








Chapter 12: SPI Serial Flash XX"JNX@

7. Asshown in Figure 12-14, select the programming file for the attached SPI Flash

PROM.
Add PROM File HE
Laak in: IlﬂI awitches_leds j - = [

I:h\vcf
vic I_ PROM. mcs
' \8/
File namme: IM_I,I_STMic:rD_SF'I_F'FEEIM.mc:s j \t Open
Files of type: IMI:S Files [*.mes) j Cancel |
7

UG332 c4 26 032907

Figure 12-14: Select the SPI PROM Programming Flle

8. Click Open.
9. Select the part number for the attached SPI Flash PROM, as shown in Figure 12-15.

17Select Device Part Mame
Select PROM
Part Mame: g(y |M25P1E =]
____________________________ - Cancel | Help

UG332_c4_27_032907

Figure 12-15: Select SPI Flash PROM Type
10. Click OK.
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11. Select Bypass when prompted for the Platform Flash PROM programming file, as
shown in Figure 12-16.

£+ Assign New Configuration File

Look ir: IJ|:Z.-"Data.-"m_l.-'_dESigﬂS.-"SWitChES_|El:|S.-" j 4m Ei{ e

=3 I _»megs I ust
I3 _noo ) templates

4| | ]
File name: | Open
File type: I All Drezign Files [".mcs * exo "isc ® bad) j Cancel |
s Mone Cancel Al | Bypazs \]'y

i~ Enable Frogramming of SPI Flash Device Attached to thiz FPGA

" Enable Programming of BRI Flash Device Attached to this FPGA
A

UG332_c4_28_032907

Figure 12-16: Bypass the Platform Flash PROM

12. As shown in Figure 12-17, the iMPACT software then displays the JTAG chain for the
XC3S700A Spartan-3A FPGA followed by the XCF04S Platform Flash PROM. A
similar display will be seen for the XC35700AN Spartan-3AN FPGA. Click to highlight
the FLASH memory attached to the XC35700A FPGA. This action enables the
command options shown in Step 13.

E iMPALT - C:5Datamy_designs’switches_leds'default.ipf - [Boundary Scan]

1;- File Edit Wwiew Operations Output Cebug window Help

1B & B B X[ % i 3

]
= Boday S Right click device to sew‘atmns
- aundary Soan {m
~ malSlaveSerial —
B G electhAP o Lok | | scoumck
i Fmme I
T Desktop Configuration 1 f | ] i
~FalDirect 5Pl Configurati... R R
- [2] SystemALE xC35700a xcfids
-] PROM File Formatter top_level bit bypass N 18
TDOD
odes
/ 1
13/ X
vailahle Ooerationz are; |

Program

| = ety |
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Figure 12-17: iMPACT Presents JTAG Chain, Shows Attached Flash PROM
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=L Programming Properties

Categaory
B rooramming Propattis 14
e Advanced FHUM Frogramming Froperhies
- Revizion Properties
v “erify

13. Double-click Program.
Note: Step 18 occurs later.
14. Click the Programming Properties option under Category, as shown in Figure 12-18.

General CPLD &nd PROM Properties
W [+ Eiase Before Programming [= Fead Pratect

[T PROM/CoolRunnerl Wsercode [8/Hex Digitz] I

\ 17 /
0k \éncel | Apply | Help |

4

UG332_c4_29_032907

Figure 12-18: SPI PROM Programming Options

15. Check Verify. Unchecking Verify reduces programming time but the iMPACT

software can only guarantee correct programming for a verified PROM.

16. Check Erase Before Programming. Unchecking the Erase option reduces
programming time. However, Xilinx recommends erasing the PROM when

downloading a new FPGA bitstream.
Click OK.

The iMPACT software indicates successful programming, as shown in Figure 12-18.
The FPGA is configured with the new programming file.

17.
18.

Related Resources

Refer to the following links for additional information:

¢ Xilinx Parallel Cable IV with Flying Leads

www.xilinx.com/onlinestore/program_solutions.htm#pc

¢ Digilent JTAG3 Programming Cable
www.digilentinc.com /Products/Catalog.cfm?Nav1=Products&Nav2=Cables&Cat=Cable

e Atmel AT45DB161D DataFlash Data Sheet
www.atmel.com/dyn/resources/prod_documents/doc3500.pdf

e STMicroelectronics M25P16 SPI Serial Flash Data Sheet
www.numonyx.com/Documents /Datasheets/M25P16.pdf

e Atmel SPI Serial Flash Programmer, via RS-232 (Reference Design)

www.xilinx.com/products /boards /s3astarter/reference_designs.htm#
atmel spi flash programmer

¢ Universal Scan SPI Flash Programming via JTAG Training Video
www.ricreations.com/JTAG-Software-Downloads.htm
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DDR2 SDRAM

Chapter 13

The Spartan®-3A /3AN FPGA Starter Kit board includes a 512 Mbit (32M x 16) Micron
Technology DDR2 SDRAM (MT47H32M16) with a 16-bit data interface, as shown in

Figure 13-1.
5._(|1v
0.9V  (SSTL_18 Termination Voltage)
swi 1.8y (DDR2 SDRAM Supply Voltage)
REG2 SW2
LDO2 L8V
National % 0.9V (SSTL_18 Reference Voltage)
g B m— T
Regulator See Table SD_A<15:0> (__\-b A[12:0]
(H7) See Table |—==22=207) Lyl ho[15:0]  VREF
@) See Table pmmoDeB252007 | Ly f B A11.0] VDD |
38) (M3) SD RAS | RASH VDDQ |«
(L8) (M4) |—SD_CAS | CASH
(N1) 'ﬂg (N4) |—SD_WE < [ wes
(R6) (E3) —SL-_UDM 8 UDM
(T1) 05) |22 UPS N el f yposy 9
(T6) (K6) la—2DUPQS P 5 L UDQS ég
L »lvccos (3) |—=P-LoM Tibslom  EZ
(k2) | a—=P-LPQSN ﬁ | LDQS# EQ’
(K3) |a—2D=DQSP | LDQS
(M5) |—3P-CS | Cst
(N3) | SD-CKE »| CKE
(M2) | SD_CKN o s
oy | SD_CK P ol ek
(1) |—30-0PT ! ODT
(H4) (H3) —__ >
r SD_LOOP $

Figure 13-1:

~
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FPGA Interface to Micron 512 Mbit DDR2 SDRAM
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All DDR2 SDRAM interface pins connect to the FPGA’s I/O Bank 3 on the FPGA.I/0O Bank
3 and the DDR2 SDRAM are both powered by 1.8V, supplied by a second National
Semiconductor LP3906 regulator from the board’s 5V supply input. The 0.9V reference
voltage, common to the FPGA and DDR2 SDRAMV,, is also supplied by the National
Semiconductor regulator. See “Voltage Regulators” in the Starter Kit Schematic.

All DDR2 SDRAM interface signals are terminated. See “DDR2 SDRAM Termination
Network” in the Starter Kit Schematic for information on the SSTL18 termination scheme
used on the board.

DDR2 SDRAM Connections

Table 13-1 shows the connections between the FPGA and the DDR2 SDRAM. Also see
“32Mx16 DDR2 SDRAM” in the Starter Kit Schematic.

Table 13-1: FPGA-to-DDR2 SDRAM Connections
DDR2 SDRAM | FPGA Pin
Category Signal Name Number Function

SD_A15 W3 Unused on 512 Mbit DDR2 SDRAM device
SD_Al4 va but provided for potential future upgrades
SD_A13 V3
SD_A12 Y2 Address inputs
SD_Al1l V1
SD_A10 T3
SD_A9 W2

g SD_AS8 w1

E SD_A7 Y1
SD_A6 Ul
SD_A5 U4
SD_A4 U2
SD_A3 U3
SD_A2 R1
SD_A1 T4
SD_A0 R2
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DDR2 SDRAM Connections

Table 13-1: FPGA-to-DDR2 SDRAM Connections (Continued)
DDR2 SDRAM | FPGA Pin
Category Signal Name Number Function
SD_DQ15 F3 Data input/output. Outputs defined for
ool | Ga | ompabily wih e i ey
SD_DQ13 F1
SD_DQ12 H5
SD_DQ11 Heé
SD_DQ10 G1
SD_DQ9 G4
= SD_DQ8 F2
a SD_DQ7 H2
SD_DQ6 K4
SD_DQ5 L1
SD_DQ#4 L5
SD_DQ3 L3
SD_DQ2 K1
SD_DQ1 K5
SD_DQO H1
SD_BA2 P5 Bank address inputs
SD_BA1 R3
SD_BAO P3
SD_RAS M3 Command inputs
SD_CAS M4
SD_WE N4
SD_CK_N M2 Differential clock input
E SD_CK_P M1
é SD_CKE N3 Active-High clock enable input
SD_CS M5 Active-Low chip select input
SD_UDM E3 Data Mask. Upper and Lower data masks.
SD_LDM J3
SD_UDQS_N J5 Upper differential data strobe
SD_UDQS_P K6
SD_LDQS_N K2 Lower differential data strobe
SD_LDQS_P K3
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Table 13-1: FPGA-to-DDR2 SDRAM Connections (Continued)
DDR2 SDRAM | FPGA Pin
Category Signal Name Number Function
4 SD_LOOP_IN H4 /0 self-calibration loop. Direction can be
3 reversed if more convenient in the FPGA
E SD_LOOP_OUT H3 application.
i)
2 SD_ODT P1 DDR2 SDRAM on-device termination control
=

UCF Location Constraints

Address

Figure 13-2 provides the User Constraint File (UCF) constraints for the DDR2 SDRAM

address pins, including the I/O pin assignment and the I/O standard used.

NET "SD A<15>"
NET "SD A<14>"
NET "SD A<13>"
NET "SD A<12>"
NET "SD A<11>"
NET "SD _A<10>"

NET "SD A<9>"
NET " SD _A<8>"
NET " SD A<7>"
NET " SD_A<6>"
NET "SD A<5>"
NET "SD A<4>"
NET "SD A<3>"
NET " SD A<2>"
NET " SD A<1>"
NET " SD_A<0>"

Figure 13-2:

LGC
LOC
LOC
LOC
LGC
LGoC
LGoC
LOC
LOC
LOC
LGoC
LGoC
LGC
LOC
LOC
LOC

REEGRES

B
"4
"3
" yon
1
" T3
e
AL
"1

| OSTANDARD = SSTL18_I1
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11
| OSTANDARD = SSTL18_11
| OSTANDARD = SSTL18_11
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11
| OSTANDARD = SSTL18_11
| OSTANDARD = SSTL18_11
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11 ;
| OSTANDARD = SSTL18_11 ;

UCF Location Constraints for DDR2 SDRAM Address Inputs
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UCF Location Constraints

Data

Control

Figure 13-3 provides the User Constraint File (UCF) constraints for the DDR2 SDRAM data
pins, including the I/O pin assignment and I/O standard used.

NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

Figure 13-3:

Figure 13-4 provides the User Constraint File (UCF) constraints for the DDR2 SDRAM
control pins, including the I/O pin assignment and the I/O standard used.

NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

Figure 13-4: UCF Location Constraints for DDR2 SDRAM Control Pins

"SD_DQ<15>"
"SD_DQ<14>"
"SD_DQ<13>"
"SD_DQ<12>"
"SD_DQ<11>"
"SD_DQ<10>"
"SD_DQ<9>"
"SD_DQ<8>"
"SD_DQ<7>"
" SD_DQ<6>"
" SD_DQ<5>"
" SD_DQ<4>"
"SD_DQ<3>"
"SD_DQ<2>"
"SD_DQ<1>"
" SD_DQ<0>"

"SD_BA<2>"
"SD_BA<1>"
" SD_BA<0>"
"SD_RAS"
"SD_CAS"
"SD_WE"
"SD_CK_N'
"SD_CK_P"

" SD_CKE"
"SD_CS"

" SD_UDM'
"SD_UDQS_N'
"SD_UDQS_P"
"SD_LDM'
"SD_LDQS_N'
"SD_LDQS_P"
"SD_CDT"

"SD_LOOP_| N'

LoC

LOC =

LoC

LOC =

LCC
LCC
LoC
LoC
LoC
LCC
LCC
LCC
LoC
LoC

LOC =

LCC =
UCF Location Constraints for DDR2 SDRAM Data I/O Pins

LoC
LGC
LOC
LOC
LOC
LoC

LOC =

LGC
LOC
LOC
LOC
LGC
LGC
LGC
LOC
LOC
LOC

LOC
"SD_LOOP_OUT" LOC

" g3
" g
" Ep
" 5
" G
ey
P
"o
"
" K4
"t
" L5
" g
"KL
" K5
"

" 5
" p3
" VB
"

" E3"
"5
" KE"
" yge
" Ko™
" K3
" p1

= "H3"

| OSTANDARD
| OSTANDARD
| OSTANDARD
| OSTANDARD

| OSTANDARD =

| OSTANDARD
| OSTANDARD
| OSTANDARD
| OSTANDARD
| OSTANDARD
| OSTANDARD
| OSTANDARD
| OSTANDARD

| OSTANDARD =

| OSTANDARD
| OSTANDARD

| OSTANDARD =
| OSTANDARD =
| OSTANDARD =
| OSTANDARD =

| OSTANDARD

| OSTANDARD =
| OSTANDARD =
| OSTANDARD =
| OSTANDARD =
| OSTANDARD =

| OSTANDARD

| OSTANDARD =
| OSTANDARD =
| OSTANDARD =
| OSTANDARD =
| OSTANDARD =
| OSTANDARD =

| 1 OSTANDARI

| | OSTANDARD

SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1
SSTL18 |1

SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;
SSTL18 |1 ;

SSTL18 | |
SSTL18 ||

1
1
1
1
l
l
1
1
1
l
l
l
1
1
1

l
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Reserve FPGA Vigg Pins

Five pins in I/O Bank 3 are dedicated as voltage reference inputs, Vgygg These pins cannot
be used for general-purpose I/Os in a design. Prohibit the software from using these pins
with the constraints provided in Figure 13-5.

# Prohibit VREF pins on FPGA |/ O Bank 3

p
CONFI G PROHI BI T = H7;
CONFI G PROHIBIT = J1;
CONFI G PROHIBI T = J8;
CONFI G PROHIBI T = LS;
CONFI G PROHI BI T = Ni;
CONFI G PROHI BI T = R6;
CONFI G PROHI BIT = T1;
CONFI G PROHIBI T = T6;

Figure 13-5: UCF Location Constraints for FPGA Vgrgg Pins

Special Layout Recommendations

The Xilinx Memory Interface Generator (MIG) tool, version 1.7 and later, generates DDR2
SDRAM interfaces for Spartan-3A and Spartan-3AN FPGAs. The MIG implementation
leverages the FPGA's local clocking resources to capture the DDR2 SDRAM read data.
Consequently, there is a close relationship between the memory data pins (SD_DQ<15:8>,
SD_DQ_<7:0>) and their associated strobe signals. The MIG software automatically
assigns pins based on this requirement and the Spartan-3A /3AN Starter Kit board is
designed accordingly.

The MIG core for Spartan-3A /3AN FPGAs includes a loopback signal to calibrate the read
strobe timing. The loopback signal uses two FPGA pins, labeled SD_LOOP_IN and
SD_LOOP_OUT. For best performance, the length of the loop back trace must be equal to
the clock delay from the FPGA to the memory, plus the strobe delay from the memory back
to the FPGA. Put another way, the loopback trace must be one round trip time to and from
the memory. Also, the loopback signal should be in the center of the data interface pins for
best results, not near the edge or in another FPGA I/0O bank. The Spartan-3A/3AN Starter
Kit board was designed accordingly.

The Xilinx Memory Interface Generator (MIG) User Guide provides additional layout
recommendations in Appendix A: “Memory Implementation Guidelines”.

The board layout has been optimized for reaching frequencies above 133 MHz and

167 MHz. It can actually achieve the DDR400 performance level of 200 MHz or 400 Mbps
per I/O, with an optimized memory interface controller. It is recommended to get the
latest updates of the MIG tool that integrates the latest performance enhancements.

¢ Memory Interface Generator (MIG)
www.xilinx.com/support/download/index.htm
(now included with the CORE Generator™ system)

¢ UGO086: Xilinx Memory Interface Generator (MIG) User Guide
(included with MIG)

¢ XAPP458: Implementing DDR2-400 Memory Interfaces in Spartan-3A FPGAs
www.xilinx.com /support/documentation/application_notes /xapp458.pdf
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Related Resources

Refer to the following links for additional information:
¢ Xilinx Embedded Development Kit (EDK)
www.xilinx.com/ise/embedded_design_prod/platform_studio.htm

e MT47H32M16 (32M x 16) DDR2 SDRAM Data Sheet
download.micron.com/pdf/datasheets/dram/ddr2/512MbDDR2.pdf

¢  Multi-Channel OPB DDR2 Controller Xilinx IP Core
www.xilinx.com/support/documentation/ip_documentation/mch_opb_ddr2.pdf

¢ Memory Interface Generator (MIG), Version 1.7 or later
www.xilinx.com/memory

Spartan-3A/3AN FPGA Starter Kit Board User Guidewww.xilinx.com 113
UG334 (v1.1) June 19, 2008


http://download.micron.com/pdf/datasheets/dram/ddr2/512MbDDR2.pdf
http://www.xilinx.com/ise/embedded_design_prod/platform_studio.htm
http://www.xilinx.com/support/documentation/ip_documentation/mch_opb_ddr2.pdf
http://www.xilinx.com/memory
http://www.xilinx.com

Chapter 13: DDR2 SDRAM &7 XILINX®

114 www.xilinx.comSpartan-3A/3AN FPGA Starter Kit Board User Guide
UG334 (v1.1) June 19, 2008


http://www.xilinx.com

& XILINX®
Chapter 14

10/100 Ethernet Physical Layer Interface

The Spartan®-3A /3AN FPGA Starter Kit board includes a Standard Microsystems
LANS870010/100 Ethernet physical layer (PHY) interface and an RJ-45 connector, as shown
in Figure 14-1. With an Ethernet Media Access Controller (MAC) implemented in the
FPGA, the board can optionally connect to a standard Ethernet network. All timing is
controlled from an on-board 25 MHz crystal oscillator.

RJ-45 Ethernet Connector (J32)
(integrated magnetics)

SMSC LAN8700 10/100 Ethernet PHY

25 MHz Crystal

UG334_c14_01_052407

Figure 14-1: 10/100 Ethernet PHY with RJ-45 Connector
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Ethernet PHY Connections

The FPGA connects to the LAN8700 Ethernet PHY using a standard Media Independent
Interface (MII), as shown in Figure 14-2. A more detailed description of the interface
signals, including the FPGA pin number, appears in Table 14-1.

SMSC LAN8700
10/100 Ethernet PHY

FPGA
E _TXD<3:0>
See Table =
(08) E_TX_EN
(82) E_TXD<4>
(E11) E_TX CLK
E RXD<3:0>
See Table [-—
(H10) E RX DV
(G10) E_RXD<4>
(C12) E_RX_CLK
(H12) E_CRS
(G12) E_COL
(D10) E_MDC
(E10) E_MDIO
(D15) E_NRST

TXDI[3:0]

TX_EN
TXD4/TX_ER/MINIT
TX_CLK
RXD[3:0]

RX_DV
RXD4/RX_ER
RX_CLK
CRS/PHYADA4
COL_MII_CRS-DV
MDC

MDIO

nRST

RJ-45

Connector

(integrated
magnetics)

== 25.000 MHz

UG334_cl14_02_052407

Figure 14-2: FPGA Connects to Ethernet PHY via Ml

Table 14-1: FPGA Connections to the LAN83C185 Ethernet PHY
Signal Name Fﬁf:bzirn Function
E_TXD<4> B2 Transmit Data to the PHY. E_TXD<4> is also the MII
E TXD<3> - Transmit Error.
E_TXD<2> E6
E_TXD<1> E7
E_TXD<0> F8
E_TX_EN D8 Transmit Enable
E_TX_CLK E11l Transmit Clock. 25 MHz in 100Base-TX mode and 2.5 MHz in
10Base-T mode.
E_RXD<4> G10 Receive Data from the PHY
E_RXD<3> H9
E_RXD<2> G9
E_RXD<1> G8
E_RXD<0> G7
116 www.xilinx.comSpartan-3A/3AN FPGA Starter Kit Board User Guide
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MicroBlaze Ethernet IP Cores

Table 14-1: FPGA Connections to the LAN83C185 Ethernet PHY (Continued)

Signal Name FI\ITan?bF:rn Function
E_RX_DV H10 Receive Data Valid
E_RX_CLK C12 Receive Clock. 25 MHz in 100Base-TX mode and 2.5 MHz in
10Base-T mode.
E_CRS H12 Carrier Sense
E_COL GI12 MII Collision Detect
E_MDC D10 Management Clock. Serial management clock.
E_MDIO E10 Management Data Input/Output
E_NRST D15 Active-Low Reset

MicroBlaze Ethernet IP Cores

The Ethernet PHY is primarily intended for use with MicroBlaze applications. As such, an
Ethernet MAC is part of the EDK Platform Studio’s Base System Builder. Both the full
Ethernet MAC and the Lite version are available for evaluation. The Ethernet Lite MAC
controller core uses fewer FPGA resources and is ideal for applications that do not require
support for interrupts, back-to-back data transfers, and statistics counters.

The Ethernet MAC core requires design constraints to meet the required performance.

Refer to the OPB Ethernet MAC data sheet (v1.02) for details. The OPB clock frequency
must be 65 MHz or higher for 100 Mbps Ethernet operations and 6.5 MHz or faster for
10 Mbps Ethernet operations.

The hardware evaluation versions of the Ethernet MAC cores operate for approximately
eight hours in silicon before timing out. To order the full version of the core, visit the Xilinx
website at:

www.xilinx.com /products/ipcenter/OPB_10_100_Lite.htm
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UCF Location Constraints

Figure 14-3 provides the UCF constraints for the 10/100 Ethernet PHY interface, including
the I/O pin assignment and the I/O standard used.

NET "E_COL" LOC = "Gl2" | | OSTANDARD = LVCMOS33 | PULLDOWN ;

NET "E_CRS" LOC = "H12" | | OSTANDARD = LVCMOS33 | PULLDOWN ;

NET "E_MDC LOC = "D10" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRI VE = 8;
NET "E_MDI O LOC = "E10" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8§;
NET "E_NRST" LOC = "D15" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRI VE = 8;
NET "E_RX_CLK" LOC = "Cl12" | | OSTANDARD = LVCMOS33 ;

NET "E_RX_DV' LOC = "H10" | | OSTANDARD = LVCMOS33 ;

NET "E_RXD<0>" LOC = "Gr" | | OSTANDARD = LVCMOS33 | PULLUP ;

NET "E_RXD<1>" LOC = "G8" | | OSTANDARD = LVCMOS33 | PULLUP ;

NET "E_RXD<2>" LOC = "(&" | | OSTANDARD = LVCMOS33 | PULLUP ;

NET "E_RXD<3>" LOC = "H9" | | OSTANDARD = LVCMOS33 | PULLUP ;

NET "E_RXD<4>" LOC = "Gl0" | | OSTANDARD = LVCMOS33 ;

NET "E_TX CLK" LOC = "E11" | | OSTANDARD = LVCMOS33 ;

NET "E_TX_EN' LOC = "D8" | | OSTANDARD = LVCMOS33 | SLEW = FAST | DRI VE = 8;
NET "E_TXD<O>" LOC = "F8" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8;
NET "E_TXD<1>" LOC = "E7" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8§;
NET "E_TXD<2>" LOC = "E6" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8;
NET "E_TXD<3>" LOC = "F7" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8;

NET "E_TXD<4>" LOC = "B2" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 | PULLUP

Figure 14-3: UCF Location Constraints for 10/100 Ethernet PHY Inputs

Related Resources

Refer to the following links for additional information:

Standard Microsystems SMSC LANS8700 10/100 Ethernet PHY
http:/ /www.smsc.com/main/catalog /1an8700.html

Xilinx OPB Ethernet Media Access Controller (EMAC) (v1.04a)
www.xilinx.com/support/documentation/ip_documentation/opb_ethernet.pdf

Xilinx OPB Ethernet Lite Media Access Controller (v1.01a)
The Ethernet Lite MAC controller core uses fewer FPGA resources and is ideal for
applications the do not require support for interrupts, back-to-back data transfers, and

statistics counters.
www.xilinx.com/support/documentation/ip_documentation/opb_ethernetlite.pdf

EDK Documentation
http:/ /www.xilinx.com /ise/embedded /edk_docs.htm
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& XILINX®
Chapter 15

Expansion Connectors

The Spartan®-3A /3AN FPGA Starter Kit board provides a variety of expansion connectors
for easy interface flexibility to other off-board components. The board includes the I/O

expansion headers shown in Figure 15-1.
e A Hirose 100-pin edge connector with 43 associated FPGA user-1/0 pins

e Two stake pin headers, each that supports up to five differential data channels plus a
differential clock or 12 single-ended I/0O signals.

¢ Two six-pin Peripheral Module connections, plus mounting holes for a third module.

¢ Landing pads for an Agilent or Tektronix connectorless probe

) il TR

Differential “Receive” Header, J2

6 differential pairs, high-performance
Optionally, 12 single-ended I/O

Hirose 100-pin FX2 Connector, J17
43 1/0 connections, high-performance

Connectorless Probe Landing Pads
For logic analyzer or oscilloscope

Differential “Transmit” Header, J15
6 differential pairs, high-performance
Optionally, 12 single-ended /O

s r ] 6-pin Accessory Header, J19
. . Mounting holes only

I “6-pin Accessory Header, J20
6-pin Accessory Header, J18

UG334_c15_01_052407

Figure 15-1: Expansion Headers
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Hirose 100-Pin FX2 Edge Connector (J17)

A 100-pin edge connector is located along the right edge of the board. This connector is a
Hirose FX2-100P-1.27DS header with 1.27 mm pitch. Throughout the documentation, this
connector is called the FX2 connector.

As shown in Figure 15-2, 43 FPGA 1/0 pins interface to the FX2 connector.

Hirose 100-pin Expansion

FPGA Connector (J17)
FX2_ 10<40:1>
(See Table) = = »| (See Table)
(M22) FX2 CLKIN (B.46)
(L22) FX2 CLKOUT (A47)
(L21) FX2 CLKIO (B.48)
VCCO_012 (3.3V) —=
5.0V —»
GND —

UG334_c15_02_052407

Figure 15-2: FPGA Connections to the Hirose 100-Pin Edge Connector

Three signals are reserved primarily as clock signals between the board and FX2 connector,
although all three connect to full I/O pins.

Expansion Connector Compatibility

For the majority of applications, the FX2 connector on the Spartan-3A /3AN Starter Kit
board is compatible with the other Xilinx development boards. The Spartan-3E Starter Kit
board and XC3S1600E Starter Kit board optionally provide limited differential I/O
capability on the FX2 connector. The Spartan-3A /3AN Starter Kit board provides
enhanced differential I/O support using the “Differential I/O Connectors,” page 124.

e Spartan-3E Starter Kit board
www.xilinx.com/s3estarter

e XC3S1600E MicroBlaze Embedded Development Board
www.xilinx.com/sp3el1600e

Furthermore, the Spartan-3A /3AN Starter Kit board supports the other “FX2-Connector
Compatible Boards,” page 122.

Voltage Supplies to the Connector

The Spartan-3A /3AN Starter Kit board provides power to the Hirose 100-pin FX connector
and any attached board via two supplies (see Figure 15-2). The 5.0V supply provides a
voltage source for any 5V logic on the attached board or alternately provides power to any
voltage regulators on the attached board.
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Hirose 100-Pin FX2 Edge Connector (J17)

A separate supply provides the same voltage as that applied to the FPGA’s I/O Banks 0, 1,
and 2 called VCCO_012. This supply is 3.3V by default. All FPGA I/Os that interface to the
Hirose connector are in Bank 0 or Bank 1.

For improved signal integrity, a majority of pins on the B side of the FX2 connector are tied
to GND.

Connector Pinout and FPGA Connections

Table 15-1 shows the pinout for the Hirose 100-pin FX2 connector and the associated FPGA
pin connections. The FX2 connect has two rows of connectors, both with 50 connections
each, shown in the table using light yellow shading.

The pin assignment for the connector is identical to that used on the Spartan-3E Starter Kit
board, although the Spartan-3E board pinout includes a few input-only pins. The Spartan-
3A/3AN Starter Kit board pin assignment uses only full I/O pins and are backwards
compatible with the Spartan-3E Starter Kit board.

‘Table 15-1: Hirose 100-Pin FX2 Connector Pinout and FPGA Connections (J17)

Shared| FX2 Connector
B FPGA
Signal Name FPGA Pin J34 A (top) | (bottom) Pin Signal Name
Supply to FPGA  IRYeeeNIP) 1 1 SHIELD
1/O Banks0, 1, 2 2 2 GND
TMS_B 3 3 TDO_XC2C
JTSEL 4 4 TCK_B

TDO_FX2 5 5

FX2_101 Al13 L 4 6 6

FX2_102 B13 * 7 7

FX2_103 Al4 L 4 8 8

FX2_104 B15 L 4 9 9

FX2_105 Al5 L 4 10 10
FX2_106 Alé6 * 11 11
FX2_107 Al7 L 4 12 12
FX2_108 B17 L 4 13 13
FX2_109 A18 * 14 14
FX2_1010 C18 L 4 15 15
FX2_I011 A19 L 4 16 16
FX2_1012 B19 * 17 17
FX2_1013 A20 L 4 18 18
FX2_1014 B20 L 4 19 19
FX2_1015 C19 L 4 20 20
FX2_1016 D19 L 4 21 21
FX2_1017 D18 * 22 22
FX2_1018 E17 L 4 23 23
FX2_1019 D20 24 24
FX2_1020 D21 25 25
FX2_1021 D22 26 26
FX2_1022 E22 27 27
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Table 15-1: Hirose 100-Pin FX2 Connector Pinout and FPGA Connections (J17)

Shared FX2 Connector

B FPGA
Signal Name FPGA Pin J34 A (top) | (bottom) Signal Name

FX2_1023 F18 28 28 GND (€I\)D)

FX2_1024 F19 29 29 (€1\)D) (€\)D)

FX2_1025 F20 30 30 GND GND

FX2_1026 E20 31 31 GND (€I\)D)

FX2_1027 G20 32 32 (€1\)D) (€\)D)

FX2_1028 G19 33 33 GND GND

FX2_1029 H19 34 34 GND (€I\)D)

FX2_1030 J18 35 35 (€1\)D) (€\)D)

FX2_1031 K18 36 36 GND GND

FX2_1032 K17 37 37 GND (€I\)D)

FX2_1033 K19 38 38 (€1\)D) (€\)D)

FX2_1034 K20 39 39 GND GND

FX2_1035 L19 40 40 GND (€I\)D)

FX2_1036 L18 41 41 (©\)D) (€\)D)

FX2_1037 M20 42 42 GND GND

FX2_1038 M18 43 43 GND GND

FX2_1039 L20 44 44 (©\)D) (€\)D)

FX2_CLKOUT L22 47 47

FX2_1040 P20 45 45 GND GND

GND GND 46 46 FX2_CLKIN

(©\)D) (€\)D)

GND GND 48 48 FX2_CLKIO
49 49
50 50 SHIELD

FX2-Connector Compatible Boards

The following boards are compatible with the FX2 connector on the starter kit board.

Digilent FX2 Wirewrap Board (FX2ZWW) from Digilent, Inc.
http:/ /www.digilentinc.com /Products/Detail.cfm?Prod=FX2WW

Digilent FX2 Breadboard (FX2BB) from Digilent, Inc.
http:/ /www.digilentinc.com /Products/Detail.cfm?Prod=FX2BB

Video Decoder Board (VDEC1) from Digilent, Inc.
http:/ /www.digilentinc.com /Products /Detail.cfm?Prod=VDEC1

Mating Receptacle Connectors

The Spartan-3A /3AN Starter Kit board uses a Hirose FX2-100P-1.27DS header connector.
The header mates with any compatible 100-pin receptacle connector, including board-
mounted and non-locking cable connectors.

Hirose connectors
http:/ /www.hirose-connectors.com/

FX2 Series Connector Data Sheet
http:/ /www.hirose.co.jp/cataloge _hp/e57220088.pdf
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ST XILINX® Hirose 100-Pin FX2 Edge Connector (J17)

UCF Location Constraints

Figure 15-3 provides the UCF constraints for the FX2 connector, including the I/O pin
assignment and the I/O standard used, assuming that all connections use single-ended

I/0 standards.

# ==== FX2 Connector (FX2) ====

NET "FX2_CLKIN' LOC = "M22" | | OSTANDARD = LVCMOS33 ;

NET "FX2_CLKIO' LOC = "L21" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET " FX2_CLKOUT" LOC = "L22" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<1>" LOC = "Al13" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<2>" LOC = "B13" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_l O<3>" LOC = "Al14" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_I O<4>" LOC = "B15" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<5>" LOC = "A15" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_I O<6>" LOC = "Al6" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<7>" LOC = "Al7" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_| O<8>" LOC = "B17" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_| 0<9>" LOC = "Al18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_| 0<10>" LOC = "C18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_I O<11>" LOC = "A19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<12>" LOC = "B19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<13>" LOC = "A20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<14>" LOC = "B20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<15>" LOC = "C19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<16>" LOC = "D19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<17>" LOC = "D18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_] 0O<18>" LOC = "E17" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_I O<19>" LOC = "D20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<20>" LOC = "D21" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<21>" LOC = "D22" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I 0<22>" LOC = "E22" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I 0<23>" LOC = "F18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<24>" LOC = "F19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_] O<25>" LOC = "F20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_1 0<26>" LOC = "E20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_1 O<27>" LOC = "@&0" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_1 0<28>" LOC = "Gl9" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;
NET "FX2_I 0<29>" LOC = "H19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<30>" LOC = "J18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<31>" LOC = "K18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I 0<32>" LOC = "K17" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<33>" LOC = "K19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<34>" LOC = "K20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<35>" LOC = "L19" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_]1 0<36>" LOC = "L18" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_1 O<37>" LOC = "M20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_10<38>" LOC = "ML8" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_I O<39>" LOC = "L20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRI VE = 8 ;
NET "FX2_| 0<40>" LOC = "P20" | | OSTANDARD = LVCMOS33 | SLEW= FAST | DRIVE = 8 ;

Figure 15-3: UCF Location Constraints for 100-Pin Hirose FX2 Connector
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Differential I/0O Connectors

The Spartan-3A /3AN Starter Kit board includes stake pin headers with excellent signal
integrity and matched impedance traces to demonstrate high-performance differential
1/0. Each differential pair supports approximately 600 Mbits per second (Mbps) data
rates. All I/O pairs support differential input termination (DIFF_TERM) as described in
the Spartan-3A and Spartan-3AN data sheets.

The board is primarily designed to support loopback operations using a standard 34-pin
socket-to-socket cable.

The two differential I/ O headers, shown in Figure 15-1, page 119, consist of a 2x17 array of
stake pins arrange on 0.1-inch centers. The headers are not keyed. Ground pins are
interspersed with the signal pins for improved signal integrity over any attached cable.
Power is also supplied, via the nominally 3.3V rail, labeled VCCO_012. The power
connectors are for potential daughter cards that plug into the connector.

The J15 connector is primarily designed to transmit output data while the J2 connector is
primarily designed to receive input data. However, both headers are equally good at
transmitting differential data. The “Receive” header does have special provisions for
capturing the receive clock input.

The pin assignment for the ]2 “Receive” connector appears in Table 15-2 and in Table 15-4.
The FPGA ball assignment is listed in parentheses.

Table 15-2: Receive” Header (J2)
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

(A11)

RX
RXP_0 RXP_1 RXP_2 RXP_3 RXP_4 -
GND GND [l GND [RAER GND Rl 3.3V 3.3V 3.3v Rl GND il GND CREg GND GND

RX
RXN_0O RXN_1 RXN_2 RXN_3 RXN_4 -
GND GND [l GND [l GND Bibal 3.3V 3.3V 3.3V el GND Bhsinall GND Xl GND  GND

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

The pin assignment for the J15 “Transmit” connector appears in Table 15-3 and in
Table 15-4. The FPGA ball assignment is listed in parentheses.

Table 15-3: Transmit” Header (J15)
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

X
TXN_O TXN_1 TXN_2 TXN_3 TXN_4 =
GND GND [iyeldl GND [iNvill GND NRGl 3.3V 3.3V 3.3V ikl GND [Nl GND Bl GND  GND

(AB10)
X
TXP_O TXP_1 TXP_2 TXP_3 TXP_4 =
GND GND [ipwe GND Wl GND WGl 33V 3.3V 3.3V SR GND el GND BV GND GND

9 11 13 15 17 19 21 23 25 27 29 31 33
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Table 15-4 provides further detail on the pin assignment, including the differential pair
association, the FPGA ball assignment, and the connecting header pin.

Table 15-4: Differential I/O Connections and Header Connections

Differential Pair Signal Name FPGA Ball | FPGA Pin Name | Signal Direction Header.Pin
“Receive” Header, J2 (Top Header)
RXN_<0> B4 IO_L3IN_O0 1/0 J2.6
RX_<0>
RXP_<0> A4 I0_L31P_0 1/0 J2.5
RXN_<1> A5 IO_L28N_0 I/0 J2.10
RX <1>
RXP_<1> B6 I10_1.28P_0 170 J29
RXN_<2> A6 I0_L26N_0 1/0 J2.14
RX_<2>
RXP_<2> A7 10_126P_0 1/0 J2.13
RXN_<3> A8 I0_L22N_0 1/0 J2.22
RX_<3>
RXP_<3> A9 I0_L22P_0 I/0 J2.21
RXN_<4> C10 I0_L2IN_0 1/0 J2.26
RX_<4>
RXP_<4> A10 I0_L21P_0 1/0 J2.25
IO_L18N_0
RX_CLK_N All GLK7 I/0 J2.30
RXCLK I0_L18P_0
RX_CLK_P Al12 GCLKS 1/0 J2.29
“Transmit” Header J15 (Bottom Header)
TXN_<0> AA3 I0_L0O3N_2 I/0 J1..6
TX_<0>
TXP_<0> AB2 I0_L03P_2 1I/0 J1.5
TXN_<1> AA4 I0_L04N_2 1/0 J1.10
X <1>
TXP_<1> AB3 10_L04P_2 1/0 J1.9
TXN_<2> AB6 IO_LO8N_2 I/0 J1.14
X <2>
TXP_<2> AA6 10_L08P_2 I/0 J1.13
TXN_<3> AB7 IO_L10N_2 1/0 J1.22
TX_<3>
TXP_<3> Y7 10_L10P_2 1/0 J1.21
TXN_<4> ABS8 I0O_L12N_2 1/0 J1.26
TX <4>
TXP_<4> AAS I0_L12P_2 1I/0 J1.25
TX_CLK_N AB10 IO_L15N_2 I/0 J1.30
TX_CLK
TX_CLK_P AA10 I0_L15P_2 I/0 J1.29

Using Differential Inputs

LVDS and RSDS differential inputs require input termination. Two options are generally
available. The first option is to use external termination resistors, as shown in Figure 15-4a.
External input termination resistors are not provided on the differential I/O pins.

The second option, called on-chip differential termination, is highlighted on the Spartan-
3A/3AN Starter Kit board (see Figure 15-4b). This feature uses the DIFF_TERM attribute
available on differential I/O signals. Each differential I/O pin includes a circuit that
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behaves like an internal termination resistor of approximately 100€2. On-chip differential
termination is only available on full I/O pairs, not on Input-only pairs.

Differential inputs are powered by the Vccaux supply, which is 3.3V by default.
Differential inputs are available in any I/O bank.

Pads for 100Q Differential termination
f surface-mount resistor r (~100Q)
PAD IBUFD? or PAD IBUFDS or
LxxP_0 @ N SUF” JS LxxP_ 0 BUFGDS
_~— Signal Signal
LxxN_0O XE LxxN_0O

a) External 100Q termination resistor b) On-chip differential input termination
(not provided on the Starter Kit)

UG334_c15_04_052407

Figure 15-4: Differential Input Termination Options

Using Differential Outputs

Differential inputs are supported within any I/O bank. However, with Spartan-3A and
Spartan-3AN FPGAs, differential outputs are only supported on I/O Bank 0 or 2.
Differential outputs are powered by the respective I/ O bank output voltage, V-co. On the
Spartan-3A /3AN Starter Kit board, I/O Banks 0, 1, and 2 are all powered by a 3.3V supply.

PAD
OBUFDS & LxxP 2
Signal 4‘) {X} LxxN_ 2

UG330_c12_06_072706

Figure 15-5: Differential Outputs

Differential Trace Layout Considerations

Figure 15-6 shows board layout extracted from the Starter Kit board that highlights the
differential I/O signal traces. These traces were routed for optimal signal integrity.

o All differential pairs are routed with matched 1002 impedance on the top board layer
for maximum performance.

e The traces were routed to avoid via where possible.

e  The trace lengths for differential pairs routed to a specific header (either the “Receive”
or “Transmit” header) were matched to within 0.25 inches.

e The differential signals connections on the FPGA use the outer two ball rings to avoid
breakout congestion.

o The “Receive” differential clock pair, highlighted in blue in Figure 15-6, connects to a
differential global clock input pair, GCLK7 and GCLKS. Using these global clock
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inputs, the differential input is converted to a single-ended clock signal within the
FPGA. This clock input then feeds the upper-right DCM, labeled as DCM_X2Y3.

If using for differential inputs, set the DIFF_TERM=TRUE constraint.
There are no external termination resistors provided on the board.

“Receive” Header (J2)

2 e00000000 34
1 J, f. XXX (0] f 33
All traces routed with 100Q matched impedance.
All “receive” pairs routed with matched trace lengths
within 0.25 inches.
Receive clock pair connects to global clock inputs
GCLK?7 and GCLKS8 that feed the top-right DCM
labeled DCM_X2Y3.
Bank O FPGA
spldlob L i
F
R RN Nz"#ﬂ}:‘
PR
000 LAANIN I RN
YL L AN
’$$$$’$”$$(f“$—"-:‘-:§'-:'-:§
AR /4‘% A2 SNANNS
AR
Bank 2
All traces routed with 100Q2 matched impedance.
All “transmit” pairs routed with matched trace lengths
within 0.25 inches.
e [. \.ol.oooL‘ L‘ol,oo 34
I Hoevov0e00000000000 33
“Transmit” Header (J15) UGS30_c12 15 012407
Figure 15-6: Differential 1/O Layout
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34-Conductor Cable Assemblies (2x17)

The J2 and J15 headers were designed specifically to connect to 34-conductor flat ribbon
cable assemblies that use a 2x17, 0.1-inch form factor.

Table 15-5: Example 34-Conductor Cable Assemblies

- Distributor
Distributor Manufacturer Part Number Type Length
3M M3AAK-3420K-ND Fla.t rlbbon'ce.able, multi-color, twisted 50.8.0 cm
pair, gold finish (20 inch)

L. C3AAG-3406G-ND | Flat ribbon cable, gray, gold finish

Digi-Key CW Industries gy 8 1524 ilm
www.digikey.com C3AAG-3406M-ND | Flat ribbon cable, multi-color, gold finish (6 inch)
) C3AAG-3418G-ND | Flat ribbon cable, gray, gold finish 45.72 cm
CW Industries inch
C3AAG-3418M-ND | Flat ribbon cable, multi-color, gold finish (18 inch)

UCF Location Constraints

Figure 15-7 provides the User Constraint File (UCF) constraints for the “Receive” and
“Transmit” headers, including the I/O pin assignment and the I/O standard used.

# Hi
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

# Hi
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET
NET

gh- Speed LVDS “Recei ve”

"RX_CLK_N' LOC = "A11"
"RX_CLK_P" LOC = "A12"
"RX_N<O>" LOC = "B4"
"RX_P<0>" LOC = "A4"
"RX_N<1>"  LOC = "A5"
"RX_P<1>" LOC = "B6"
"RX_N<2>" LOC = "A6"
"RX_P<2>" LOC = "A7"
"RX_N<3>"  LOC = "A8"
"RX_P<3>" LOC = "A9"
"RX_N<4>"  LOC = "CLO"
"RX_P<4>" LOC = "AlL0"

gh- Speed LVDS “Transmit

"TX_CLK_N'" LOC = "AB10"
"TX_CLK_P" LOC = "AA10"
"TX_N<O>" LOC = "AA3"
"TX_P<0>" LOC = "AB2"
"TX_N<1>" LOC = "AA4"
"TX_P<1>" LOC = "AB3"
"TX_N<2>" LOC = "AB6"
"TX_P<2>" LOC = "AAG"
"TX_N<3>" LOC = "AB7"
"TX_P<3>" LOC = "Y7"

"TX_N<4>" LOC = "AB8"
"TX_P<4>" LOC = "AA8"

Connect or (RX)
| OSTANDARD = LVDS_33 ;

| =
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
" Connector (TX)
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;
| 1 OSTANDARD = LVDS 33 ;

Figure 15-7: UCF Location Constraints for “Receive” and “Transmit” Headers
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Six-Pin Accessory Headers

The six-pin accessory headers provide easy I/O interface expansion using the various
Digilent Peripheral Modules.

J18 Header

The ]J18 header, shown in Figure 15-8, is located in the bottom right corner of the board,
along the right edge, adjacent to the BTN_EAST push button. It uses a female six-pin 90°
socket. Four FPGA pins connect to the J18 header, J18_IO<4:1>. The board supplies 3.3V to
the accessory board mounted in the J18 socket on the bottom pin.

FPGA J18
(AR 218101

J18 102

(AB21)

(AA19)|« 218103

J18_104

(AB19)

GND —

=T Tl

3.3V —

UG334_c15_08_052407

Figure 15-8: FPGA Connections to the J18 Accessory Header

J19 Header

The J19 header, shown in Figure 15-9, is left unpopulated on the board. Four FPGA pins
connect to the J19 header, J19_I0<4:1>. The board supplies 3.3V to the accessory board
mounted in the J19 socket on the bottom pin.

FPGA J19
(v1g)l 2o o

J19 102

(W18)

(V17)
(W17l J19 104

J19 103

GND —
3.3V —

T Taalnn

These pins connect to unpopulated mounting holes.
UG334_c15_09_052407

Figure 15-9: FPGA Connections to the J19 Accessory Header
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J20 Header

The ]J20 header, shown in Figure 15-10, is the top-most six-pin connector along the right
edge of the board. It uses a female six-pin 90° socket. Four FPGA pins connect to the J20
header, J20_I0<4:1>. The board supplies 3.3V to the accessory board mounted in the J20
socket on the bottom pin.

FPGA J20
(Vi1 10L ]
(vi5)[- 220102 { 7]
(wie-220103.] ]
(vi6)[- 220104 { ]

ano—{ [l
33v— |l

UG334_c15_10_052407

Figure 15-10: FPGA Connections to the J20 Accessory Header

Digilent Peripheral Modules

Digilent Peripheral Modules (PMODs) are small I/O interface boards that offer an ideal
way to extend the capabilities of programmable logic and embedded control boards. They
allow sensitive signal conditioning circuits and high-power drive circuits to be placed
where they are most effective - near sensors and actuators. PMODs communicate with
system boards using six-wire cables that can carry up to four digital control signals,
including SPI and other serial protocols. PMODs allow more effective design partitions by
routing analog signals and power supplies only where they are needed and away from
digital controller boards.

¢ Digilent, Inc. Peripheral Modules
http:/ /www.digilentinc.com /Products/Catalog.cfm?Cat=Peripheral
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UCF Location Constraints

Figure 15-11 provides the User Constraint File (UCF) constraints for the accessory headers,
including the I/O pin assignment and the I/O standard used.

# ==== 6-pin header J18 ====

NET "J18_| O<1>" LOC = "AA21" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRI VE = 8 ;
NET "J18_| O<2>" LOC = "AB21" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRI VE = 8 ;
NET "J18_10O<3>" LOC = "AA19" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRI VE = 8 ;
NET "J18_10<4>" LOC = "AB19" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRI VE = 8 ;
# ==== 6-pin header J19 ====

# These four connections go to through-hol e pads, not to a connector.

NET "J19_ | O<1>" LOC = "VY18" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
NET "J19_|0O<2>" LOC = "WL8" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
NET "J19_I10O<3>" LOC = "V17" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
NET "J19 | 0O<4>" LOC = "WL7" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
# ==== 6-pi n header J20 ====

NET "J20_I O<1>" LOC = "V14" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
NET "J20_| O<2>" LOC = "V15" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
NET "J20_| O<3>" LOC = "WL6" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;
NET "J20_| O<4>" LOC = "V16" | | OSTANDARD = LVCMOS33 | SLEW= SLOW | DRIVE = 8 ;

Figure 15-11: UCF Location Constraints for Six-Pin Accessory Headers

Connectorless Debugging Port Landing Pads (J34)

Landing pads for a connectorless debugging port are provided as the ]34 header. There is
no physical connector on the board. Instead a connectorless probe, such as those available
from Agilent, provides an interface to a logic analyzer. This debugging port is intended
primarily for the Xilinx ChipScope Pro software with the Agilent FPGA Dynamic Probe. It
can, however, be used with either the Agilent or Tektronix probes, without the ChipScope
software, using FPGA Editor’s probe command.

¢ Xilinx ChipScope Pro Tool
www.xilinx.com/ise/optional_prod/cspro.htm

o Agilent B4655A FPGA Dynamic Probe for Logic Analyzer
www.home.agilent.com/agilent/redirector.jspx?action=ref&cname=PRODUCT
&ckey=351182&lc=eng&cc=US

o Agilent 5404A/6A Pro Series Soft Touch Connector
http:/ /www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng
&pageMode=0V &pid=430362&ct=PRODUCT &id=430362

e Tektronix P69xx Probe Modules with D-Max Technology
www.tek.com/products/accessories/logic_analyzers/p6800_p6900.html
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Table 15-6 provides the connector pinout. Only 18 FPGA pins attach to the connector; the
remaining connector pads are unconnected. All 18 FPGA pins are shared with the FX2
connector (J17). See Table 15-1, page 121 for more information on how these pins are

shared.

Table 15-6: Connectorless Debugging Port Landing Pads (J34)

Connectorless

Signal Name FPGA Pin Landing Pads FPGA Pin | Signal Name
FX2_I01 Al3 Al B1 (€\1D) (€\1D)
FX2_102 B13 A2 B2 Al4 FX2_103

GND GND | A3 B3 B15 FX2_104
FX2_105 Al5 A4 B4 | (€\1D) GND
FX2_106 Al6 A5 B5 A17 EX2_107

(€\1D) (€\1D) | A6 B6 B17 FX2_108
FX2_109 Al8 A7 B7 | (€\1D) GND
FEX2_1010 C18 A8 B8 A19 EX2_1011

GND GND | A9 B9 B19 FX2_1012
FX2_1013 A20 A10 B10 | (@\D) (€\1D)
FX2_1014 B20 All B11 C19 FX2_1015

(€\1D) (€\1D) | Al12 B12 D19 FX2_1016
EX2_1017 D18 Al13 B13 | (€\1D) (€\1D)
FX2_1018 E17 Al4 B14

Al5 B15
Al6 B16
Al7 B17
Al18 B18
A19 B19
A20 B20
A21 B21
A22 B22
A23 B23
A24 B24
A25 B25
A26 B26
A27 B27
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Chapter 16

Miniature Stereo Audio Jack

The Spartan®-3A /3AN FPGA Starter Kit board includes a miniature stereo audio jack
plug, as highlighted in Figure 16-1. The jack plug is located in the upper right corner of the
board, immediately above the SUSPEND slide switch.

Stereo audio
miniature jack
(1/8”, 3.5 mm)

Connect headphones
or amplified speakers

3.3V digital outputs

UG334_c16_01_052407

Figure 16-1: Stereo Miniature Jack

Supported Audio Devices

The port provides simple audio tones to an attached set of headphones or to amplified
speakers. The audio device must use a 1/8th-inch or 3.5 mm audio jack, as shown in
Figure 16-2. A stereo connector is highly recommended. The FPGA signal definition
appears in Table 16-1.

A monophonic connector will function, but with the following limitations. Only drive
signals on the AUD_L signal. Drive the AUD_R output to high-impedance (Hi-Z, three-
state) so that it does not compete with the AUD_L channel.

Spartan-3A/3AN FPGA Starter Kit Board User Guidewww.xilinx.com 133
UG334 (v1.1) June 19, 2008


http://www.xilinx.com

Chapter 16: Miniature Stereo Audio Jack XX"JNX@

1/8” 1/4”
(3.5mm) (6.3 mm)

MonoPhonic Stereophonic
(one insulator band) (two insulator bands)
(left channel only) UG330_c16_02_021507

Figure 16-2: Examples of Miniature Stereo Jacks

FPGA Connections

The FPGA drives a 3.3V digital signal to each side of the audio jack, as indicated in
Table 16-1. A monophonic connector only uses the left-side channel

Table 16-1: Digital Outputs to Stereo Minijack

Signal Name FPGA Pins Stereo Jack Mono Jack
AUD_L Y10 Left-side audio Audio channel
AUD_R V10 Right-side audio Drive to Hi-Z

UCF Location Constraints

Figure 16-3 provides the UCF constraints for the audio connector.

# Controls VCCAUX supply rail (I1C19)
NET "AUD L" LOC = "Y10" | | OSTANDARD
NET "AUD R' LOC = "V10" | | OSTANDARD

LVCMOS33 | DRI VE
LVCMOS33 | DRI VE

Figure 16-3: UCF Constraints for Audio Connector

Related Resources

The demonstration design shipped with the board includes an audio example.

e Spartan-3A/3AN Starter Kit Demo Design Overview
www.xilinx.com/products/boards/s3astarter /reference_designs.htm#demo

¢ Restoring the “Out of the Box” Flash Programming
www.xilinx.com /products/boards/s3astarter/reference_designs.htm#out
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Chapter 17

Voltage Supplies

The voltage supplies are located in the upper left corner of the board, as shown in
Figure 17-1.

AC wall adapter connector (5V DC)

Power control

switeh Power-on status LED
a4
iz
o)
o
LP3906 REG2_SCL
(IC18) © —
Supply to FPGA © REG2_SDA
I/O Bank 3,
DDR2 SDRAM Supply to FPGA

-41/ core (VCCAUX)
J
e © REGI1_SCL
IC19
(c19 © REGL SDA

JO

-1\ Supply to FPGA

core (VCCINT)

UG330_cx_01_021507

Supply to FPGA
/O BanksO0, 1,2

Figure 17-1: Spartan-3A/3AN Starter Kit Board Voltage Supplies

The Spartan®-3A /3AN FPGA Starter Kit board requires a 5.0V DC voltage input, typically
supplied by the AC wall adapter included with the kit. However, there is also a provision
to connect the board directly to a 5.0V DC supply using through-hole mounting solder
pads.

The AC wall adapter must be a regulated 5.0V DC supply, as supplied with the kit. Some
components and interfaces on the board, such as the LCD character display and the PS/2
port are powered directly from the 5.0V supply rail.

Caution! Connect either the AC wall adapter OR use the through-hole mounting pads, but not
both.

The 5.0V input voltage is then converted to the other supply voltages required by the
board components, as summarized in Table 17-1. All non-5V voltages are supplied by two
space-efficient and cost-effective National Semiconductor LP3906 Quad-Output voltage
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regulators. Each regulator incorporates two high-current switching (buck) regulators and
two low-drop out (LDO) linear regulators.

Table 17-1: Voltage Regulators and Supply Rails

\oltage Regulator Series
9 9 Voltage Level Jumper Components Supplied
Regulator Output
Control
SW1 12V J9 FPGA internal core voltage,
Veent
National FPGA I/O Banks 0, 1, and 2
nationa (VCCO_0, VCCO_1, and
Semlconductor SW2 3.3V ]10 VCCO_Z) All 3.3V
LP3906 components.
ac19) FPGA i 1 ili
LDO1 33V 1 internal auxiliary
voltage, Vecaux
LDO2 1.8V J12 Embedded USB programmer
SW1 0.9V J40 DDR2 SDRAM termination
network
) DDR2 SDRAM component,
National Sw2 18V 13| EpGA 1/0 Bank 3 (VCCO_3)
Semiconductor
LP3906 LDO1 33V Ja1 Voltage reference to D/A
(IC18) converter channels C and D.
1.8V DDR2 SDRAM voltage
LDO2 (voltage divided J42 reference, FPGA I/O Bank 3
to 0.9V) VREEF inputs (VREF_3)

The board exploits all four regulator outputs for testing and evaluation purposes.
However, a typical Spartan-3A /3AN FPGA application uses far fewer rails.

e The board uses a separate supply for Vccayux and sets it to 3.3V by default. In a
typical application, the FPGA’s Vcapux supply could connect directly to the 3.3V
supply used for FPGA 1I/0O Banks 0, 1, and 2.

¢ By default, the Vcapyx supply is set to 3.3V

¢ Using the I2C interface on regulator IC19, Vcaux can be reduced to 2.5V to
reduce overall power consumption or to verify operation with Vecayx =2.5V.

e The DDR2 SDRAM interface uses multiple regulator outputs to test voltage
margining.

¢ One high-current 1.8V rail supports the DDR2 SDRAM component itself, and
supplies the FPGA’s I/O Bank 3, which connects to the DDR2 SDRAM.

¢ One high-current 0.9V supplies the DDR2 SDRAM termination network.

¢ Alow-current 1.8V supply is voltage divided with resistors to provide a high-
accuracy 0.9V voltage reference for the DDR2 SDRAM component and to supply
the VREF inputs on FPGA I/0 Bank 3.

¢ See Chapter 13, “DDR2 SDRAM” for additional information.
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Measuring Power Across Voltage Supply Jumpers

All regulator output supplies have an associated series jumper, as indicated in Table 17-1
and shown in Figure 17-1. This allows for simple and easy current monitoring using just a
multimeter.

For example, to measure the Suspend mode current on the FPGA’s Vccaux 0 VecnT
supplies, follow these steps.

Caution! The Suspend feature must first be enabled in the actual FPGA application. All the
example designs initially shipped with the board have the Suspend feature enabled.

¢ Disconnect power to the board.

¢ Remove the series jumper associated with the supply to be measured, shown in
Table 17-2. Locate jumper indicated in Figure 17-1.

Table 17-2: FPGA Supply Rails and Associated Voltage Supply Jumper

Associated Voltage
FPGA Supply Rail Supply Jumper Default Voltage
Vet 19 1.2v
Vecaux J1 3.3V

e Connect a digital multimeter across the jumper, as highlighted in Figure 17-2. If the
resulting current is negative, simply reverse the connections to the jumpers.

VCCINT (1.2V)
Measured Current Set Current Range (Jumper J9)
(mA) (200 mA DC) VCCAUX (3.3V)
(Jumper J11)

' UG330_c17_02_032207
Figure 17-2: Measuring Current (Power) Using a Multimeter
e  Set the meter to measure DC Amperes. Initially set the meter to the Ampere range. If

appropriate, switch to a lower range (for example, 200 mA) after initially measuring
current in the Ampere range.
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Caution! If the meter offers various current ranges, always start with the largest range first.
Passing too large a current through a meter may damage it.

Reapply power to the board.
Record the current measurements across the jumper.

If the FPGA design supports the power-saving Suspend mode, measure the current
with the SUSPEND switch (see “SUSPEND Switch,” page 26) set in both the “RUN”"
and “SUSPEND” positions. The default FPGA application shipped with the Starter
Kit board does use the Suspend mode. For additional information on the Suspend
mode, see the “Power Management Solutions” chapter in UG331: Spartan-3 Generation
FPGA User Guide.

Convert the current measurement (Amperes or mA) to a power measurement (Watts
or mW), by multiplying the measured result by the supply voltage.

12C Voltage Adjustment Interface

Each LP3906 regulator has an two-wire, I2C serial interface that optionally controls various
functions, such as the regulator output voltage. As indicated in Table 17-3, the I2C interface
can be controlled by the FPGA application using the I/O pins indicated or by some

external controller using the through-hole mounting pads provided on the board, shown

in Figure 17-1.

Table 17-3: 12C Voltage Adjustment Interface to Regulator

Regulator 12C Control Input FPGA Connection Through-HoIe
Connection
REG2_SCL
SCL (D11) REG2-SCL
IC18
REG2_SDA
SDA (F13) REG2-SDA
REG1_SCL
SCL (E13) REG1-SCL
IC19
REG1_SDA
SDA (D13) REGI1-SDA

Possible Applications

For experimentation purposes only, Xilinx only recommends adjusting the two supplies

listed below:

e By default, the Vcaux supply to the FPGA is set to 3.3V, as required for Spartan-3AN
FPGAs. On Spartan-3A FPGAs, Vcaux can be either 2.5V or 3.3V, with potentially
lower power consumption at 2.5V. Consequently, Vcayx can be reduced to 2.5V by
adjusting the LDO1 output on the LP3906 regulator designated IC19. The

corresponding I2C control signals are REG1_SCL and REG1_SDA.

e By default, the reference voltage to Channels C and D on the D/ A converter is 3.3V.
However, this voltage can be adjusted to between 1.0V and 3.3V by controlling the
LDO1 output on IC18. The corresponding I>C control signals are REG2_SCL and
REG2_SDA. See Chapter 10, “Digital-to-Analog Converter (DAC)” for additional

information.
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Restoring Default Voltages

Any voltage adjustments are temporary and apply only as long as the 5.0V supply is
connected. To restore the original regulator output voltages, remove and then reconnect
the 5.0V supply input.

Caution! Simply toggling the power switch will not restore the original regulator output voltage!
Remove and reconnect the external 5.0V supply input.

UCF Location Constraints

Figure 17-3 provides the UCF constraints for the I2C control signals to the regulators.

# Controls VCCAUX supply rail (I1C19)
NET "REGL_SCL" LOC = "E13" | | OSTANDARD
NET "REGL_SDA" LOC = "D13" | | OSTANDARD

LVCMOS33 | DRI VE
LVCMOSs33 | DRI VE

8 | SLEW= SLOW;
8 | SLEW= SLOW;

# Control D/A Converter reference voltage for Channels C and D (I C18)
NET "REG2_SCL" LCOC = "D11" | | OSTANDARD = LVCMOS33 | DRIVE = 8 | SLEW= SLOW,;
NET "REG2_SDA" LCC = "F13" | | OSTANDARD = LVCMOS33 | DRIVE = 8 | SLEW= SLOW,;

Figure 17-3: UCF Constraints for Regulator 12C Control Signals

Related Resources

Refer to the following link for additional information:

¢ National Semiconductor LP3906 Dual High-Current Step-Down DC/DC and Dual
Linear Regulator with I2C Compatible Interface
www.national.com/pf/LP/LP3906.html
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