stackkwo TR4s as shown inFigure 2-19. Another option is to use
Samtec higkspeed cablé connect two TR4 boardSeeFigure 2-20) to expand your system. For
more informationon how to use muliTR4 systers, please refer tdsing_MultTR4_system.pdf
which can be founen theTR4 System CD

Figure 2-19 Two Stacked TR4 Boards
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Figure 2-20 Two TR4 Boards Connected via HSMC Cable

2.6 GPIO Expansion Headers

The TR4 consistsof two 40pin expansion headees shown in-igure 2-21. Eath headehas36
I/O pins connected tdhe Stratix IV GXFPGA with the other 4 pinsproviding 5V (VCC5) DC,
3.3V (VCC33)DC, and two GND pins

GPIO 0 and GPIQL share pins wittHSMC Port C The I/Ostandard of the GPIOheaders are the
sameasHSMC Port Cwhich can beonfiguredbetweenl.5, 1.8, 2.5 and 3.0V.
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JP10

GPIO 1
Clock Input  GPIO0_DO (1) GPIO0_D1 GPIO0_DO (1 2 B — GPIO1_D1
Clock Input  GPIO0_D2 (3 4 B — GPIO0_D3 GPIO1_D2 ©® 0 GPIO1_D3
GPIO0_D4 (5 6 ) GPIO0_D5 GPIO1_D4 e 6 GPIO1_D5
GPIO0_D6 (7 0 3 B— GPIO0_D7 GPIO1_D6 (7 8 B— GPIO1_D7
GPIO0_D8 (o I 10— GPIO0_D9 GPIO1_D8 (o 10} GPIO1_D9
5V ® @ GND 5V (11012} GND
GPIO0_D10 (13J0(14) GPIO0_D11 GPIO1_D10 (13014} GPIO1_D11
GPIO0_D12 (151688 — GPIO0_D13 GPIO1_D112 (15016} GPIO1_D13
GPIO0_D14 (17188 GPIO0_D15 GPIO1_D14 (17188 — GPIO1_D15
GPIO0_D16 (19 J20) GPIO0_D17 GPIO1_D16 (19 >0} GPIO1_D17
GPIO0_D18 (21 ]R8 — GPIO0_D19 GPIO1_D18 e & GPIO1_D19
GPIO0_D20 e & GPIO0_D21 GPIO1_D20 (234 B— GPIO1_D21
GPIO0_D22 (256 GPIO0_D23 GPIO1_D22 (25 26} GPIO1_D23
GPIO0_D24 a D GPIO0_D25 GPIO1_D24 (2788 — GPIO1_D25
3.3V (290308 GND 3.3V (290308 — GND
GPIO0_D26 D GPIO0_D27 GPIO1_D26 @ & GPIO1_D27
GPIO0_D28 (33 34) GPIO0_D29 GPIO1_D28 (330 34} GPIO1_D29
GPIO0_D30 (35 36) GPIOO0_D31 GPIO1_D30 (350 36} GPIO1_D31
GPIO0_D32 (370 388 — GPIO0_D33 GPIO1_D32 (373888 — GPIO1_D33
GPIO0_D34 (390 40) GPIO0_D35 GPIO1_D34 (390 40) GPIO1_D35
= =

Figure 2-21 Pin Distribution of the GPIO Expansion Headers

Finally, Figure 2-22 shows the connections between the GPIO expansion headers and Stratix IV
GX.
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A

7]

D 140d OWSH

Figure 2-22 Connection between the GPIO Expansion Headers and Stratix IV GX

Theinformationaboutmapping of the FPGA pin assignments to 8O0 and GPIOtonnectors
please refefrable 2-13andTable 2-14.

Table 2-13 GPIO Expansion Headx (JP9) Pin Assignments, Schematic Signal Names, and

Functions
Board Reference 'Schematic o Stratix IV GX
. Description I/0 Standard .
JP9) Signal Name Pin Number
1 GPIO0_DO GPIO Expansion 0 I0[0](Clock In) PIN_AF34
2 GPIO0_D1 GPIO Expansion 0 10[1] PIN_AG34
3 GPIOO0_D2 GPIO Expansion 0 10[2](Clock In) PIN_AE35
4 GPIO0_D3 GPIO Expansion 0 10[3] PIN_AG35
5 GPIO0_D4 GPIO Expansion 0 10[4] PIN_AC31
6 GPIO0_D5 GPIO Expansion 0 10[5] PIN_AH32
7 GPIO0_D6 GPIO Expansion 0 10[6] PIN_AC32
8 GPIOO0_ D7  |GPIO Expansion 0 10[7] Depends - on O\ Aj33
9 GPIO0_ D8  |GPIO Expansion 0 IO[8] ;ﬁ'siard of HSMC o\ AH34
10 GPIO0_D9 GPIO Expansion 0 10[9] PIN_AJ34
13 GPIO0O_D10 |GPIO Expansion 010[10] PIN_AH35
14 GPIOO0_D11 GPIO Expansion 0 10[11] PIN_AJ35
15 GPIO0_D12 |GPIO Expansion 010[12] PIN_AK34
16 GPIO0_D13 GPIO Expansion 0 10[13] PIN_AL34
17 GPIO0_D14 |GPIO Expansion 0 10[14] PIN_AK35
18 GPIO0_D15 GPIO Expansion 0 10[15] PIN_AL35
19 GPIO0_D16 |GPIO Expansion 010[16] PIN_AM34
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20
21
22
23
24
25
26
27
28
31
32
33
34
35
36
37
38
39
40

GPIO0_D17
GPIOO_D18
GPIO0_D19
GPIO0_D20
GPIO0_D21
GPIO0_D22
GPIO0_D23
GPIO0_D24
GPIO0_D25
GPIO0_D26
GPIO0_D27
GPIOO_D28
GPIO0_D29
GPIO0_D30
GPIO0_D31
GPIO0_D32
GPIO0_D33
GPIO0_D34
GPIO0_D35

GPIO Expansion 0 10[17]
GPIO Expansion 0 10[18]
GPIO Expansion 0 10[19]
GPIO Expansion 0 10[20]
GPIO Expansion 0 10[21]
GPIO Expansion 0 10[22]
GPIO Expansion 0 10[23]
GPIO Expansion 0 10[24]
GPIO Expansion 0 10[25]
GPIO Expansion 0 10[26]
GPIO Expansion 0 10[27]
GPIO Expansion 0 10[28]
GPIO Expansion 0 10[29]
GPIO Expansion 0 10[30]
GPIO Expansion 0 10[31]
GPIO Expansion 0 10[32]
GPIO Expansion 0 10[33]
GPIO Expansion 0 10[34]
GPIO Expansion 0 10[35]

Depends
Standard of HSMC
Port C

on

PIN_AN34
PIN_AM35
PIN_AN35
PIN_AJ32
PIN_AJ26
PIN_AK33
PIN_AK26
PIN_AF25
PIN_AV29
PIN_AG25
PIN_AW30
PIN_AV32
PIN_AT28
PIN_AW32
PIN_AU28
PIN_AV28
PIN_AP28
PIN_AW29
PIN_AR28

110

Table 2-14 GPIO Expansion Header (JRLO) Pin Assignments Schematic Signal Names, and
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Functions
Board Reference |Schematic o Stratix IV GX
) Description I/0 Standard .

(JP10) Sighal Name Pin Number
1 GPIO1_DO GPIO Expansion 1 10[0] PIN_AB27
2 GPIO1_D1 GPIO Expansion 1 10[1] PIN_AE25
3 GPIO1_D2 GPIO Expansion 1 10[2] PIN_AB28
4 GPIO1_D3 GPIO Expansion 1 10[3] PIN_AD25
5 GPIO1_D4 GPIO Expansion 1 10[4] PIN_AP27
6 GPIO1_D5 GPIO Expansion 1 10[5] PIN_AU29
7 GPIO1_D6 GPIO Expansion 1 10[6] PIN_AN27
8 GPIO1_D7 GPIO Expansion 1 10[7] Depends on I/OPIN_AT29
9 GPIO1_D8 GPIO Expansion 1 10[8] Standard of HSMCPIN_AL25
10 GPIO1_D9 GPIO Expansion 1 10[9] Port C PIN_AW33
13 GPIO1_D10 |GPIO Expansion 110[10] PIN_AP26
14 GPIO1_D11 |GPIO Expansion 110[11] PIN_AW34
15 GPIO1_D12 |GPIO Expansion 1 10[12] PIN_AW31
16 GPIO1_D13 |GPIO Expansion 110[13] PIN_AH24
17 GPIO1_D14 |GPIO Expansion 1 10[14] PIN_AV31
18 GPIO1_D15 |GPIO Expansion 1 10[15] PIN_AG24
19 GPIO1_D16 |GPIO Expansion 110[16] PIN_AL27
20 GPIO1_D17 |GPIO Expansion 110[17] PIN_AW27
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21 GPIO1_D18 |GPIO Expansion 110[18] PIN_AH26
22 GPIO1_D19 |GPIO Expansion 110[19] PIN_AW28
23 GPIO1_D20 |GPIO Expansion 1 10[20] PIN_AK27
24 GPIO1_D21 |GPIO Expansion 110[21] PIN_AD30
25 GPIO1_D22 |GPIO Expansion 110[22] PIN_AE24
26 GPIO1_D23 |GPIO Expansion 110[23] PIN_AD31
27 GPIO1_D24 |GPIO Expansion 110[24] PIN_AB30
28 GPIO1_D25 |GPIO Expansion 1 10[25] PIN_AE30
31 GPIO1_D26 |GPIO Expansion 110[26] PIN_AB31
32 GPIO1_D27 |GPIO Expansion 1 10[27] PIN_AE31
33 GPIO1 D28  |GPIO Expansion 1 10[28] Depends  on 1O, (™) 53
= - Standard of HSMC[——=
34 GPIO1_D29 |GPIO Expansion 110[29] Port C PIN_AE28
35 GPIO1_D30 |GPIO Expansion 1 10[30] PIN_AG32
36 GPIO1_D31 |GPIO Expansion 110[31] PIN_AE29
37 GPIO1_D32 |GPIO Expansion 110[32] PIN_AF29
38 GPIO1_D33 |GPIO Expansion 110[33] PIN_AD28
39 GPIO1_D34 |GPIO Expansion 110[34] PIN_AG30
40 GPIO1_D35 |GPIO Expansion 1 10[35] PIN_AD29

2.7 DDR3 SO-DIMM

OneDDR3 SO-DIMM socketis provided as a flexible and efficient forfactor volatile memory
for user applicationsThe DDR3 SODIMM socketis wired to support enaximum capacity o08GB
with a 64bit data busUsing differential DQS signaling fahe DDR3 SDRAM interfacesit is
capable of running aip to 533MHz memory clock for a mximum theoretical bandwidtap to
68Gbps Figure 2-23 shows the connections between the BIFO-DIMM socket and Stratix 1V
GX device Theinformationaboutmapping of the FPGA pin assignmentsttiie DDR3 SODIMM
connectorspleaseeferto Table 2-15.

Table 2-15DDR3 SODIMM Pin Assignments, Schematic Signal Names, aiidinctions

Schematic Stratix IV GX
Signal Name Description I/O Standard Pin Number
mem_addr [0] DDR3 ADDRess [0] SSTL-15Class | PIN_N23
mem_addr [1] DDR3 ADDRess [1] SSTL-15Class | PIN_C22
mem_addr [2] DDR3 ADDRess [2] SSTL-15Class | PIN_M22
mem_addr [3] DDR3 ADDRess [3] SSTL-15Class | PIN_D21
mem_addr [4] DDR3 ADDRess [4] SSTL-15 Class | PIN_P24
mem_addr [5] DDR3 ADDRess [5] SSTL-15 Class | PIN_A24
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mem_addr [6]
mem_addr [7]
mem_addr [8]
mem_addr [9]
mem_addr [10]
mem_addr [11]
mem_addr [12]
mem_addr [13]
mem_addr [14]
mem_addr [15]
mem_ba[0]
mem_ba[1]

mem_ba[2]

mem_cas_n
mem_cke[0]
mem_cke[1]
mem_ck[0]
mem_ck[1]
mem_ck_n[0]
mem_ck_n[1]
mem_cs_n[0]
mem_cs_n[1]
mem_dm][0]
mem_dm[1]
mem_dm[2]
mem_dm[3]
mem_dm{[4]
mem_dm([5]
mem_dm|[6]
mem_dm([7]
mem_dq[0]
mem_dq[1]
mem_dq[2]
mem_dq[3]

Rlasic
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DDR3 ADDRess [6]
DDR3 ADDRess [7]
DDR3 ADDRess [8]
DDR3 ADDRess [9]
DDR3 ADDRess [10]
DDR3 ADDRess [11]
DDR3 ADDRess [12]
DDR3 ADDRess [13]
DDR3 ADDRess [14]
DDR3 ADDRess [15]

DDR3 Bank ADDRess [0]
DDR3 Bank ADDRess [1]
DDR3 Bank ADDRess [2]
DDR3 Column ADDRess

Strobe

Clock Enable pin O for DDR3
Clock Enable pin 1 for DDR3

Clock pO for DDR3
Clock p1 for DDR3
Clock n0O for DDR3
Clock n1 for DDR3
DDR3 Chip Select [0]
DDR3 Chip Select [1]
DDR3 Data Mask [0]
DDR3 Data Mask [1]
DDR3 Data Mask [2]
DDR3 Data Mask [3]
DDR3 Data Mask [4]
DDR3 Data Mask [5]
DDR3 Data Mask [6]
DDR3 Data Mask [7]
DDR3 Data [0]

DDR3 Data [1]

DDR3 Data [2]

DDR3 Data [3]
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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 |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |

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

PIN_M21
PIN_D17
PIN_A25
PIN_N25
PIN_C24
PIN_N21
PIN_M25
PIN_K26
PIN_F16
PIN_R20
PIN_B26
PIN_A29
PIN_R24

PIN_L26

PIN_P25
PIN_M16
PIN_K27
PIN_L25

PIN_J27

PIN_K28
PIN_D23
PIN_G28
PIN_G16
PIN_N16
PIN_P23
PIN_B29
PIN_H28
PIN_E17
PIN_C26
PIN_E23
PIN_G15
PIN_F15

PIN_C16
PIN_B16
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mem_dq[4]

mem_dq[5]

mem_dq[6]

mem_dq[7]

mem_dq[8]

mem_dq[9]

mem_dq[10]
mem_dq[11]
mem_dq[12]
mem_dq[13]
mem_dq[14]
mem_dq[15]
mem_dq[16]
mem_dq[17]
mem_dq[18]
mem_dq[19]
mem_dq[20]
mem_dq[21]
mem_dq[22]
mem_dq[23]
mem_dq[24]
mem_dq[25]
mem_dq[26]
mem_dq[27]
mem_dq[28]
mem_dq[29]
mem_dq[30]
mem_dq[31]
mem_dq[32]
mem_dq[33]
mem_dq[34]
mem_dq[35]
mem_dq[36]
mem_dq[37]
mem_dq[38]
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DDR3 Data [4]

DDR3 Data [5]

DDR3 Data [6]

DDR3 Data [7]

DDR3 Data [8]

DDR3 Data [9]

DDR3 Data [10]
DDR3 Data [11]
DDR3 Data [12]
DDR3 Data [13]
DDR3 Data [14]
DDR3 Data [15]
DDR3 Data [16]
DDR3 Data [17]
DDR3 Data [18]
DDR3 Data [19]
DDR3 Data [20]
DDR3 Data [21]
DDR3 Data [22]
DDR3 Data [23]
DDR3 Data [24]
DDR3 Data [25]
DDR3 Data [26]
DDR3 Data [27]
DDR3 Data [28]
DDR3 Data [29]
DDR3 Data [30]
DDR3 Data [31]
DDR3 Data [32]
DDR3 Data [33]
DDR3 Data [34]
DDR3 Data [35]
DDR3 Data [36]
DDR3 Data [37]
DDR3 Data [38]
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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 |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15 Class |
SSTL-15 Class |

PIN_G17
PIN_A16
PIN_D16
PIN_E16
PIN_N17
PIN_M17
PIN_K17
PIN_L16

PIN_P16
PIN_P17
PIN_J17

PIN_H17
PIN_N22
PIN_M23
PIN_J25

PIN_M24
PIN_R22
PIN_P22
PIN_K24
PIN_J24

PIN_A27
PIN_A28
PIN_C29
PIN_C30
PIN_C27
PIN_D27
PIN_A31
PIN_B31
PIN_G27
PIN_G29
PIN_F28

PIN_F27

PIN_E28
PIN_D28
PIN_H26
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mem_dq[39]
mem_dq[40]
mem_dq[41]
mem_dq[42]
mem_dq[43]
mem_dq[44]
mem_dq[45]
mem_dq[46]
mem_dq[47]
mem_dq[48]
mem_dq[49]
mem_dq[50]
mem_dq[51]
mem_dq[52]
mem_dq[53]
mem_dq[54]
mem_dq[55]
mem_dq[56]
mem_dq[57]
mem_dq[58]
mem_dq[59]
mem_dq[60]
mem_dq[61]
mem_dq[62]
mem_dq[63]
mem_dqgs[0]
mem_dqs[1]
mem_dqgs[2]
mem_dqs[3]
mem_dqgs[4]
mem_dqgs[5]
mem_dqs[6]
mem_dqs[7]
mem_dqgs_n[0]

mem_dqgs_n[1]
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DDR3 Data [39]
DDR3 Data [40]
DDR3 Data [41]
DDR3 Data [42]
DDR3 Data [43]
DDR3 Data [44]
DDR3 Data [45]
DDR3 Data [46]
DDR3 Data [47]
DDR3 Data [48]
DDR3 Data [49]
DDR3 Data [50]
DDR3 Data [51]
DDR3 Data [52]
DDR3 Data [53]
DDR3 Data [54]
DDR3 Data [55]
DDR3 Data [56]
DDR3 Data [57]
DDR3 Data [58]
DDR3 Data [59]
DDR3 Data [60]
DDR3 Data [61]
DDR3 Data [62]
DDR3 Data [63]
DDR3 Data Strobe p[0]
DDR3 Data Strobe p[1]
DDR3 Data Strobe p[2]
DDR3 Data Strobe p[3]
DDR3 Data Strobe p[4]
DDR3 Data Strobe p[5]
DDR3 Data Strobe p[6]
DDR3 Data Strobe p[7]
DDR3 Data Strobe n[0]
DDR3 Data Strobe n[1]
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SSTL-15Class |
SSTL-15 Class |
SSTL-15Class |
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-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
SSTL-15Class |
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 |

PIN_J26
PIN_F19
PIN_G19
PIN_F20
PIN_G20
PIN_C17
PIN_F17
PIN_C18
PIN_D18
PIN_D25
PIN_C25
PIN_G24
PIN_G25
PIN_B25
PIN_A26
PIN_D26
PIN_F24
PIN_F23
PIN_G23
PIN_J22
PIN_H22
PIN_K22
PIN_D22
PIN_G22
PIN_E22
PIN_D15
PIN_K16
PIN_L23
PIN_C28
PIN_E29
PIN_G18
PIN_F25
PIN_J23
PIN_C15
PIN_J16
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mem_dqgs_n[2]
mem_dqgs_n[3]
mem_dqgs_n[4]
mem_dqgs_n[5]
mem_dqgs_n[6]
mem_dqgs_n[7]
mem_odt[0]
mem_odt[1]
mem_ras_n
mem_we_n
mem_event_n
mem_reset_n
mem_scl

mem_sda

DDR3 Data Strobe n[2]
DDR3 Data Strobe n[3]
DDR3 Data Strobe n[4]
DDR3 Data Strobe n[5]
DDR3 Data Strobe n[6]
DDR3 Data Strobe n[7]
DDR3 On-die Termination 0
DDR3 On-die termination 1
DDR3 Row ADDRess Strobe
DDR3 Write Enable

DDR3 Temperature Event
DDR3 Reset

DDR3 12C Serial Clock
DDR3 12C Serial Data Bus

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 |
1.5V

1.5V

PIN_K23
PIN_B28
PIN_D29
PIN_F18
PIN_E25
PIN_H23
PIN_F26
PIN_G26
PIN_D24
PIN_M27
PIN_R18
PIN_J18
PIN_H19
PIN_P18

N ERA

GStratix IV
GX

®

VYVVYYVYY

A

A A A

VVYyVVYVYY

A

VVVYYVY

DDR3_CLK][1:0]
DDR3_CLK[n1:0]
DDR3_BA[2:0]
DDR3_ODT[1:0]
DDR3_CS_n[1:0]
DDR3_RESET_n
DDR3_EVENT_n

DDR3_DQI[63:0]
DDR3_DQSI[7:0]
DDR3_DQSn[7:0]
DDR3_ADDR[15:0]
DDR3_DM[7:0]
DDR3_CKE[1:0]

DDR3_WE_n
DDR3_CAS n
DDR3_RAS n
DDR3_SDA
DDR3_SCL

Figure 2-23 Connection between DDR3 and Stratix IV GX FPGA

2.8 Clock Circuitry

A Stratix IV GX FPGA Clock Inputs and Outputs
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The TR4 development board containgréetypes of clock inputs which incled26 global clock
input pins external PLL clock input@nd transceiver reference clock inputhie clock input
sources of the Stratix IV GX FPGA originate from-looard oscillators, a 50MHz, driven through
the clock buffers as well as other interfacedudimg HIMC, GPIO expasion headefshare pins

with HSMC Port C) and SMA connector§ he overall clock distribution of thER4 is presented in
Figure 2-24.
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Figure 2-24 Clock Connections of the TR4
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Note:

(1) SMA_CLKOUT_pN and soméHSMC-A clock signals are connected Bank 5C If users use
SMA_CLKOUT_ph ,please s¢dSMC-A I/O standard t@.5V.

(2) SMA_GXBCLK_p/n inputHSMC-E andPCIEQG3 Transceiver Bank GXBL

(3) PGM_GXBCLK_pl/ninputHSMC-A andPCIE1&® Transceiver Bank GXBR

(4) HSMD_OUTOinterface through kevel shift so the maximum speed6®Mbps

The Stratix IV GX FPGA consists 8fdedicated clock input pingd from those pins3 dedicated
differentid clock input listed inTable 2 19. In addition, there are a total of 8 PLLs available for the
Stratix IV GX device.

Table 2 19 Dedicated Clock Input Pins

Dedicated Clock Input Pins

OSC_50_BANK1
HSMD_CLKINO

HSMC_CLKIN_p2
HSMC_CLKIN_n2
HSMA_CLKIN_p2
HSMA_CLKIN_n2
HSME_CLKIN_p2
HSME_CLKIN_n2

The dedicated clock input pins from the clock input multipletlew users to use any of these

clocks as a source clock to drive the Stratix IV PLL circuit through the GCLK and RCLK networks.
Alternatively,PLLs through the GCLK and RCLK networksfoom dedicated connections on
adjacent top/bottom and left/right PLLs can also drive the PLL circuit. The clock outphbts of

Stratix IV GX FPGA are derived from various interfaces, notably the HSMC and the SMA
connectors.

A Stratix IV GX FPGA Transceiver Clock Inputs

The transceiver reference clock inputs for the serial protocols supported by the Stratix IV GX FPGA
transceiver channeisclude the PCI Express (PIP&)d the SMA connectors.

TheTR4 uses threprogrammable lowjitter clock generators with default clock output of 100MHz
and an /O standard of LVDS that is roonfigurable. The clock generators are programmed via
Max Il CPLD to generate the necessary clocks for the SiNaXX transceiver protaals and
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interfaces such as HSMC. The PCI Express (PIPE) transceiver reference geckrated from the
PCle connector.

The clock frequency for the programmable clock generators can be specified by u3iRg the
control panelTR4 system builder, othe externatlock generator demo provided.

The associated pin assignments for clock buffer and SMA connectors to FPGA I/O pins are shown
in Table 2 20.

Table 2 20 Clock Inputs/Outputs Pin Assignments, Schematic Signal Names, and Functions

Board Schematic Description I/O Standard Stratix IV GX
Reference Signal Name Pin Number

u49-4 OSC_50 BANK1 Dedicated 50MHz clock 2.5-V AB34
input for bank 1C

uz21-4 OSC_50_BANK3 50MHz clock input for 2.5-V AW?22
bank 3C

u20-4 OSC_50_BANK4 50MHz clock input for 2.5-V AV19
bank 4C

ulz-4 OSC_50_BANKY 50MHz clock input for 1.5-vV A21
bank 7C

Ul3-4 OSC_50_BANKS8 50MHz clock input for 1.5-vV B23
bank 8C

U11-6 HSMA_REFCLK_p | HSMC-A transceiver LVDS AA2
reference clock input

U11-5 HSMA_REFCLK_n | HSMC-A transceiver LVDS AA1l
reference clock input

U5-6 HSME_REFCLK_p | HSMC-E transceiver LVDS AA38
reference clock input

Us-5 HSME_REFCLK_n | HSMC-E transceiver LVDS AA39
reference clock input

J20 SMA_CLKOUT_p | SMA differential clock 25V orLVDS | AC1l
output

J19 SMA_CLKOUT_n SMA differential clock 25V orLVDS | AC10
output

J16 SMA_GXBCLK_p | SMA transceiver LVDS J38
reference clock input

Ji7 SMA_GXBCLK_n | SMA transceiver LVDS J39
reference clock input

J21 SMA_CLKIN SMA clock input 2.5V AW19
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2.9 PCI Express

The TR4 development bardfeatures two PCle Expredswnstreaminterfaces X4 lane) which are
designed tonterface witha PC motherboard4 slot via PCle cable and PCle adapter catdizing
built-in transceivers on a Stratix IV GX devjcé is able to provide a fully integted PCI
Expresscompliant solution for multlane (x4) applicationswith the PCI Express hard IP block
incorporated in the Stratix IV GX device, it will allow users to implement simple and fast protocol,
as well as saving logic resources for logic aggilon

The PCI Express interface supports complete PCl Express GenbhGiipa/lane and Gen2 at
5.0Gbps/lane protocol stack solution compliant to PCl Express base specificatitatZincludes
PHY-MAC, Data Link, and transaction layer circuitry embedidePCI Express hard IP blocks

To use PCle interface, twexternalassociatedlevices will be neeztl to establishlink with PC.
First,a PCle hakheight adein hostcard with a PCle x4 cable connectadled PCA(PCle Cabling
Adapter Card)SeeFigure 2-25) will be used to plugnto thePCle slot ora mother board. Then, a
PCle x4 cabléSeeFigure 2-26) will be used to connect TR4 board and PCle-imdchrd as shown
in Figure 2-27, the longest length up to 3 metefhese two assoaied deviceare not included in
TR4 kit. To purchase th®CA cardas well as the external cablgleaserefrenceTerasicwebsite
pca.terasic.conandPCle_Cableterasic.com

Finally, section 6.3 and 6.4 demordé& two examplesn how to usethe PCle interface of TR4
board witha PC. Table 2-16 and Table 2-17 summarize the PCI Express pin assignments of the
signal names relative the Stratix IV GX FPGA
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Figure 2-25 PCle Cabling Adaptor(PCA) card

~
”
>
-
\ |
e

Figure 2-26 PCle External Cable
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Figure 2-27 PCle Link Setup between TR4 and PC

PCle0 WAKE n (]

v

PCle0 pREST n

PCle0 REFCLK p

PCle0 REFCLK n

PCle0 TX pl3:0] PCle0

A 4

PCle0 TX n[3:0]

v

PCle0 RX n[3:0]

L PCle0 RX p[3:0]

Stratix' IV __PCle1 RX n[3:0]
__ PCle1 RXp[3.0]

PCle1 TX p[3:0] N

PCle1 TX n[3:0] q

T PCle1 REFCLK p PCle1
PCle1 REFCLK n

PCle1 PREST n

PCle1 WAKE n

0

Figure 2-28 PCI Express Pin Connection
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Table 2-16 PCle0Pin Assignments, Schematic Signal Names, and Functions

Name

PCIEO_REFCLK_p

PCIEO_PREST n

PCIEO_WAKE_n

PCIEO_TX_p[0]
PCIEO_RX_p[0]
PCIEO_TX_p[1]
PCIEO_RX_p[1]
PCIEO_TX_p[2]
PCIEO_RX_p[2]
PCIEO_TX_p[3]
PCIEO_RX_p[3]

PCle0 4-Lane Downstream
I/0 Standard

Description

PCle0 reference

clock

PCle0 present

PCle0 wake

PCle0 data lane

HCSL

Depends on HSMC
Port A I/O standard
Depends on HSMC
Port A I/O standard

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

Stratix IV GX Pin Number

AN38

F8

AE10

AT36
AU38
AP36
AR38
AH36
AJ38
AF36
AG38

Table 2-17 PClelExpress Pin Assignments, Schematic Signal Names, and Functions

Name

PCIE1_REFCLK p

PCIE1_PREST n

PCIEL_WAKE_n

PCIEL_TX_p[0]
PCIEL_RX_p[0]
PCIEL_TX_p[1]
PCIEL_RX_p[1]
PCIEL_TX_p[2]
PCIEL_RX_p[2]
PCIEL_TX_p[3]
PCIEL_RX_p[3]

PClel 4-Lane Downstream

Description

PClel reference

clock

PClel present

PClel wake

PClel data lane

2.10 Flash Memory

I/OStandard

HCSL

Depends on HSMC
Port A I/O standard
Depends on HSMC
Port A I/O standard

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
input

Stratix IV GX Pin Number

AN2

G8

AE11

AT4
AU2
AP4
AR2
AH4
AJ2
AF4
AG2

The TR4 development board feature64MB Intel CFFcompliant NORtype flash memiy device
which is part of the shared FMS Bus consisting of flash memory, SSRAM, and the Max Il CPLD
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(EPM2210) System ControlleéFhe single synchronous flash memory withbi6data bus supports
4-word, 8word 16word, and continuouword burst mode prodes norvolatile storage that can be
used for configuration as well as software storaffge memory interface can sustain output
synchronousurst read operations at 40MHz with zero wait stafdse device defaults to
asynchronous pagmaode read when poweip is initiated or returned from reset

This device is also used to store configuration files for the Stratix IV GX FPGA where the MAX I
CPLD (EPM2210) can access flash for FPP configuration of the FPGA using the PFL Megafunction
Table 2-18lists the flash pin assignments, signal names, and functions

NN—T\—| FLASH_CLK
N N—"T—>| FLASH_RESET n
N PN—T\—»| FLASH_CE_n
N N—T—| FLASH_ADV n
N N—\— FLASH_RDY_BSY_n
NN—"T\—»| FLASH_WP_n
—T—TT—| Fsm_WE_n
| FSM_OE_n
‘ — —/\—p| FSM_D[15:0]
—V FSM_A[25:1]
-V, -,
/ANO TS RYA\
®
! FSM_A[22:2]
@gxl v FSM_D[31:0]
FSM_OE_n

FSM_WE_n(BWE_n)
SSRAM_ADSC n
SSRAM_ADSP_n
SSRAM_ADV n
SSRAM_BE_n0
SSRAM_BE_n1
SSRAM_BE_n2
SSRAM_BE_n3
SSRAM_CE1_n
SSRAM_CLK
SSRAM_MODE
—E;\— SSRAM_GW_n
N—— SSRAM_CE2
SSRAM_CE3 n

oz

VvV V V V V VvV VvV vy VvYvYyYyyvey

Figure 2-29 Connection between Flash, SSRAM, MAXII EPM2210 and the Stratix IV GX FPGA
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Table 2-18 Flash Memory Pin Assignments, Schematic Signal Names, and Functions

L o Stratix IV GX
Schematic Signal Name |Description I/O Standard .
Pin Number

FSM_A1l Address bus 3.0-V PCI-X PIN_L31
FSM_A2 Address bus 3.0-V PCI-X PIN_F34
FSM_AS3 Address bus 3.0-V PCI-X PIN_D35
FSM_A4 Address bus 3.0-V PCI-X PIN_D34
FSM_A5 Address bus 3.0-V PCI-X PIN_E34
FSM_A6 Address bus 3.0-V PCI-X PIN_C35
FSM_A7 Address bus 3.0-V PCI-X PIN_C34
FSM_A8 Address bus 3.0-V PCI-X PIN_F33
FSM_A9 Address bus 3.0-V PCI-X PIN_G35
FSM_A10 Address bus 3.0-V PCI-X PIN_H35
FSM_A11 Address bus 3.0-V PCI-X PIN_J32
FSM_A12 Address bus 3.0-V PCI-X PIN_J33
FSM_A13 Address bus 3.0-V PCI-X PIN_K32
FSM_A14 Address bus 3.0-V PCI-X PIN_K31
FSM_A15 Address bus 3.0-V PCI-X PIN_AH17
FSM_A16 Address bus 3.0-V PCI-X PIN_AH16
FSM_A17 Address bus 3.0-V PCI-X PIN_AE17
FSM_A18 Address bus 3.0-V PCI-X PIN_AG16
FSM_A19 Address bus 3.0-V PCI-X PIN_H32
FSM_A20 Address bus 3.0-V PCI-X PIN_H34
FSM_A21 Address bus 3.0-V PCI-X PIN_G33
FSM_A22 Address bus 3.0-V PCI-X PIN_F35
FSM_A23 Address bus 3.0-V PCI-X PIN_N31
FSM_A24 Address bus 3.0-V PCI-X PIN_M31
FSM_A25 Address bus 3.0-V PCI-X PIN_M30
FSM_DO Data bus 3.0-V PCI-X PIN_B32
FSM_D1 Data bus 3.0-V PCI-X PIN_C32
FSM_D2 Data bus 3.0-V PCI-X PIN_C31
FSM_D3 Data bus 3.0-V PCI-X PIN_F32
FSM_D4 Data bus 3.0-V PCI-X PIN_J30
FSM_D5 Data bus 3.0-V PCI-X PIN_K29
FSM_D6 Data bus 3.0-V PCI-X PIN_K30
FSM_D7 Data bus 3.0-V PCI-X PIN_L29
FSM_D8 Data bus 3.0-V PCI-X PIN_M29
FSM_D9 Data bus 3.0-V PCI-X PIN_N29
FSM_D10 Data bus 3.0-V PCI-X PIN_P29
FSM_D11 Data bus 3.0-V PCI-X PIN_T27
FSM_D12 Data bus 3.0-V PCI-X PIN_AM17
FSM_D13 Data bus 3.0-V PCI-X PIN_AL17
FSM_D14 Data bus 3.0-V PCI-X PIN_AK16
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FSM_D15
FLASH_CLK

FLASH_RESET n

FLASH_CE_n
FSM_OE_n
FSM_WE_n
FLASH_ADV_n

FLASH_RDY_BSY_n

FLASH_WP_n

Data bus
Clock

Reset

Chip Enable
Output Enable
Write Enable
Address Valid
Ready

Write Protect

3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
15V

15V

PIN_AJ16
PIN_AU15
PIN_AV16
PIN_AP16
PIN_AT16
PIN_AL16
PIN_AT15
PIN_A23

PIN_A20

2.11 SSRAM Memory

The Synchronous Static Random Access Memory (SSRAM) device featured ofRthe
development board is part of the sharéashSSRAM-Max Il (FSM) bus, which connects tBlash
memory, SSRAM, and the MAX Il CPLD (EB#2210) System Controllefhis device is a 2MB
synchronouly pipelinedand high-speed, lowpower synchronous static RAM designed to provide
burstable, highperformance memory for communication and networking applicatitrige 2-19
lists the SSRAM pin assignmerdadsignal names relative to the Stratix IV GX device in terms of
I/O setting

Table 2-19 SSRAM Memory Pin Assignments, Schematic Signal Names, and Functions

Schematic Signal o Stratix IV GX
Description I/O Standard )

Name Pin Number
FSM_A2 Address bus A0 3.0-V PCI-X PIN_F34
FSM_A3 Address bus Al 3.0-V PCI-X PIN_D35
FSM_A4 Address bus A2 3.0-V PCI-X PIN_D34
FSM_A5 Address bus A3 3.0-V PCI-X PIN_E34
FSM_A6 Address bus A4 3.0-V PCI-X PIN_C35
FSM_A7 Address bus A5 3.0-V PCI-X PIN_C34
FSM_AS8 Address bus A6 3.0-V PCI-X PIN_F33
FSM_A9 Address bus A7 3.0-V PCI-X PIN_G35
FSM_A10 Address bus A8 3.0-V PCI-X PIN_H35
FSM_A11 Address bus A9 3.0-V PCI-X PIN_J32
FSM_A12 Address bus A10 3.0-V PCI-X PIN_J33
FSM_A13 Address bus All 3.0-V PCI-X PIN_K32
FSM_A14 Address bus A12 3.0-V PCI-X PIN_K31
FSM_A15 Address bus A13 3.0-V PCI-X PIN_AH17
FSM_A16 Address bus Al14 3.0-V PCI-X PIN_AH16
FSM_A17 Address bus A15 3.0-V PCI-X PIN_AE17
FSM_A18 Address bus A16 3.0-V PCI-X PIN_AG16
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FSM_A19
FSM_A20
FSM_A21
FSM_A22
FSM_DO

FSM_D1

FSM_D2

FSM_D3

FSM_D4

FSM_D5

FSM_D6

FSM_D7

FSM_D8

FSM_D9

FSM_D10
FSM_D11
FSM_D12
FSM_D13
FSM_D14
FSM_D15
FSM_D16
FSM_D17
FSM_D18
FSM_D19
FSM_D20
FSM_D21
FSM_D22
FSM_D23
FSM_D24
FSM_D25
FSM_D26
FSM_D27
FSM_D28
FSM_D29
FSM_D30
FSM_D31

FSM_OE_n(OE_n)
FSM_WE_n(BWE_n)
SSRAM_ADSC_n
SSRAM_ADSP_n
SSRAM_ADV_n
SSRAM_BE_noO
SSRAM_BE_n1
SSRAM_BE_n2
SSRAM_BE_n3
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Address bus A17

Address bus A18

Address bus A19

Address bus A20

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Data bus

Output Enable

Byte Write Enable

Address Status Controller
Address Status Processor
Synchronous Burst Address Advance
Synchronous Byte Write Controls
Synchronous Byte Write Controls
Synchronous Byte Write Controls
Synchronous Byte Write Controls
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3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X
3.0-V PCI-X

PIN_H32
PIN_H34
PIN_G33
PIN_F35
PIN_B32
PIN_C32
PIN_C31
PIN_F32
PIN_J30
PIN_K29
PIN_K30
PIN_L29
PIN_M29
PIN_N29
PIN_P29
PIN_T27
PIN_AM17
PIN_AL17
PIN_AK16
PIN_AJ16
PIN_AK17
PIN_T28
PIN_R27
PIN_R28
PIN_R29
PIN_N30
PIN_N28
PIN_M28
PIN_H31
PIN_G31
PIN_D31
PIN_E31
PIN_F31
PIN_E32
PIN_C33
PIN_D33
PIN_AT16
PIN_AL16
PIN_AP17
PIN_AR17
PIN_AW16
PIN_AN16
PIN_AN17
PIN_AR16
PIN_AU16
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SSRAM_CE1 n Synchronous Chip Enable 3.0-V PCI-X PIN_AF17

SSRAM_CLK Synchronous Clock 3.0-V PCI-X PIN_AG17
SSRAM_MODE Burst Sequence Selection - -
SSRAM_GW_n Synchronous Global Write Enable - -
SRAM_CE2 Synchronous Chip Enable - -
SSRAM_CE3 n Synchronous Chip Enable - -
SSRAM_Z77 Power Sleep Mode - -

2.12 Temperature Sensor and Fan

TheTRA4 is equipped with a temperature sensor MAX1619, which provides temperature sensing and
overtemperature alest These functions are accomplished by connecting the temperature sensor to
the internal temperatarsensing diode of the Stratix IV GX devidehe temperature status and
alarm threshold registers of the temperature sensor can be programmed byisetB8MBus,

which is connected to the Stratix IV GX FPGPhe 7-bit poweron-reset POR slave address fo
thissensor s 600.11000b6

An optional 3-pin +12V header forfan control located on 10 of the TR4 board is intended to
reduce the temperature of the FPGAhen the temperature of the FPGA device is over the
threshold value set by the users, the farl tiin on automaticallyThe pin assignments for the
associated interface are listedlable 2-20.

Table 2-20 Temperature Sensor Pin Assignments, Schematic Signabfes, and Functions

Schematic Signal

Description I/O Standard  Stratix IV GX Pin Number
Name
TEMP_SMCLK SMBus clock 2.5-V PIN_AR14
TEMP_SMDAT SMBus data 2.5-Vv PIN_AP14
TEMP_OVERT_n SMBus over-temperature alarm = 2.5-V PIN_AK14
TEMP_INT_n SMBus alert (interrupt) 2.5-V PIN_AH13
FAN_CTRL Fan control 1.5-V PIN_B17
2.13 Power

The TR4 board featusea standalone DGnput rated atl9V.The DC voltage is stepped down to
various power rails used by the components on the board and installdteirt8 MC connectors.
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Power Switch

The slide switc{SW7) is the board power switch for the DC power inpAthen the slide switch is
in the ON position, the board is poweron. Alternatively when the switch is in the OFF position,
the board ipoweredoff.

2.14 Security

The TR4 boardfeaturesdesign securityto protect your designs against unauthorized copying,
reverse engineering, and tampering of your configuration fles.more information, please refer
to Alterats application notejAN556: Using the DesigiBecurity Features iitera FPGA®

2.15 Using External Blaster

User can use external blaster to configure FPGA such us Ethernet Blaster. To use this feature, user
need toinstall 2x5 2.54mm connector and four 0 Omesistor(0402 size) on J2 and R199~R201,
respectively(SeeFigure 2-30 andFigure 2-31).

'
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Figure 2-30 J2 Position on TR4
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R199~R201

ey U e u e i an® 0000
easeenm

Figure 2-31 R199~R201 Position on TR4
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Chapter 3

Control Panel

The TR4 board comes with a RPBased Control Panel that allows users to access various
components onboardhe host computer communicates with the board via-B&Bterport The
tool can be used to verify the functionality of components

This chapter presents some basic functions of the Control Panel, illustrates its structure in block
diagram form, and finally describes its capabilities

3.1 Control Panel Setup

The Control Panel softwareiul i t y i s | oc at/Teak/TR4rControhPanela i ir e ct b e
TR4 System CD To execute the program, simply copy the whole folder to your host computer and
launch the control panel by double clicking &4 _ControlPanel.exe

CAUTION . Please make serQuartusll and USBBlaster Driver are installed before launching
TR4 Control Panelln addition, before the TR4 control panel is launghed imperativethatthe
fan is installed on the Stratix IV GX device to prevent excelshigh temperatueonthe FPGA.

To activate the Control Panel, perform the following steps:

1  Make sure Quartus Il aridios Il are installed successfully on your PC

1  Connect the supplied USB cable to the USB Blaster port and the supplied power dord to J
Turn the power switch B.

1  Verify the connection on the USB blaster is available and not occupied or used between
Quartus and'R4.

Start the executablBR4_ControlPanel.exeon the host computeFigure 3-1 will appear and the
Control Pankstarts to autaletect the FPGA and download tkeffiles.

After the configuration file is programmed to thR4 board, the FPGA device information will be

displayed on the windaw
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Note. The Control Panel will occupy the Urt; users will not be ablto download any
configuration file into the FPGA before you exit the Control Panel program

Figure 3-1 Download .sof Files to the TR4 board

The Control Panel is now ready, as showfiure 3-2.
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- =——————d
Temperature Information '

/P\

| DISCONNECT

Figure 3-2 TR4 Control Panel is Ready

If the connection betweehR4 boad and USBBlaster is not established, or th&4 board is not
powered on before running tiiER4_Control Panelexe the Control Panel will fail to detect the
FPGA and a warning message window will pop up as showiyime 3-3.
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Failed to find TR4. FPlease make sure:
1. TR4 and PC are connected by an USB cable.

. TR4 is powered on.

Figure 3-3 The TR4 Control Panel Fails to Download .sof File

The concept of th&R4 Control Panel is illustrated ifigure 3-4. The fContr och Cod
performs the control functions is implemented in the FPGA bdardommunicates with the

Control Panel window, which is active on the host computer, via the USB BlasterThek
graphical user interface is used to issue commands to the control ikddeslles all requests and
performs data transfer between the computer antiRdéooard
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TR4 Board

External
|III|!!!IIII
Temp
llll!llilll

LEDs

Buttons

Switches

Figure 3-4 TR4 Control Panel Block Diagram

The TR4 Control Panel came used to illuminate the LEDsonitoring luttons/switches status,
read/write from various memory types, in addition to testing various componentsiéi4fard

3.2 Controlling the LEDs

One of the functions of the Control Panel is to set up the status of the TE®&bwindow shown
in Figure 3-5 indicates whergou can directly turn all the LEDs on or off individually by selecting
them and clicking ALight AIl &6 or #AUNnlight Al
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‘—_‘ ——§
BUTTON ’ Fan ‘

- —_—
Temperature Information ‘

Figure 3-5 Controlling LEDs

3.3 Switches and Push-Buttons

Choose theButton tab as shown ir-igure 3-6. This function is designed to monitor status of
switches and buttons from a graglicserinterface in reatime. It can be used to verify ¢h
functionality of switches and buttons
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\

|

\ -

——
Memory ‘ HSMC

e —

Temperature Information
\ > \ -’

/ I \ Button3  Button2  Button1  Button0

| { DIsCONNECT

g

VAN CATRRE SEm

Figure 3-6 Monitoring Switches and Buttons

3.4 Memory Controller

The Control Panel can be used toit&/read data to/from the DCIRSO-DIMM /Flash/SSRAM
memory on thél'R4 board We will describe how the DDRSO-DIMM is accessedClick on the
Memory tab to reach the taindow shown inFigure 3-7.

A 16-bit valuecan be written into the DDRSO-DIMM memory by three steps, namely sgging

the address of the desired location, entering the hexadecimal data to be written, and pressing the
Write button Contents of the location can be read by pressindrRtaa button Figure 3-8 depicts

the reslt of writing the hexadecimal value 7EFF to location 0x100, followed by reading the same
location
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The Sequential Write function of the Control Panel is used to write the contents of a file to the serial
configuration device, as described below:

1  Specify tre starting address in tedressbox.

1  Specify the number of bytes to be written in tieagth box. If the entire file is to be
loaded, a check mark can be placed inRite Length box instead of giving the number
of bytes

1 To initiate the writing of dataclick on theWrite a File to Memory button

1  When the Control Panel responds with the standard Windows dialog box asking for the
source file, specify the desired file in the usual manner

The Sequential Read function is used to read the contents ofrihlecsafiguration device and
place them into a file as follows:

1  Specify the starting address in hddressbox.

1  Specify the number of bytes to be copied into a file in_#mggth box. If the entire
contents of the serial configuration device are to Ipgech then place a check mark in the
Entire Memory box.

1 Press Load Memory Content to a File button

1  When the Control Panel responds with the standard Windows dialog box ask for the
destination file, users can specify the desired file in the usual manner
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 — e
LED ’ | Memory Type |DDR3 SODIMM (20000000h WORDS, 1 GB) g

| BUTTON ’ Fan ‘ Addres;ﬁ \'IDATA' DATA: |
er ’ | HSMC ‘

J\ ) d00000000  [EEERETE 0 | W FieLength

Temperature Information

/ Adaress: [TIIIIGNY  cenotr: (I = ertre vemory

v) \N

| Disconnecr. |

Figure 3-7 Access DDR3 SO-DIMM Memory
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——

IDDR3 SODIMM (20000000h WORDS, 1 GB) |
Addressr( 0o wDATA:E- rDATA: (0000 |

e—RemgPsDTTT W™ e

e ‘ HSMC

D) N Address: [NNGUIIN Lengtn: [i File Length

| |

—_— Wi A Fle o WemoryT

| Temperature Information l

/ RS 10000000 Length:_ [l Entire Memory

e road Memory contentioa e
| Discomnect. |

NS

ter CTTT E——

wwn CerARE Som

Figure 3-8 Writing the Hexadecimal Value 7EFF to Location 0x100

3.5 Temperature Monitor

Choose th&@emperature tab to reah the window shown ifrigure 3-9. This function is designed
to control temperature sensor througle Control PanelThe temperatures of Stratix IV GX and
TR4board are shown on the righind side of the Contrélanel

When the temperature of Stratix IV GX exceed
O0Al ertd, a warning messageCWwiktk BR&eatdowbubohoh
settings for 0 Ov er . Wsersnpaea reatdthe rnmexdmuna &l mididsdme r t 6
temperatures for O00Over t .eClicgthe Writcubuteod to opdatedha | e r 1
values entered
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T_max Read: 1_ﬁl|—

T_hyst Read: ||

T_high Read: T_high “Write: 127

g5
127
T_low Read: |-55 | T_low Write: [ 55

G e

Figure 3-9 Accessing the Temperature Sensor through Control Panel

3.6 PLL

The PLL function is designed to configure the external programmable PLL diiRth& here are 3
programmable clocks for thER4 board that generates reference clocks for the following signals
HSMA REFCLK p/n, HSMB_REFCLK p/n, and PGM_GXBCLK_p1/n1 The clock frequency

can be adjusted to26, 75, 100, 125, 150, 15, 1875, 200, 250, 318, and 625MHzChoose
the O6PLLO6 tab to r éiguelB-1Q To set thei dasdeoclock fdyweney forithe

A

assoc ated clock signal, click on 06Setd
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— -
Temperature Information '

|unchanged [

Figure 3-10 Programmable External PLL Configured through Control Panel

3.7 HSMC

Choose thedSMC tab to reach the window shown ngure 3-11. This function is designed to
verify the functionality of signals found on the HSMC connectors of parg, &, D, E andF using

a loopback approactBefore running the loopback verification HSMC test, select the desire
HSMC connector to be $&d Follow the instruction noted undeoopback Installatiorsection and
cl i ck o.NotedtheeQontrdl Painel HSMC loopback test does not tedtahsceivesignals

on the HSMC interface. For HSMC transceiver loopback test, please refer to tbastietion
section.

CAUTION. Turn off the TR4 board before the HSMC loopback adaptsrogntedto prevent any
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damage to the TR4 board.

e B

| Temperature l Information ‘

f-

| DISconNECT,

Figure 3-11 HSMC Loopback Verification Test Performed under Control Panel

3.8 Fan

Choose thé-an tab to reach the window shown fingure 3-12. This function is designed to verify
the functionality of the fan components and sigrnRlsase make sure tfanis installed on th&R4

before running this function
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_
\ - ‘ L

BUTTON ‘ 3

Y
Memory ‘ HSMC ‘

| Temperature Information ‘

/f"

| DISCONNECT

Figure 3-12 Fan Control of the TR4

3.9 Information

For more information, please click on the Information button in daexachthe window shown in
Figure 3-13., Usess can clickfiTerasic Web button andiTR4_Welw button toreach the respective
websites in order to learn more about the TR4 and Terasic Technologies.
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Figure 3-13 Information Tab of TR4 Control Panel
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Chapter 4
TR4 System Builder

This chapter describes how users can create a custom design project B4 board by usinghe
includedTR4 softwaretool i TR4 System Builder

4.1 Introduction

The TR4 System Builder is a Windowlsased software lity, designed to assist userscreatinga
Quiartus Il project for th&R4 board within minutesThe generated Quartus Il project files include:

Quartus Il Project File.gpf)

Quartus Il Setting File.gsf)
Top-Level Design File.{)

External PLLControler (.v)

Synopsis Design Constraints filsdc)

Pin Assignment Documenih{m)

5

The TR4 System Builder not only can generate the files above, but can also providehexcking
rules to handle situatierthat are prone to errarfhe common mistakes thasers encounter are the
following:

Board damagedue b wrong pin/bank voltage assignmegnt
Board malfunction caused by wrong device connections or missing pin couctsf@ctions

Poor erformance dropue toimproper pin assignments
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4.2 General Design Flow

This section will introduce the general design flow to build a project fof R¥#board via theTR4
System BuilderThe general design flow is illustrated in thigure 4-1.

Users should launciR4 System Builderand create a new project according to their design
requirementsWhen users complete the settings, T4 System Builder will generate two major
files which includeatop-level design file ) and the Quartus Il settiadjle (.gsf).

The toplevel desig file containsa top-level Verilog wrapper for users to add their own
design/logic The Quartus Il settirgfile contains information such as FPGA device type;léwel
pin assignmerst and 1/O standasfor each usedefined I/O pin

Finally, Quartus llprogrammer must be used to download SOF fil@ R board using JTAG
interface

Figure 4-1 General Design Flow
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4.3 Using TR4 System Builder

This section provides the detail procedures on how R#eSystem Biuder is used

Install and launch theTR4 System Builder

The TR4 System Builder is located in the directoryfobls\TR4_SystenBuilder” in the TR4
System CD Users can copy the whole folder to a host computer without installing the. utility
Before using te TR4 System Builder, execute tHeR4_SystemBuilderexeon the host computer

as appears iRigure 4-2.

Terasic TR4 ¥1.0.0 X
AITERAY System Canfiguration
UNIVERSITY tcrm
PROGRAM Wvsterasic.com Board Type: TR4_230 A
Project Name: [TR4
CLOCK Switch x 4
MLEDx 4 [ Button x 4
M SSRAM (2MEB) M Temperature
Flash (64MB) Fan Contral
OSMA LI DORS SODIMM
OPCle 0 FCle
I Programmable PLL
Programmakble PLL
HSMA_REFCLK: MHZ
HSME_REFCLK: MHZ
PGM_GXBCLK: MHZ
HSMC Expansion
HSMC-D HSMC-A (Transceiver x 8)
MNaone v MNaone N
Prefix Name: Prefix Name
HSMC-E (Transceiver x 8) HSMC-B
MNone v MNone N
Prefix Name: Prefix Hame
HSMC-F HSMC-CIGPIO |HSMC v
Naone v MNaone &
Prefix Name: Pl betme
Default Setting l l Load Setting... l [ Save Setling. .. l l Generate. . l | Exit

Figure 4-2 TRA4 System Builder Window
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Select Board Type and Input Project Name

Select the target board type and input project name as showuire 4-3.

., Board Type: Select the appropriate FPGA device according fiRA®oard which includes
the EP4SGX230 and EP4SGX58€vices

. Project Name: Specify the project name as it is automatically assigned to the name of the
top-level design entity

Terasic TR4 ¥1.0.0 E'

System Configuration
UNIVERSITY term >
PROGRAM Wwwterssic.com Board Type: |TR4_230 v
TR ) Project Name: TR4
i y 3 CLOCK Switch = 4
' : MLEDx 4 [ Button x 4
M SSRAM (2MB) ¥ Temperature
Flash (64ME) Fan Control
[ISMA O DDRS SODIMM
OPCle 0 OFCle 1

[ Programrmable PLL
Frogrammable PLL

HSMA_REFCLK: MHZ
HSME_REFCLK: MHZ
PGM_GXBCLK: MHZ
HSMC Expansion

HSMC-D HSMC-A (Transceiver x 8)

MNone v None v

Prefix Name: Prefix Name:

HSMC-E (Transceiver x 8) HSMC-B

None v None v

Prefix Name: Prefix Name:

HSMC-F HSMC-C/GPIO |HSMC v

None v None v

Prefix Name: Prefix Name:

Default Setting l l Load Setling... l l Save Setting... l l Generate. . l | Exit

Figure 4-3 TR4 Board Type and Project Name

System Configuration

Under System Coiguration users are given the flexibility of enabling their choice of components
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on theTR4 as shown irigure 4-4. Each component of thER4 is listed where users can enable or
disable a component according teithdesign by simply marking a check or removing the check in
the field providedIf the component is enabled, th&4 System Builder will automatically generate

the associated pin assignments including the pin name, pin location, pin direction, and I/O

standards

Note. The pin assignments for some components fpr2DR3 require associated controller codes
in the Quartudl project otherwise Quartu$ will result in compilation errorsTherefore, do not
select them if they are not necessary in your aesig

Terasic TR4 ¥1.0.0 ]
_ Systern Configuration
UNIVERSITY tcrm
PROGRAM WWwEerasc.com Board Type: |TR4_230 v
Froject Name: TR4
CLOCK Switch x 4
M LED® 4 ¥ Button x 4
M SSRAM (2ZMB) ¥ Temperature
Flash (64MB) Fan Control
CISMA O DDRS SODIMM
CIPCle 0 O PCle 1
O Programmable PLL
Prograrmable PLL
HSMA_REFCLK: MHZ
HSME_REFCLK: MHZ
PGM_GXBCLK: MHZ
HSMC Expansion
HSMC-D HSMC-A (Transceiver x 8)
Haone v MNone v
Prefix Mame: Preiizs [YEimet
HSMC-E {Transceiver x 8) HSMC-B
Mone o MNone v
Firsite Wame: Prefix Name:
HSMC-F HSMC-CIGPIO [HSMC v
Mone v MNone v
Prefix Mame: ezt VEmmet
Default Setting l l Load Setting... l l Save Setting... l l Generate... l ‘ Exit

Figure 4-4 System Configuration Group

Programmable PLL
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There are three external programmable PLLs orboard that provide reference clocks for the
following signalsHSMA_REFCLK , HSME_REFLCLK and PGM_GXBCL K. To use these
PLLs, users can select the desired frequency on the Programmable PLL group, as simaw

Figure4-5.

As the Quartusll project is created, System Builder automatically generates the associated

PLLcon f i
userso

gur at i code
i mpl ementati on

on

accor di nvgrilogwhichufacgitates 6
addi

as no

desi
contro

r

ti onal

Note. If users need to dynamically change the frequency, Wikyneed to modify thegenerated

control code themselves

Terasic TR4 ¥1.0.0

AITERA

UNIVERSITY ter
PROGRA M WWWELerasic.com

System Configuration
Board Type: | TR4_230

Project Name: |TR4

CLOCK

LEDx 4
SSRAM (2MB)
Flash (64MB)

X

Switch x 4
Button x 4

M Temperature
Fan Control

CISMA CIDDR3 SODIMM
CIPCle 0 OPCle 1
C Programmable PLD
Programmable PLL
HSMA_REFCLK: |100 ¥ MHZ
HSME_REFCLK: |100 ¥ MHZ
PGM_GXBCLK: | 100 v | MHZ
HSMC Expansion Unchange
Disable —
HSMC-D HSMC-A (Transceiver X {g2 &
None v MNone
Prefix Name: Prefix Name:
HSMC-E (Transceiver x 8) HSMC-B
Nore v Morne
Puesitie e, Prefix Name:
HSMC-F HSMC-C/GPIO |HSMC
MNore v More v
Prefix Name: Prefix Name:
Default Setling l l Load Setting... ] l Save Setling... l l Generate... l [ Exit

Figure 4-5 External Programmable PLL

TR4 User Manual 75

Rasic]

www.terasic.com

www.terasic.com
January 26, 2021




HSMC Expansion

Users can connect HSMiGterfaced daughter cardsto the HSMC portkcated on th&R4 board
shown inFigure 4-6. Select the daughter card you wish to add to your design under the appropriate
HSMC connector where the daughter card is connectetht System Builder will automatically
generate the associated pin assignmenudey pin name, pin location, pin direction, and 10

standard

| f a cust omi

zed

daughter

board i s

used,

user s

pin name, pin direction, and 10 standard according to the specification of the customize@rdaught
board If transceiver pins are not required on the daughter board, please remember to remove it,
otherwise QuartuB will report errors

Terazic TR4 ¥1.0.0

GERAY

UNIVE
FPROGRAM WWwierssic com

HSMC Expansion

ECECECECRCC O

System Configuration
Board Type: |TR4_230

Project Name: |TR4

CLOCK Switch x 4
MLEDx® 4 ¥ Button x 4

M SSRAM (2MB) M Temperature
Flash (64ME) Fan Control
CISMA CIDDR3 SODIMM
OPCle 0 OPCle 1

O Prograrmmable PLL

Programmable PLL
HSMA_REFCLK:

HSME_REFCLK:
PGM_GXBCLK:

X

tMHZ
MHZ
MHZ

HSMC-D
D1 - FullHD TR

HSMC-A (Transceiver x 8)
DCC- High Speed ADCIDAC v
Prefix Name:

Prefix Name:
HSMC-E (Transceiver x 8) HSMC-B
XTS - Transceiver to SMA v HDOMI R 4
Prefix Name: Bt MEmE:
HSMC-F
LTC2 - 8" LCOfTouch/Carmnera v !
Prefix Name: Prefix Name:
l Default Setting l l Load Setfing... l l Save Sefling... ] l Generate... l [ Exit

TR4 User Manual
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The APref

x N afeature that slenaes thepntname of éhe daughter card assigned in

your designUsers may leave this field empty

Note. If the same HSMC daughter card is selected in both H3WM#Dd HSMGB expansion, a
prefix name is required to avoid pin name duplicatssnshown inFigure 4-7, otherwise System

Builder will prompt an error message

Terasic TR4 ¥1.0.0 X
_ System Configuration
er
DO O | B Board Type: [TRA_230 3
Project Name: |TR4 |
CLOCK Switch x 4
MLEDx 4 ¥ Button x 4
M SSRAM (2MB) ¥ Temperature
Flash (64ME) Fan Control
- CISMA CIDDRS3 SODIMM
£ CIPCle 0 CIPCle 1
O Programmable PLL
Frogrammable PLL
HSMA_REFCLK: MHZ
HSME_REFCLK: MHZ
PGM_GXBCLK: MHZ
HSMC Expansion
HSMC-D HSMC-A (Transceiver x 8)

DVI- FUIHD TX/RX DVI- FUlHD TX/RX

Profix Name: |DVI_1 Prefix Name: [pvi_2

HSMC-E (Transceiver x 8) HSMC-B
XTS - Transceiver to SMA 'HDMI RX
Prefix Name: | Prefix Name: |
HSMC-F HSMC-CIGPIO |H8MC
LTC2-8" LCDfTouch/Camera \NET - 10/100/1000 Ethernet
Prefix Name: | Prefix Name: |
l Cefault Setting l l Load Sefting... l l Save Setting... l l Generate. .. l [ Exit

Figure 4-7 Specify Prefix Name for HSMC Expansion Board

Additionally, userscan chase theiHSMC-C/GPIQ0 as eithefiHSMCO or iGPIQ0, since theGPIO

portsshare pins with HSM®ort C & shown inFigure 4-8.
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Terasic TRE4 ¥1.0.0

[NB[ERYA,
UNIVERSITY

PROGRAM "WWwIerasic.com

System Configuration

Board Type: |TR4_280

Project Name: |TR4

ECECRCRCECEC©
IR, CLOCK

LEDx 4
SSRAM (2MB)
Flash (64ME)
CISMA

OPCle 0

(88 ;08

i [ |

Switch x 4
Button x 4
Temperature
Fan Control

O DDR3 SODIMM
OPCle 1

X

[ Programmable PLL
Frogrammable PLL

HSMA_REFCLK: MHZ
HSME_REFCLK: MHZ
PGM_GXBCLK: MHZ
HSMC Expansion

HSMC-D HSMC-A (Transceiver x 8)

DVI - FulHD TX/RX | DVI - FUllHD TX/RX

Prefix Name: | Plreti: WEnmst |

HSMC-E (Transceiver x 8) HSMC-B

XTS - Transceiver to SMA |HDMI RX

Prefix Name: | Prefix Name: |

HSMC-F HSMC-C/GPIO

| LTC2 - 8" LCDfTouch/Carmera

None

Prefix Name: r

Prefix Name: |

Generate... Exit

l Default Setting l l Load Sefling... l l Save Setting... l l

Figure 4-8 HSMC-C/GPIO share pins option

After uses selectthe iGPIO0 option, aRGPIO Edib buttonwill appear. If this is clicked, &GP10O
Expansion window will pop up for usex to selecta compatible Terasidaughter cardOnce a
daughter card selected, the JP4 heddegram in theaupper left hand corner of the window, which
configures HSMC Port C and GPIO I/O standards will adjust automatitallyecommad a
suitablel/O standard for the selected daughter cardreown inFigure 4-9.
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[NO[SRYA,

UNIVERSITY ter
FROGRA M WwWwterasic.oom

Systern Configuration

Board Type: | TR4_230 v|

Project Name: |TR4 |

CLOCK Switch x 4
MLED = 4 [¥] Button x 4
M SSRAM (2MB) M Temperature

Fan Control
O DDR3 SCODIMM

Flash (64MEB)

XTS - Transceiver t

CPCle 1
GFIO Expansion
_ | K MHZ
\DEM - 5M Pixel Carmera v [ K. MHZ
Prefix Name: LK =
HSMC Expansion GPIO-1 Header
HSMC-D (| LT - 43" LCD and Touch v rx8)
D%l - FUlHD TR ) | W
Prafix Name:
Prefix Name: :l
HSMC-E (Transceg [ (0]:4 ‘ [ Cancel ‘
Y

Prefix Name: |

pemchame: |

HSMC-F

| LTC2 - 8" LCDfTouch/Camera.

Prefix Name: |

HSMC-C/GPIA_ GFIO v [GPoEat] )
V|E H GFIC 0:None
GPIO 1:None

l Default Setting l l Load Setting...

l Save Setting.. Generate. . l l Exit l

Figure 4-9 GPIO option and I/O standard recommend

Project Setting Management

The TR4 System Builder also provides functions to resedefault setting, loading a setting, and
saving us e igsraionlile ahowh inEigume 4-10. Users can save the current board
configuration information into afg file and load it to th& R4 System Builder
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TE4 ¥1.0.0

X

Terasic

_ System Corfiguration
er
UNIVERSITY
PROGRAM W“WCerast.com Board Type: ‘TR4_230 v|
Project Mame: | TR4
e O ‘ |
e no’ 'des ‘o0 CLOCK Switch % 4
EE ) MLEDx 4 [ Button x 4
SSRAM (ZMB) M Temperature
Flash (64MB) Fan Control
CISMA CIDDR3 SODIMM
OFCle 0 LI PClen

Ol Programmable PLL
Programmable PLL

HSMA_REFCLK: MHZ
HSME_REFCLK: MHZ
PGM_GXBCLK: MHZ
HSMC Expansion

HSMC-D HSMC-A {Transceiver x 8)

DVI - FUlHD TX/RX DV - FullHD TX/RX

Prefix Name: ‘ Prefix Name: H

HSMC-E (Transceiver x 8) HSMC-B

XTS - Transceiver to SMA 'HDMI RX

Prefix Name: ‘ Prefix Name: ‘

HSMC-F HSMC-CIGPIO \HSMC

LTC2-8" LCD/Touch/Camera \NET - 10/100/1000 Ethernet

Prefix Namea: ‘ Prefix Name: ‘

Default Setting | | Load Setting. . Save Sefting. . Generate. . l [ Exit

Figure 4-10 Project Settings

Project Generation

When users press tl@enerate buttan, the TR4 System Builder will generate the corresponding
Quartus Il files and documents as listed inTthsle 4-1 in the directory specified by the user.

Table 4-1 Files Generated byTR4 System Builder
No. Filename Description
<Project name>.v  |Top level Verilog file for Quartus Il
EXT_PLL_CTRL.v |External PLL configuration controller IP
<Project name>.qpf |Quartus Il Project File
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4 <Project name>.qsf |Quartus Il Setting File

5 <Project name>.sdc |Synopsis Design Constraints file for Quartus Il

6 <Project name>.htm |Pin Assignment Document

Users can use Quartus Il software to add custom logic into the project and compile the project to

generate the SRAM ObijeEile (.sof).

In addition, External Programmable PLL Configuration Controller IP will be instantiated in the

Quartus Il toplevel file as listed below:

ext_pll_ctrl u_ext_pll_ctrl
(
/I system input
.0sc_50(0OSC_50_BANK1),
.rstn(rstn),
/Il device 1
.clk1l_set wr(clkl_set wr),
.clkl_set rd(),
/Il device 2
.clk2_set_wr(clk2_set_wr),
.clk2_set_rd(),
/l device 3
.clk3_set_wr(clk3_set_wr),
.clk3_set_rd(),
/I setting trigger
.conf_wr(conf_wr), // 1T 50MHz
.conf_rd(), // 1T 50MHz
/I status
.conf_ready(),
/I 2-wire interface
.max_sclk(MAX2_12C_SCL),
.max_sdat(MAX2_12C_SDA)

);

|l f dynamic PLL configuration
PLL behavior
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Chapter 5
Examples of Aadvanced

Demonstration

This chapter introduces several advanced designs that demonstrate Stratix IV GX features using the
TR4board. The provided designs include the méatures on board suchthe HSMC connectors
PCle,andDDR3. For each demonstration the Stratix IV GX FPGA configuration file is provided, as
well as full source code in Verilog HDL. All of the associated files can be found in the
demonstrationgr4_<Stratix device>older from theTR4 System CD For each of demonstrations
described in the following sections, we give the name of the project directory for its files, which are
sub-directories of thelemonstrationgr4 <Stratix_device>folder.

5.1 Fix Qsys Issue for Quartus 20.1.1

Since the Qsys tool dhe Quartus version 20.1.1 lacks some library files, this will cause users to
encounter errors when regenerating theygproject(seeFigure 5-1). Users may encounter it
when modifying the examples suchRGIE_DDR3, PCle_Fundamentd and
TR4_DDR3_UniPHY_1G_QSYSPlease refeto the following link to fix this issue:
http://www.terasic.com.tw/wiki/Fix_Known_Issues_Quartus QSYS regenerating. error
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http://www.terasic.com.tw/wiki/Fix_Known_Issues_Quartus_QSYS_regenerating_error

= Generate Completed X
Al @ A @

@ Exrror: s0: make[1]: Entering directory Ymat/e/Users/User/AppData/Local/ Temp/alt3hsa_3074721250040608229 4ir016_s0_ger ™
@ Exrror: s0: [sequencer clean complete]

@ Error: s0: Infor Building fmnt/c/Users/User/AppDatalLocal/ Temp/faltshis3_3978721250040608220. dir/0016_s0_gentqsys_pre_cor

@ Error: s0: make --no-print-directory -C fmntic/Users/User/AppDiata/Local/ Temp/alt8653_3078721 250040608220, dirI016_s0_gea

@ Error: s0: Compiling alt_dcache_flush_all.c...

@ Error: 80: nios2-elf-goc.exe -xe MP -MMD ¢ -1/HALfing -1 -L/driversfing -pipe -D'__hal__ -DALT NO_C_PLUS_FLUS -D¢
@ Error: s0: Makefile:539: recipe for target 'obi/HAL/src/alt_dcache flush_all.o' failed

@ Error: s0: Makefile:344: recipe for target Ymntie/Users/User/AppDataLocal/ Tempdalt3653_30787212500406908229, dird0016_s0_

@ Error: s0: make[1]: Leaving directory Ymntic/Users/User/AppData/Local/Temp/alt8n53_307872 1250040608220 dir016_s0)_gen

@ Error: s0: Makefile:12: recipe for target 'elf' failed

@ Error: s0: child process exited abnormally

@ Error: s0: Cannot find sequencer/sequencer.elf Jan 26,
@ Euror: 50z An errer ocenrred while executing "error "An error cccurred ™ (procedure "_error" line 8) invoked from within | Error: sC
@ Info: s0: "mem_if ddr3_emif 0" instantiated altera_mem_if ddr3_gseq "s0"
@ Error: Generation stopped, 198 or more modules remaining

@ Info: g_sys: Done "g_sys" with 70 modules, 65 files

@ Error: qsvs-generate failed with exit code 1: 80 Errors, 21 Warnings

@ Info: Finished: Create HDL design files for synthesis hd
< >

(23 Generate: completed with errors and warnings.

Stop

Figure 5-1 Qsys regenerating error

5.2 Breathing LEDs

This demonstration shows how to use the FPGA to control the luminance of the LEDs by means of
dividing frequeng. By dividing the frequency fronr80 MHz to 1 Hz you can see LEDBlash once
persecond

Design Tools

Quartus Prime 20.1.1 Standard Edition

Demonstration Source Code

Project directoryBreathing_LEDs
Bit stream usedBreathing_LEDssof

Demonstration Batch File
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Demo Batch File FoldeBreathing_LED$Demo_batch
The demdatch file includes following files:

Batch File:Breathing LEDs.bat

FPGA Configuration FileBreathing LEDs.sof

Demonstration Setup

Make sure Quartus Prime 20.1.1 Standard Edition and Nios Il EDS 20.1.1 are installed on
your PC.

Connectthe USB Blastercalle to theTR4 board andhost PC. mstallthe USB Blaster driver

if necessary.

Power on th& R4 board.

Execute t he Hreathing UEBsbath uhidlee @ he batch file
TR4_Breating LEDSDemo_batch

PresBUTTONO of theTR4 board toreset

TheLEDs will pulse according to the set frequency.

5.3 External Clock Generator

The External Clock Generator provides desigmath 3 programmable clocgeneratoryvia Texas
Instruments chips (CDCM61001RHBT x 2, CDCM61004RHBAW)h the ability to specify the
clock frequency individuallyas well asaddressing the input reference clock for the Stratix IV GX
transceiversThe programmable clock is controlled by a control bus connected to the MAX I
EPM2210 deviceThis can reduce the Stratix IV GX I/O usage whteabling greater functionality

on the FPGA deviceThe MAX Il EPM2210 device is capable of storing the last entered clock
settings at which in the event the board restarts, the last known clock settings are fully.ristored
this demonstration, we illugtte how to utilize the clock generators IP to define the clock output
using the serial buFhe programmable clock outputs generate clock sigh8&IA_REFCLK_p/n
(CDCM61001/0), PGM_GXBCLK pl1l/nl1 (CDCM61004, and HSME_REFCLK p/n
(CDCM61001/02 with adjustakbe output clock frequencies of & 75, 100, 125, 150, 155,
1875, 200, 250, 318, and 625MHzThe 1I/O standard for the clock frequencies is set to LVDS
which is not configurable
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An overall block diagram of the external clock generator is showmhal&igure 5-1.

OSC_50MHz

CLK1_PR1
CLK1_PRO
CLK1_OD2
CLK1_OD1
CLK1_ODO
CLK1_0S1
CLK1_0S0
CLK1_CE
CLK1_RSTh

HSMA_REFCLK

VYV VVvVYVYyVvVYVYYVYY

CLK2_PR1
CLK2_PRO
CLK2_OD2
CLK2_OD1
CLK2_0D0
CLK2_0S1
CLK2_0S0
CLK2_CE
CLK2_RSTn

HSME_REFCLK

VVVVvVYVvYVyYVYyYVYYVY Y

CLK3_PR1
CLK3_PRO
CLK3_OD2
CLK3_OD1
CLK3_0D0
CLK3_OS1
CLK3_0S0
CLK3_CE
CLK3_RSTn

PGM_GXBCLK

VYVYVVVYVYYVYYVYY

SCL

Figure 5-2 External Clock Generator Block Diagram

The EXT_PLL_CTRL IP Port Description

This section describes the operation for the EXT_PLL_CTRL instruction hardwar&igore 5-3
shows the EXT_PLL_CTRL instruction block diagram connected to the MAX Il EPM2210 device
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The EXT_PLL_CTRL controller module is defined by a host device, the Stratix IV GX FPGA and a
slave device, the MAX Il EPM2210Through the 12C bus interfacghe EXT_PLL CTRL
controller is able to control the Max Il device by specifying the desire clock outputs set by the user
By changing the IP parameters of the Terasic EXT_PLL_CTRL IP, the external @ldplt
frequency can be agsted accordingly

Figure 5-3 EXT_PLL_CTRL Instruction Hardware Ports
Table 5-1 liststhe EXT_PLL_CTRL instruction ports

Table5-1 EXT_PLL_CTRL Instruction Ports

Port Name Direction Description
osc_50 input System Clock (50MHz)
rstn input Synchronous Reset (0: Module Reset, 1: Normal)
clkl set_wr
clk2_set_wr |finput Setting Output Frequency Value
clk3_set_wr
clkl set rd
clk2_set rd output Read Back Output Frequency Value
clk3_set_rd
conf_wr Input Start to Transfer Serial Datap- postive edgep,
conf_rd Input Start to Read Serial Data p-postive edgep,

Serial Data Transmission is Complete ( 0: Transmission in

conf_read Output .
- y P Progress, 1: Transmission Complete)

max_sclk Output Serial Clock to MAX I
max_sdat Inout Serial Data to/from MAX Il
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