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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
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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
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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
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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
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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
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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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Table 2-9 HSMC clock interface distribution
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
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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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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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