2:)(||_|NX® Related Resources

v erify
—General CPLD And PROM Properties
[+ Erase Before Programming [ Pead Protect

[~ PromdCoolRunnerl Usercode (B Hex Digits) I

—LCPLD Specific Properties
[~ wiite Protect [ | Functional Test [ Orn-The-Fly Program

[T #PLA&LUES Enter up to 13 characters I

—PROM Specific Properties

¥ iLoad FPGA! [T Parallel Mode 7 Wse D4 for CF

2 i e B .l Towe .
Sl oting

UG230_c4_27_022806
Figure 4-26: PROM Programming Options
The iMPACT software indicates if programming was successful or not. If programming
was successful and the Load FPGA option was left unchecked, push the PROG_B push-
button switch shown in Figure 4-2, page 26 to force the FPGA to reconfigure from the

newly programmed Platform Flash PROM. If the FPGA successfully configures, the DONE
LED, also shown in Figure 4-2, lights up.

Related Resources

*  XAPP951: Configuring Xilinx FPGAs with SPI Serial Flash
http:/ /www.xilinx.com/support/documentation /application_notes/xapp951.pdf

Spartan-3E FPGA Starter Kit Board User Guide www.xilinx.com 1
UG230 (v1.2) January 20, 2011



Chapter 4: FPGA Configuration Options

SIXILINX®

42

www.Xxilinx.com

Spartan-3E FPGA Starter Kit Board User Guide
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

&7 XILINX®

Chapter 5

Character LCD Screen

Overview

The Spartan®-3E FPGA Starter Kit board prominently features a 2-line by 16-character
liquid crystal display (LCD). The FPGA controls the LCD via the 4-bit data interface shown
in Figure 5-1. Although the LCD supports an 8-bit data interface, the Starter Kit board uses
a 4-bit data interface to remain compatible with other Xilinx development boards and to
minimize total pin count.

Spartan-3E FPGA Character LCD

SF_D<11> 390Q

(M15 DB7

SF_D<10> 390Q

(P17 DB6 Four-bit data

)
)
) SF_D<9> 390Q interface
)

(R16 DB5
SF_D<8> 390Q

X

LCD_E
(M18) co._ E

LCD_R
(L18) CD_RS RS

LCD_RW _
(L17) co_ RW

(R15 DB4

UG230_c5_01_022006

Figure 5-1: Character LCD Interface

Once mastered, the LCD is a practical way to display a variety of information using
standard ASCII and custom characters. However, these displays are not fast. Scrolling the
display at half-second intervals tests the practical limit for clarity. Compared with the

50 MHz clock available on the board, the display is slow. A PicoBlaze processor efficiently
controls display timing plus the actual content of the display.
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Character LCD Interface Signals

Table 5-1 shows the interface character LCD interface signals.

Table 5-1: Character LCD Interface
Signal Name FPGA Pin Function
SF_D<11> M15 Data bit DB7 Shared with StrataFlash pins
SF_D<10> P17 Data bit DB6 5F_D<11:8>
SE_D<9> R16 Data bit DB5
SF_D<8> R15 Data bit DB4
LCD_E M18 Read/Write Enable Pulse
0: Disabled
1: Read /Write operation enabled
LCD_RS L18 Register Select
0: Instruction register during write operations. Busy
Flash during read operations
1: Data for read or write operations
LCD_RW L17 Read/Write Control
0: WRITE, LCD accepts data
1: READ, LCD presents data

Voltage Compatibility

The character LCD is power by +5V. The FPGA 1/0O signals are powered by 3.3V. However,
the FPGA’s output levels are recognized as valid Low or High logic levels by the LCD. The
LCD controller accepts 5V TTL signal levels and the 3.3V LVCMOS outputs provided by
the FPGA meet the 5V TTL voltage level requirements.

The 390Q series resistors on the data lines prevent overstressing on the FPGA and
StrataFlash I/O pins when the character LCD drives a High logic value. The character LCD
drives the data lines when LCD_RW is High. Most applications treat the LCD as a write-
only peripheral and never read from from the display.

Interaction with Intel StrataFlash

As shown in Figure 5-1, the four LCD data signals are also shared with StrataFlash data
lines SF_D<11:8>. As shown in Table 5-2, the LCD/StrataFlash interaction depends on the
application usage in the design. When the StrataFlash memory is disabled (SF_CEQ =
High), then the FPGA application has full read /write access to the LCD. Conversely, when
LCD read operations are disabled (LCD_RW = Low), then the FPGA application has full
read /write access to the StrataFlash memory

Table 5-2: LCD/StrataFlash Control Interaction

SF_CEO | SF_BYTE | LCD_RW Operation
1 X X StrataFlash disabled. Full read /write access to LCD.
X X 0 LCD write access only. Full access to StrataFlash.
X 0 X StrataFlash in byte-wide (x8) mode. Upper address lines
are not used. Full access to both LCD and StrataFlash.
Notes:

1. ‘X’ indicates a don’t care, can be either 0 or 1.

44

www.Xxilinx.com

Spartan-3E FPGA Starter Kit Board User Guide
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

SXILINX®

UCF Location Constraints

If the StrataFlash memory is in byte-wide (x8) mode (SF_BYTE = Low), the FPGA
application has full simultaneous read /write access to both the LCD and the StrataFlash
memory. In byte-wide mode, the StrataFlash memory does not use the SF_D<15:8> data
lines.

UCF Location Constraints

Figure 5-2 provides the UCF constraints for the Character LCD, including the I/O pin
assignment and the I/O standard used.

NET "LCD_E" LoC = "M18" ‘ IOSTANDARD = LVCMOS33 | DRIVE = 4 ‘ SLEW = SLOW ;
NET "LCD_RS" ©LOC = "L18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "LCD_RW" LOC = "L17" ‘ IOSTANDARD = LVCMOS33 | DRIVE = 4 ‘ SLEW = SLOW ;

# The LCD four-bit data interface is shared with the StrataFlash.

NET "SF D<8>" LOC = "R15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<9>" LOC = "R16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<10>" LOC = "P17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<11>" LOC = "M15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;

Figure 5-2: UCF Location Constraints for the Character LCD

LCD Controller

The 2 x 16 character LCD has an internal Sitronix ST7066U graphics controller that is
functionally equivalent with the following devices.

e Samsung S6A0069X or KS0066U
e Hitachi HD44780
e SMOS SED1278

Memory Map

The controller has three internal memory regions, each with a specific purpose. The
display must be initialized before accessing any of these memory regions.

DD RAM

The Display Data RAM (DD RAM) stores the character code to be displayed on the screen.
Most applications interact primarily with DD RAM. The character code stored in a DD
RAM location references a specific character bitmap stored either in the predefined CG
ROM character set or in the user-defined CG RAM character set.

Figure 5-3shows the default address for the 32 character locations on the display. The
upper line of characters is stored between addresses 0x00 and 0xOF. The second line of
characters is stored between addresses 0x40 and 0x4F.

Character Display Addresses U::;‘:'ep;‘gd
1 I 00 | 01 | 02 | 03 | 04 | 05 | 06 | O7 | O8 | 09 [ OA | OB | OC | OD | OE | OF § 10 ... 27
2 I 40 | 41 | 42 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 4A | 4B | 4C | 4D | 4E | 4F | 50 67
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ... 40
Figure 5-3: DD RAM Hexadecimal Addresses (No Display Shifting)
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Physically, there are 80 total character locations in DD RAM with 40 characters available
per line. Locations 0x10 through 0x27 and 0x50 through 0x67 can be used to store other
non-display data. Alternatively, these locations can also store characters that can only
displayed using controller’s display shifting functions.

The Set DD RAM Address command initializes the address counter before reading or
writing to DD RAM. Write DD RAM data using the Write Data to CG RAM or DD RAM
command, and read DD RAM using the Read Data from CG RAM or DD RAM command.

The DD RAM address counter either remains constant after read or write operations, or
auto-increments or auto-decrements by one location, as defined by the I/D set by the Entry
Mode Set command.

CG ROM

The Character Generator ROM (CG ROM) contains the font bitmap for each of the
predefined characters that the LCD screen can display, shown in Figure 5-4. The character
code stored in DD RAM for each character location subsequently references a position with
the CG ROM. For example, a hexadecimal character code of 0x53 stored in a DD RAM
location displays the character ‘S’. The upper nibble of 0x53 equates to DB[7:4]="0101"
binary and the lower nibble equates to DB[3:0] = “0011” binary. As shown in Figure 5-4, the
character ‘S’ appears on the screen.

English/Roman characters are stored in CG ROM at their equivalent ASCII code address.
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Figure 5-4: LCD Character Set

=

The character ROM contains the ASCII English character set and Japanese kana characters.

The controller also provides for eight custom character bitmaps, stored in CG RAM. These
eight custom characters are displayed by storing character codes 0x00 through 0x07 in a
DD RAM location.

CG RAM

The Character Generator RAM (CG RAM) provides space to create eight custom character
bitmaps. Each custom character location consists of a 5-dot by 8-line bitmap, as shown in
Figure 5-5.

The Set CG RAM Address command initializes the address counter before reading or
writing to CG RAM. Write CG RAM data using the Write Data to CG RAM or DD RAM
command, and read CG RAM using the Read Data from CG RAM or DD RAM command.
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The CG RAM address counter can either remain constant after read or write operations, or
auto-increments or auto-decrements by one location, as defined by the I/D set by the Entry
Mode Set command.

Figure 5-5 provides an example, creating a special checkerboard character. The custom
character is stored in the fourth CG RAM character location, which is displayed when a
DD RAM location is 0x03. To write the custom character, the CG RAM address is first
initialized using the Set CG RAM Address command. The upper three address bits point to
the custom character location. The lower three address bits point to the row address for the
character bitmap. The Write Data to CG RAM or DD RAM command is used to write each
character bitmap row. A “1” lights a bit on the display. A ‘0" leaves the bit unlit. Only the
lower five data bits are used; the upper three data bits are don’t care positions. The eighth
row of bitmap data is usually left as all zeros to accommodate the cursor.

Upper Nibble Lower Nibble
Write Data to CG RAM or DD RAM
A5 A4 A3 | A2 | A1 | AO | D7 D6 D5 | D4 D3 | D2 | D1 | DO
Character Address Row Address Don’t Care Character Bitmap
0 1 1 0 0 0 - - -
0 1 1 0 0 1 - - -
0 1 1 0 1 0 - - -
0 1 1 0 1 1 - - -
0 1 1 1 0 0 - - -
0 1 1 1 0 1 - - -
0 1 1 1 1 0 - - -
0 1 1 1 1 1 - - -

Figure 5-5: Example Custom Checkerboard Character with Character Code 0x03

Command Set

Table 5-3 summarizes the available LCD controller commands and bit definitions. Because
the display is set up for 4-bit operation, each 8-bit command is sent as two 4-bit nibbles.
The upper nibble is transferred first, followed by the lower nibble.

Table 5-3: LCD Character Display Command Set

7)) = Upper Nibble Lower Nibble
Function z' Zl N~ | o |w |« . o - °
=9 8 8 8 8 8 &8 8 8
Clear Display 0 0 0 0 0 0 0 0 0 1
Return Cursor Home 0 0 0 0 0 0 0 0 1 -
Entry Mode Set 0 0 0 0 0 0 0 1 I/D
Display On/Off 0 0 0 0 0 0 1 D C B
Cursor and Display Shift 0 0 0 0 0 1 S/C | R/L = =
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Table 5-3: LCD Character Display Command Set (Continued)

7)) = Upper Nibble Lower Nibble
Function no:l zl N | © 1 | % ™ o - )
S99 8 8 8 8 8 &8 &8 B8
Function Set 0 0 0 0 1 0 1 0 - -
Set CG RAM Address 0 0 0 1 A5 | A4 A3 A2 Al A0
Set DD RAM Address 0 0 1 A6 | A5 | Ad A3 A2 Al A0
Read Busy Flag and Address 0 1 BF | A6 | A5 | A4 A3 A2 Al A0
Write Data to CG RAM or DD RAM 1 0 D7 | D6 | D5 | D4 D3 D2 D1 DO
Read Data from CG RAM or DD RAM 1 1 D7 | D6 | D5 | D4 D3 D2 D1 DO

Disabled

If the LCD_E enable signal is Low, all other inputs to the LCD are ignored.

Clear Display

Clear the display and return the cursor to the home position, the top-left corner.

This command writes a blank space (ASCII/ ANSI character code 0x20) into all DD RAM
addresses. The address counter is reset to 0, location 0x00 in DD RAM. Clears all option
settings. The I/D control bit is set to 1 (increment address counter mode) in the Entry Mode
Set command.

Execution Time: 82 ps — 1.64 ms

Return Cursor Home

Return the cursor to the home position, the top-left corner. DD RAM contents are
unaffected. Also returns the display being shifted to the original position, shown in
Figure 5-3.

The address counter is reset to 0, location 0x00 in DD RAM. The display is returned to its
original status if it was shifted. The cursor or blink move to the top-left character location.

Execution Time: 40 pus — 1.6 ms

Entry Mode Set

Sets the cursor move direction and specifies whether or not to shift the display.
These operations are performed during data reads and writes.

Execution Time: 40 us

Bit DB1: (I/D) Increment/Decrement

0 | Auto-decrement address counter. Cursor/blink moves to left.

1 | Auto-increment address counter. Cursor/blink moves to right.
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This bit either auto-increments or auto-decrements the DD RAM and CG RAM address
counter by one location after each Write Data to CG RAM or DD RAM or Read Data from
CG RAM or DD RAM command. The cursor or blink position moves accordingly.

Bit DBO: (S) Shift

0 | Shifting disabled

1 | During a DD RAM write operation, shift the entire display value in the direction
controlled by Bit DB1 (I/D). Appears as though the cursor position remains constant
and the display moves.

Display On/Off

Display is turned on or off, controlling all characters, cursor and cursor position character
(underscore) blink.

Execution Time: 40 us

Bit DB2: (D) Display On/Off

0 | No characters displayed. However, data stored in DD RAM is retained

1 | Display characters stored in DD RAM

Bit DB1: (C) Cursor On/Off

The cursor uses the five dots on the bottom line of the character. The cursor appears as a
line under the displayed character.

0 | No cursor

1 | Display cursor

Bit DBO: (B) Cursor Blink On/Off

0 | No cursor blinking

1 | Cursor blinks on and off approximately every half second

Cursor and Display Shift

Moves the cursor and shifts the display without changing DD RAM contents. Shift cursor
position or display to the right or left without writing or reading display data.

This function positions the cursor in order to modify an individual character, or to scroll
the display window left or right to reveal additional data stored in the DD RAM, beyond
the 16th character on a line. The cursor automatically moves to the second line when it
shifts beyond the 40th character location of the first line. The first and second line displays
shift at the same time.

When the displayed data is shifted repeatedly, both lines move horizontally. The second
display line does not shift into the first display line.

Execution Time: 40 us
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Table 5-4: Shift Patterns According to S/C and R/L Bits

DB3 | DB2 Operation
(SIC)|(RIL) P

0 0 | Shift the cursor position to the left. The address counter is decremented by one.

0 1 | Shift the cursor position to the right. The address counter is incremented by one.

Shift the entire display to the left. The cursor follows the display shift. The
address counter is unchanged.

Shift the entire display to the right. The cursor follows the display shift. The
address counter is unchanged.

Function Set
Sets interface data length, number of display lines, and character font.

The Starter Kit board supports a single function set with value 0x28.

Execution Time: 40 us

Set CG RAM Address
Set the initial CG RAM address.

After this command, all subsequent read or write operations to the display are to or from
CG RAM.

Execution Time: 40 us

Set DD RAM Address
Set the initial DD RAM address.

After this command, all subsequent read or write operations to the display are to or from
DD RAM. The addresses for displayed characters appear in Figure 5-3.

Execution Time: 40 us

Read Busy Flag and Address

Read the Busy flag (BF) to determine if an internal operation is in progress, and read the
current address counter contents.

BF =1 indicates that an internal operation is in progress. The next instruction is not
accepted until BF is cleared or until the current instruction is allowed the maximum time to
execute.

This command also returns the present value of address counter. The address counter is
used for both CG RAM and DD RAM addresses. The specific context depends on the most
recent Set CG RAM Address or Set DD RAM Address command issued.

Execution Time: 1 us

Write Data to CG RAM or DD RAM

Write data into DD RAM if the command follows a previous Set DD RAM Address
command, or write data into CG RAM if the command follows a previous Set CG RAM
Address command.

Spartan-3E FPGA Starter Kit Board User Guide www.xilinx.com 51
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

Chapter 5: Character LCD Screen 2:)(||_|NX®

After the write operation, the address is automatically incremented or decremented by 1
according to the Entry Mode Set command. The entry mode also determines display shift.

Execution Time: 40 us

Read Data from CG RAM or DD RAM

Read data from DD RAM if the command follows a previous Set DD RAM Address
command, or read data from CG RAM if the command follows a previous Set CG RAM
Address command.

After the read operation, the address is automatically incremented or decremented by 1
according to the Entry Mode Set command. However, a display shift is not executed
during read operations.

Execution Time: 40 us

Operation

Four-Bit Data Interface
The board uses a 4-bit data interface to the character LCD.

Figure 5-6 illustrates a write operation to the LCD, showing the minimum times allowed
for setup, hold, and enable pulse length relative to the 50 MHz clock (20 ns period)

provided on the board.
CLOCK
LCD_RS 0 =Command, 1 = Data
SF_D[11:8] Valid Data
LCD_RW
LCD_E
230 ns
| fee—
40 ns 10 ns
Upper Lower
4 bits 4 bits
LCD_RS X X X X _____-_C X X X X
SF_D[11:8] X X X X _-_----C X X X X
LCD_RW /T~ ~.__

LCDE /N AN o ___
1us 40 us
I

11 1 UG230_c5_03_022006

Figure 5-6: Character LCD Interface Timing
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Operation

The data values on SF_D<11:8>, and the register select (LCD_RS) and the read /write
(LCD_RW) control signals must be set up and stable at least 40 ns before the enable LCD_E
goes High. The enable signal must remain High for 230 ns or longer—the equivalent of 12
or more clock cycles at 50 MHz.

In many applications, the LCD_RW signal can be tied Low permanently because the FPGA
generally has no reason to read information from the display.

Transferring 8-Bit Data over the 4-Bit Interface

After initializing the display and establishing communication, all commands and data
transfers to the character display are via 8 bits, transferred using two sequential 4-bit
operations. Each 8-bit transfer must be decomposed into two 4-bit transfers, spaced apart
by at least 1 ps, as shown in Figure 5-6. The upper nibble is transferred first, followed by
the lower nibble. An 8-bit write operation must be spaced least 40 us before the next
communication. This delay must be increased to 1.64 ms following a Clear Display
command.

Initializing the Display

After power-on, the display must be initialized to establish the required communication
protocol. The initialization sequence is simple and ideally suited to the highly-efficient 8-
bit PicoBlaze embedded controller. After initialization, the PicoBlaze controller is available
for more complex control or computation beyond simply driving the display.

Power-On Initialization

The initialization sequence first establishes that the FPGA application wishes to use the
four-bit data interface to the LCD as follows:

*  Wait 15 ms or longer, although the display is generally ready when the FPGA finishes
configuration. The 15 ms interval is 750,000 clock cycles at 50 MHz.

e Write SF_D<11:8> = 0x3, pulse LCD_E High for 12 clock cycles.
*  Wait 4.1 ms or longer, which is 205,000 clock cycles at 50 MHz.
¢ Write SF_D<11:8> = 0x3, pulse LCD_E High for 12 clock cycles.
*  Wait 100 ps or longer, which is 5,000 clock cycles at 50 MHz.

e Write SF_D<11:8> = 0x3, pulse LCD_E High for 12 clock cycles.
*  Wait 40 us or longer, which is 2,000 clock cycles at 50 MHz.

e Write SF_D<11:8> = 0x2, pulse LCD_E High for 12 clock cycles.
e Wait 40 ps or longer, which is 2,000 clock cycles at 50 MHz.

Display Configuration

After the power-on initialization is completed, the four-bit interface is now established.
The next part of the sequence configures the display:

¢ Issue a Function Set command, 0x28, to configure the display for operation on the
Spartan-3E Starter Kit board.

® Issue an Entry Mode Set command, 0x06, to set the display to automatically
increment the address pointer.

® Issue a Display On/Off command, 0x0C, to turn the display on and disables the
cursor and blinking.
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¢ Finally, issue a Clear Display command. Allow at least 1.64 ms (82,000 clock cycles)
after issuing this command.

Writing Data to the Display

To write data to the display, specify the start address, followed by one or more data values.

Before writing any data, issue a Set DD RAM Address command to specify the initial 7-bit
address in the DD RAM. See Figure 5-3 for DD RAM locations.

Write data to the display using a Write Data to CG RAM or DD RAM command. The 8-bit
data value represents the look-up address into the CG ROM or CG RAM, shown in
Figure 5-4. The stored bitmap in the CG ROM or CG RAM drives the 5 x 8 dot matrix to
represent the associated character.

If the address counter is configured to auto-increment, as described earlier, the application
can sequentially write multiple character codes and each character is automatically stored
and displayed in the next available location.

Continuing to write characters, however, eventually falls off the end of the first display
line. The additional characters do not automatically appear on the second line because the
DD RAM map is not consecutive from the first line to the second.

Disabling the Unused LCD

If the FPGA application does not use the character LCD screen, drive the LCD_E pin Low
to disable it. Also drive the LCD_RW pin Low to prevent the LCD screen from presenting
data.

Related Resources

e Initial Design for Spartan-3E Starter Kit (Reference Design)
http:/ /www.xilinx.com /s3estarter
e PowerTip PC1602-D Character LCD (Basic Electrical and Mechanical Data)
http:/ /www.powertipusa.com/pdf/pcl1602d.pdf
e Sitronix ST7066U Character LCD Controller
http:/ /www.sitronix.com.tw /sitronix/product.nsf/Doc/ST7066U?OpenDocument
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VGA Display Port

The Spartan®-3E FPGA Starter Kit board includes a VGA display port via a DB15
connector. Connect this port directly to most PC monitors or flat-panel LCDs using a
standard monitor cable. As shown in Figure 6-1, the VGA connector is the left-most
connector along the top of the board.

_—Pin 1
Pin 6
Pin 15 HUBUUUL Pin 11
DB15 VGA Connector
(front view)
DB15
Connector
270Q
Red
1° ANN—— (H14) VGA_RED
6 O
270Q
11 ° Green
2 ° N\/\———o (H15) VGA_GREEN
7 O-
12 1T — Blue 270Q
3 ° ANNN\—<—o0 (G15) VGA BLUE
8 ° Horizontal Sync 82.5Q
13 ° AN\~ (F15) VGA HSYNC
4 o1
9 [ Vertical Sync 82.5Q
e’ * VVN—<&—0 (F14) yGa_VSYNC
5 [ SN S
10 ° (xx) = FPGA pin number
15 —
v
GND

UG230_c6_01_021706

Figure 6-1: VGA Connections from Spartan-3E Starter Kit Board

The Spartan-3E FPGA directly drives the five VGA signals via resistors. Each color line has
a series resistor, with one bit each for VGA_RED, VGA_GREEN, and VGA_BLUE. The
series resistor, in combination with the 75Q termination built into the VGA cable, ensures
that the color signals remain in the VGA-specified 0V to 0.7V range. The VGA_HSYNC
and VGA_VSYNC signals using LVTTL or LVCMOS33 /0O standard drive levels. Drive
the VGA_RED, VGA_GREEN, and VGA_BLUE signals High or Low to generate the eight
colors shown in Table 6-1.
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Table 6-1: 3-Bit Display Color Codes

VGA_RED VGA_GREEN VGA_BLUE Resulting Color

0 0 0

0 0 1

0 1 0 Green

0 1 1 Cyan

1 0 0

1 0 1

1 1 0 Yellow

1 1 1 White

VGA signal timing is specified, published, copyrighted, and sold by the Video Electronics
Standards Association (VESA). The following VGA system and timing information is
provided as an example of how the FPGA might drive VGA monitor in 640 by 480 mode.
For more precise information or for information on higher VGA frequencies, refer to
documents available on the VESA website or other electronics websites (see “Related
Resources,” page 59).

Signal Timing for a 60 Hz, 640x480 VGA Display

CRT-based VGA displays use amplitude-modulated, moving electron beams (or cathode
rays) to display information on a phosphor-coated screen. LCDs use an array of switches
that can impose a voltage across a small amount of liquid crystal, thereby changing light
permittivity through the crystal on a pixel-by-pixel basis. Although the following
description is limited to CRT displays, LCDs have evolved to use the same signal timings
as CRT displays. Consequently, the following discussion pertains to both CRTs and LCDs.

Within a CRT display, current waveforms pass through the coils to produce magnetic fields
that deflect electron beams to transverse the display surface in a raster pattern, horizontally
from left to right and vertically from top to bottom. As shown in Figure 6-2, information is
only displayed when the beam is moving in the forward direction—left to right and top to
bottom—and not during the time the beam returns back to the left or top edge of the
display. Much of the potential display time is therefore lost in blanking periods when the
beam is reset and stabilized to begin a new horizontal or vertical display pass.
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Signal Timing for a 60 Hz, 640x480 VGA Display

Current
through the
horizontal
deflection
coil

time

[ T— pixel 0,0 pixel 0,639

]

N

640 pixels are displayed each
time the beam traverses the screen

VGA Display

e pixel 479,0 pixel 479,639

—

teeecccccccccccccccce ooy

displayed during this time

> Stable current ramp: Information is

Total horizontal time

Retrace: No
information
is displayed
during

this time

Horizontal display time

retrace time

be'os o odees

L— "front porch"

e e @ o ¢ ofled

L— "front porch"

et

Horizontal sync signal
sets the retrace frequency

Figure 6-2: CRT Display Timing Example

The display resolution defines the size of the beams, the frequency at which the beam
traces across the display, and the frequency at which the electron beam is modulated.

Modern VGA displays support multiple display resolutions, and the VGA controller
dictates the resolution by producing timing signals to control the raster patterns. The

L
L "back porch"

UG230_c6_02_021706

controller produces TTL-level synchronizing pulses that set the frequency at which current
flows through the deflection coils, and it ensures that pixel or video data is applied to the
electron guns at the correct time.

Video data typically comes from a video refresh memory with one or more bytes assigned

to each pixel location. The Spartan-3E FPGA Starter Kit board uses three bits per pixel,

producing one of the eight possible colors shown in Table 6-1. The controller indexes into
the video data buffer as the beams move across the display. The controller then retrieves

and applies video data to the display at precisely the time the electron beam is moving

across a given pixel.
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As shown in Figure 6-2, the VGA controller generates the horizontal sync (HS) and vertical
sync (VS) timings signals and coordinates the delivery of video data on each pixel clock.
The pixel clock defines the time available to display one pixel of information. The VS signal
defines the refresh frequency of the display, or the frequency at which all information on the
display is redrawn. The minimum refresh frequency is a function of the display’s phosphor
and electron beam intensity, with practical refresh frequencies in the 60 Hz to 120 Hz
range. The number of horizontal lines displayed at a given refresh frequency defines the
horizontal retrace frequency.

VGA Signal Timing

The signal timings in Table 6-2 are derived for a 640-pixel by 480-row display using a

25 MHz pixel clock and 60 Hz + 1 refresh. Figure 6-3 shows the relation between each of
the timing symbols. The timing for the sync pulse width (Tpyy) and front and back porch
intervals (Tgp and Tgp) are based on observations from various VGA displays. The front
and back porch intervals are the pre- and post-sync pulse times. Information cannot be
displayed during these times.

Table 6-2: 640x480 Mode VGA Timing

Vertical Sync Horizontal Sync
Symbol Parameter
Time Clocks Lines Time Clocks
Ts Sync pulse time 16.7ms | 416,800 521 32 us 800
Tpsp | Display time 15.36 ms | 384,000 480 25.6 us 640
Tpw Pulse width 64 ps 1,600 2 3.84 us 96
Tep Front porch 320 ps 8,000 10 640 ns 16
Tgp Back porch 928 us 23,200 29 1.92 ps 48
| Ts |
| |
| | |
| " e Tfp
| | Taisp P
| I | |
| | I—I r
I I |
I
I T
= Tow bp
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Figure 6-3: VGA Control Timing

Generally, a counter clocked by the pixel clock controls the horizontal timing. Decoded
counter values generate the HS signal. This counter tracks the current pixel display
location on a given row.

A separate counter tracks the vertical timing. The vertical-sync counter increments with
each HS pulse and decoded values generate the VS signal. This counter tracks the current
display row. These two continuously running counters form the address into a video
display buffer. For example, the on-board DDR SDRAM provides an ideal display buffer.

No time relationship is specified between the onset of the HS pulse and the onset of the VS
pulse. Consequently, the counters can be arranged to easily form video RAM addresses, or
to minimize decoding logic for sync pulse generation.
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UCF Location Constraints

UCF Location Constraints
Figure 6-4 provides the UCF constraints for the VGA display port, including the I/O pin

assignment, the I/O standard used, the output slew rate, and the output drive current.

Related Resources

NET
NET
NET
NET
NET

"VGA RED" LOoC
"VGA_GREEN" LOC
"VGA_BLUE" LOC
"VGA_HSYNC" LOC
"VGA_VSYNC" LOC

Figure 6-4: UCF Constraints for VGA Display Port
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RS-232 Serial Ports

Overview

As shown in Figure 7-1, the Spartan®-3E FPGA Starter Kit board has two RS-232 serial
ports: a female DB9 DCE connector and a male DTE connector. The DCE-style port
connects directly to the serial port connector available on most personal computers and
workstations via a standard straight-through serial cable. Null modem, gender changers,
or crossover cables are not required. Use the DTE-style connector to control other RS-232
peripherals, such as modems or printers, or perform simple loopback testing with the DCE
connector. Note that Figure 7-1 shows the view looking “out” the DTE connector.

RS CS TRRD TD Cl
DoEEEE

O Standard Standard
9-pin serial cable 9-pin serial cable ( A ]

[\ \ /
DCE DTE Pin 5 Pin 1
| |

Pin 9 L Pin 6

DB9 Serial Port Connector
(front view)

DCE DTE
Female DB9 Male DB9

5 4 3 2 1 5 4 3 2 1
J9 T N G T S I A T
GND

RS-232 Voltage Translator (IC2)

AV

RS232_DCE_RXD
WY
RS232_DTE_RXD

RS232_DCE_TXD
RS232_DTE_TXD

(R7) (M14)

—_

M13) (U8)
Spartan-3E FPGA

UG230_c7_01_062008

Figure 7-1: RS-232 Serial Ports
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Figure 7-1 shows the connection between the FPGA and the two DB9 connectors. The
FPGA supplies serial output data using LVITL or LVCMOS levels to the Maxim device,
which in turn, converts the logic value to the appropriate RS-232 voltage level. Likewise,
the Maxim device converts the RS-232 serial input data to LVITTL levels for the FPGA. A
series resistor between the Maxim output pin and the FPGA’s RXD pin protects against
accidental logic conflicts.

Hardware flow control is not supported on the connector. The port’s DCD, DTR, and DSR
signals connect together, as shown in Figure 7-1. Similarly, the port’s RTS and CTS signals
connect together.

UCF Location Constraints

Figure 7-2 and Figure 7-3 provide the UCF constraints for the DTE and DCE RS-232 ports,
respectively, including the I/O pin assignment and the I/O standard used.

NET "RS232 DTE RXD" LOC = "U8" | IOSTANDARD = LVTTL ;
NET "RS232 DTE TXD" LOC = "M13" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = SLOW ;
Figure 7-2: UCF Location Constraints for DTE RS-232 Serial Port
NET "RS232 DCE_RXD" LOC = "R7" | IOSTANDARD = LVTTL ;
NET "RS232_DCE_TXD" LOC = "M14" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = SLOW ;
Figure 7-3: UCF Location Constraints for DCE RS-232 Serial Port
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PS/2 Mousel/Keyboard Port

The Spartan®-3E FPGA Starter Kit board includes a PS/2 mouse/keyboard port and the
standard 6-pin mini-DIN connector, labeled J14 on the board. Figure 8-1 shows the PS/2
connector, and Table 8-1 shows the signals on the connector. Only pins 1 and 5 of the
connector attach to the FPGA.

270Q
AN PS2_DATA: (G13)
20 [] @
40  Osg
60 @5 2700
P AN PS2_CLK: (G14)

UG230_c8_01_021806

Figure 8-1: PS/2 Connector Location and Signals

Table 8-1: PS/2 Connector Pinout

PS/2 DIN Pin Signal FPGA Pin
1 DATA (PS2_DATA) G13
2 Reserved G13
3
4 —
5 CLK (PS2_CLK) Gl4
6 Reserved G13

Both a PC mouse and keyboard use the two-wire PS/2 serial bus to communicate with a
host device, the Spartan-3E FPGA in this case. The PS/2 bus includes both clock and data.
Both a mouse and keyboard drive the bus with identical signal timings and both use 11-bit
words that include a start, stop and odd parity bit. However, the data packets are
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Keyboard

organized differently for a mouse and keyboard. Furthermore, the keyboard interface
allows bidirectional data transfers so the host device can illuminate state LEDs on the
keyboard.

The PS/2 bus timing appears in Table 8-2 and Figure 8-2. The clock and data signals are
only driven when data transfers occur; otherwise they are held in the idle state at logic
High. The timing defines signal requirements for mouse-to-host communications and
bidirectional keyboard communications. As shown in Figure 8-2, the attached keyboard or
mouse writes a bit on the data line when the clock signal is High, and the host reads the
data line when the clock signal is Low.

Table 8-2: PS/2 Bus Timing

Symbol Parameter Min Max
Tex Clock High or Low Time 30 us 50 ps
Tsy Data-to-clock Setup Time 5 us 25 us

Taip | Clock-to-data Hold Time 5us 25 s
Tek Tex
Edge 0 Edge 10
CLK (PS2C) ‘ ’
| |
l-T
Tayel i ™ HD

DATA (PS2D) \ | ] 1 {U i
| /

'0' start bit

1" stop bit
UG230_c8_02_021806

Figure 8-2: PS/2 Bus Timing Waveforms

The keyboard uses open-collector drivers so that either the keyboard or the host can drive
the two-wire bus. If the host never sends data to the keyboard, then the host can use simple
input pins.

A PS/2-style keyboard uses scan codes to communicate key press data. Nearly all
keyboards in use today are PS/2 style. Each key has a single, unique scan code that is sent
whenever the corresponding key is pressed. The scan codes for most keys appear in
Figure 8-3.

If the key is pressed and held, the keyboard repeatedly sends the scan code every 100 ms or
so. When a key is released, the keyboard sends an “F0” key-up code, followed by the scan
code of the released key. The keyboard sends the same scan code, regardless if a key has
different shift and non-shift characters and regardless whether the Shift key is pressed or
not. The host determines which character is intended.

Some keys, called extended keys, send an “E0” ahead of the scan code and furthermore,
they might send more than one scan code. When an extended key is released, an “E0 F0”
key-up code is sent, followed by the scan code.
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Figure 8-3: PS/2 Keyboard Scan Codes

The host can also send commands and data to the keyboard. Table 8-3 provides a short list
of some often-used commands.

Table 8-3: Common PS/2 Keyboard Commands

Command Description

ED Turn on/off Num Lock, Caps Lock, and Scroll Lock LEDs. The keyboard acknowledges receipt of an
“ED” command by replying with an “FA”, after which the host sends another byte to set LED status. The
bit positions for the keyboard LEDs are shown below. Write a 1’ to the specific bit to illuminate the
associated keyboard LED.

7 6 5 4 3 2 1 0
Ignored Caps Lock | Num Lock | Scroll Lock

EE Echo. Upon receiving an echo command, the keyboard replies with the same scan code “EE”.

F3 Set scan code repeat rate. The keyboard acknowledges receipt of an “F3” by returning an “FA”, after
which the host sends a second byte to set the repeat rate.

FE Resend. Upon receiving a resend command, the keyboard resends the last scan code sent.

FF Reset. Resets the keyboard.

The keyboard sends commands or data to the host only when both the data and clock lines
are High, the Idle state.

Because the host is the bus master, the keyboard checks whether the host is sending data
before driving the bus. The clock line can be used as a clear to send signal. If the host pulls
the clock line Low, the keyboard must not send any data until the clock is released.

The keyboard sends data to the host in 11-bit words that contain a ‘0’ start bit, followed by
eight bits of scan code (LSB first), followed by an odd parity bit and terminated with a ‘1’
stop bit. When the keyboard sends data, it generates 11 clock transitions at around 20 to
30 kHz, and data is valid on the falling edge of the clock as shown in Figure 8-2.
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Mouse

A mouse generates a clock and data signal when moved; otherwise, these signals remain
High, indicating the Idle state. Each time the mouse is moved, the mouse sends three 11-bit
words to the host. Each of the 11-bit words contains a ‘0" start bit, followed by 8 data bits
(LSB first), followed by an odd parity bit, and terminated with a ‘1" stop bit. Each data
transmission contains 33 total bits, where bits 0, 11, and 22 are ‘0" start bits, and bits 10, 21,
and 32 are ‘1" stop bits. The three 8-bit data fields contain movement data as shown in
Figure 8-4. Data is valid at the falling edge of the clock, and the clock period is 20 to 30 kHz.

,—Mouse status byte—| — X direction byte ] — Y direction byte ]

1

\

O|L|RJ|O

1

4

\ Start bit

Idle state

XS|YS|XV|YV]| P | 1 |0 |XO| X1| X2| X3]| X4| X5|X6|X7| P| 1|0 |YO|Y1|Y2|Y3]|Y4|Y5|Y6|Y7| P 1/

bt Pt
Stop bit ) Stop bit Stop bit
Start bit Start bit Idle state
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Figure 8-4: PS/2 Mouse Transaction

A PS/2-style mouse employs a relative coordinate system (see Figure 8-5), wherein
moving the mouse to the right generates a positive value in the X field, and moving to the
left generates a negative value. Likewise, moving the mouse up generates a positive value
in the Y field, and moving it down represents a negative value. The XS and YS bits in the
status byte define the sign of each value, where a “1” indicates a negative value.

+Y values (YS=0)

A

-X values = +X values
(XS=1) % (XS=0)

A

-Y values (YS=1)

UG230_c8_05_021806

Figure 8-5: The Mouse Uses a Relative Coordinate System to Track Movement

The magnitude of the X and Y values represent the rate of mouse movement. The larger the
value, the faster the mouse is moving. The XV and YV bits in the status byte indicate when
the X or Y values exceed their maximum value, an overflow condition. A ‘1" indicates
when an overflow occurs. If the mouse moves continuously, the 33-bit transmissions repeat
every 50 ms or so.

The L and R fields in the status byte indicate Left and Right button presses. A ‘1" indicates
that the associated mouse button is being pressed.
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Voltage Supply

The PS/2 port on the Spartan-3E FPGA Starter Kit board is powered by 5V. Although the
Spartan-3E FPGA is not a 5V-tolerant device, it can communicate with a 5V device using
series current-limiting resistors, as shown in Figure 8-1.

UCF Location Constraints

Figure 8-6 provides the UCF constraints for the PS/2 port connecting, including the I/O
pin assignment and the I/O standard used.

NET "PS2_ CLK" LOC = "Gl4" | IOSTANDARD = LVCMOS33 | DRIVE = 8 | SLEW = SLOW ;
NET "PS2 DATA" LOC = "G13" | IOSTANDARD = LVCMOS33 | DRIVE = 8 ‘ SLEW = SLOW ;

Figure 8-6: UCF Location Constraints for PS/2 Port
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Digital to Analog Converter (DAC)

The Spartan®-3E FPGA Starter Kit board includes an SPI-compatible, four-channel, serial
Digital-to-Analog Converter (DAC). The DAC device is a Linear Technology LTC2624
quad DAC with 12-bit unsigned resolution. The four outputs from the DAC appear on the
J5 header, which uses the Digilent 6-pin Peripheral Module format. The DAC and the
header are located immediately above the Ethernet RJ-45 connector, as shown in

Figure 9-1.

Linear Tech LTC2624 Quad DAC
6-pin DAC Header (J5) SPI_MOSI: (T4)
SPI_MISO: (N10)
SPI_SCK: (U16)
L DAC_CS: (N8)
& . DAC_CLR: (P8)

UG230_c9_01_030906

Figure 9-1: Digital-to-Analog Converter and Associated Header

SPI Communication

As shown in Figure 9-2, the FPGA uses a Serial Peripheral Interface (SPI) to communicate
digital values to each of the four DAC channels. The SPI bus is a full-duplex, synchronous,
character-oriented channel employing a simple four-wire interface. A bus master—the
FPGA in this example—drives the bus clock signal (SPI_SCK) and transmits serial data
(SPI_MOSI) to the selected bus slave—the DAC in this example. At the same time, the bus
slave provides serial data (SPI_MISO) back to the bus master.
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Figure 9-2: Digital-to-Analog Connection Schematics

Interface Signals

Table 9-1 lists the interface signals between the FPGA and the DAC. The SPI_MOS],
SPI_MISO, and SPI_SCK signals are shared with other devices on the SPI bus. The
DAC_CS signal is the active-Low slave select input to the DAC. The DAC_CLR signal is
the active-Low, asynchronous reset input to the DAC.

Table 9-1: DAC Interface Signals

Signal FPGA Pin Direction Description
SPI_MOSI T4 FPGA->DAC | Serial data: Master Output, Slave Input
DAC_CS N8 FPGA>DAC | Active-Low chip-select. Digital-to-analog
conversion starts when signal returns High.
SPI_SCK Uleé FPGA->DAC | Clock
DAC_CLR P8 FPGA->DAC | Asynchronous, active-Low reset input
SPI_MISO N10 FPGA<DAC Serial data: Master Input, Slave Output

The serial data output from the DAC is primarily used to cascade multiple DACs. This
signal can be ignored in most applications although it does demonstrate full-duplex
communication over the SPI bus.

Disable Other Devices on the SPI Bus to Avoid Contention

The SPI bus signals are shared by other devices on the board. It is vital that other devices
are disabled when the FPGA communicates with the DAC to avoid bus contention.

Table 9-2 provides the signals and logic values required to disable the other devices.
Although the StrataFlash PROM is a parallel device, its least-significant data bit is shared
with the SPI_MISO signal.
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Table 9-2: Disabled Devices on the SPI Bus

Signal Disabled Device Disable Value
SPI_SS_B SPI serial Flash 1
AMP_CS Programmable pre-amplifier 1
AD_CONV Analog-to-Digital Converter (ADC) 0
SF_CEO StrataFlash Parallel Flash PROM 1
FPGA_INIT_B Platform Flash PROM 0

SPI Communication Details

Figure 9-3 shows a detailed example of the SPI bus timing. Each bit is transmitted or
received relative to the SPI_SCK clock signal. The bus is fully static and supports clocks
rate up to the maximum of 50 MHz. However, check all timing parameters using the
LTC2624 data sheet if operating at or close to the maximum speed.

DAC_CS _\
spi_most XXX 31 UK 30 XOOOOURNR 29 XROMONK
SPI_SCK m_
SPI_MISO XXXPrevious 31XXXX Previous 30 XXXX Previous 29 X:

UG230_c9_03_021806

Figure 9-3: SPI Communication Waveforms

After driving the DAC_CS slave select signal Low, the FPGA transmits data on the
SPI_MOSI signal, MSB first. The LTC2624 captures input data (SPI_MOSI) on the rising
edge of SPI_SCK; the data must be valid for at least 4 ns relative to the rising clock edge.

The LTC2624 DAC transmits its data on the SPI_MISO signal on the falling edge of
SPI_SCK. The FPGA captures this data on the next rising SPI_SCK edge. The FPGA must
read the first SPI_MISO value on the first rising SPI_SCK edge after DAC_CS goes Low.
Otherwise, bit 31 is missed.

After transmitting all 32 data bits, the FPGA completes the SPI bus transaction by
returning the DAC_CS slave select signal High. The High-going edge starts the actual
digital-to-analog conversion process within the DAC.

Communication Protocol

Figure 9-4 shows the communications protocol required to interface with the LTC2624
DAC. The DAC supports both a 24-bit and 32-bit protocol. The 32-bit protocol is shown.

Inside the D/A converter, the SPI interface is formed by a 32-bit shift register. Each 32-bit
command word consists of a command, an address, followed by data value. As a new
command enters the DAC, the previous 32-bit command word is echoed back to the
master. The response from the DAC can be ignored although it is a useful to confirm
correct communication.
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Figure 9-4: SPI Communications Protocol to LTC2624 DAC

The FPGA first sends eight dummy or “don’t care” bits, followed by a 4-bit command. The
most commonly used command with the board is COMMANDI3:0] = “0011”, which
immediately updates the selected DAC output with the specified data value. Following the
command, the FPGA selects one or all the DAC output channels via a 4-bit address field.
Following the address field, the FPGA sends a 12-bit unsigned data value that the DAC
converts to an analog value on the selected output(s). Finally, four additional dummy or
don't care bits pad the 32-bit command word.

Specifying the DAC Output Voltage

As shown in Figure 9-2, each DAC output level is the analog equivalent of a 12-bit
unsigned digital value, D[11:0], written by the FPGA to the DAC via the SPI interface.

The voltage on a specific output is generally described in Equation 9-1. The reference
voltage, VrerrreNcE is different between the four DAC outputs. Channels A and B use a
3.3V reference voltage and Channels C and D use a 2.5V reference. The reference voltages
themselves have a 5% tolerance, so there will be slight corresponding variances in the
output voltage.

D[11:0]

Vour = 7,096 < VREFERENCE Equation 9-1

DAC Outputs A and B

Equation 9-2 provides the output voltage equation for DAC outputs A and B. The
reference voltage associated with DAC outputs A and B is 3.3V £5%.

_ D[11:0]
VOLITA - 4,096

X (3.3V £5%) Equation 9-2

DAC Outputs Cand D

Equation 9-3 provides the output voltage equation for DAC outputs A and B. The
reference voltage associated with DAC outputs A and B is 2.5V £5%.

v _ D[11:0]
ourTc — 4,096

X (25V £5%) Equation 9-3
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UCF Location Constraints

Figure 9-5 provides the UCF constraints for the DAC interface, including the I/O pin

assignment and the I/O standard used.

NET "SPI_MISO" LOC = "N10" | IOSTANDARD = LVCMOS33 ;
NET "SPI_MOSI" LOC = "T4" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
NET "SPI_SCK" LOC = "Ul6" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
NET "DAC_CS" LOC = "N8" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
NET "DAC_CLR" LOC = "P8" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
Figure 9-5: UCF Location Constraints for the DAC Interface
Related Resources
e LTC2624 Quad DAC Data Sheet
http://www.linear.com/pc/downloadDocument.do?navId=H0,C1,C1155,C1005,C1156,2048,D02170
e PicoBlaze Based D/A Converter Control for the Spartan-3E Starter Kit (Reference
Design)
http:/ /www.xilinx.com/s3estarter
e Xilinx PicoBlaze Soft Processor
http:/ /www.xilinx.com/picoblaze
¢ Digilent, Inc. Peripheral Modules
http:/ /www.digilentinc.com /Products/Catalog.cfm?NavPath=2,401&Cat=9
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Analog Capture Circuit

The Spartan®-3E FPGA Starter Kit board includes a two-channel analog capture circuit,
consisting of a programmable scaling pre-amplifier and an analog-to-digital converter
(ADC), as shown in Figure 10-1. Analog inputs are supplied on the ]J7 header.

6-pin ADC Header (J7) Linear Tech LTC1407A-1 Dual A/D
SPI_SCK: (U16)
AD_CONV: (P11)

SPI_MISO: (N10)

% Linear Tech LTC6912-1 Dual Amp
¥ SPI_MOSI: (T4)

AMP_CS: (N7)

SPI_SCK: (U16)

AMP_SHDN: (P7)
AMP_DOUT: (E18)

" ||J]|-l.l-

UG230_c10_01_030306

Figure 10-1: Two-Channel Analog Capture Circuit

The analog capture circuit consists of a Linear Technology LTC6912-1 programmable pre-
amplifier that scales the incoming analog signal on header ]7 (see Figure 10-2). The output
of pre-amplifier connects to a Linear Technology LTC1407A-1 ADC. Both the pre-amplifier
and the ADC are serially programmed or controlled by the FPGA.
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Header J7

[

7o LTC 6912-1 AMP  =seereeecereacorsancerencs . jeeve LTC 1407A-1 ADC ieerrecverensoreeavere,
VINA
1 A * ap |
= —{=Channel 0 [~
VINB
D B + AD
by , |~ Channel 1
ano | [
VCC
(3.3V) . 2
< 14
REF = 1.65V
Spartan-3E FPGA
i L
— | Nn10) (Ta)| - SPLMOSI piN [0772]3]0]7/2]3] pouT | CHE || IE | B
—| (E18) (N7)] AMP_CS CSLD AGAIN  BGAIN CHANNEL 1 CHANNEL 0
(U16)[ SPI_SCK SCK SPI Control Interface SCK SPI Control Interface
(P7) AMP_SHDN SHDN | CONV
P11) AD_CONV
AMP_DOUT
SPI_MISO

UG230_c10_02_022306

Figure 10-2: Detailed View of Analog Capture Circuit

Digital Outputs from Analog Inputs

The analog capture circuit converts the analog voltage on VINA or VINB and converts it to
a 14-bit digital representation, D[13:0], as expressed by Equation 10-1.

(Viny—1.65V) ]
D[13:0] = GAIN x —1mv x 8192 Equation 10-1

The GAIN is the current setting loaded into the programmable pre-amplifier. The various
allowable settings for GAIN and allowable voltages applied to the VINA and VINB inputs
appear in Table 10-2.

The reference voltage for the amplifier and the ADC is 1.65V, generated via a voltage
divider shown in Figure 10-2. Consequently, 1.65V is subtracted from the input voltage on
VINA or VINB.

The maximum range of the ADC is #1.25V, centered around the reference voltage, 1.65V.
Hence, 1.25V appears in the denominator to scale the analog input accordingly.
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Programmable Pre-Amplifier

Finally, the ADC presents a 14-bit, two’s complement digital output. A 14-bit, two’s
complement number represents values between -213 and 213-1. Therefore, the quantity is
scaled by 8192, or 213.

See “Programmable Pre-Amplifier” to control the GAIN settings on the programmable
pre-amplifier.

The reference design files provide more information on converting the voltage applied on
VINA or VINB to a digital representation (see “Related Resources,” page 81).

Programmable Pre-Amplifier

Interface

The LTC6912-1 provides two independent inverting amplifiers with programmable gain.
The purpose of the amplifier is to scale the incoming voltage on VINA or VINB so that it
maximizes the conversion range of the DAC, namely 1.65 +1.25V.

Table 10-1 lists the interface signals between the FPGA and the amplifier. The SPI_MOSI,
SPI_MISO, and SP1_SCK signals are shared with other devices on the SPI bus. The
AMP_CS signal is the active-Low slave select input to the amplifier.

Table 10-1: AMP Interface Signals
Signal FPGA Pin Direction Description

SPI_MOSI T4 FPGA->AD | Serial data: Master Output, Slave Input.
Presents 8-bit programmable gain settings, as
defined in Table 10-2.

AMP_CS N7 FPGA->AMP | Active-Low chip-select. The amplifier gain is
set when signal returns High.

SPI_SCK U16 FPGA->AMP | Clock

AMP_SHDN P7 FPGA->AMP | Active-High shutdown, reset

AMP_DOUT E18 FPGA<AMP | Serial data. Echoes previous amplifier gain

settings. Can be ignored in most applications.

Programmable Gain

Each analog channel has an associated programmable gain amplifier (see Figure 10-2).
Analog signals presented on the VINA or VINB inputs on header J7 are amplified relative
to 1.65V. The 1.65V reference is generated using a voltage divider of the 3.3V voltage

supply.

The gain of each amplifier is programmable from -1 to -100, as shown in Table 10-2.

Table 10-2: Programmable Gain Settings for Pre-Amplifier

. A3 A2 A1 AO Input Voltage Range
Gain B3 B2 B1 BO Minimum | Maximum
0 0 0 0 0
-1 0 0 0 1 04 29
2 0 0 1 0 1.025 2.275
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Table 10-2: Programmable Gain Settings for Pre-Amplifier (Continued)

. A3 A2 A1 A0 Input Voltage Range
Gain B3 B2 B1 BO Minimum | Maximum
-5 0 0 1 1 14 1.9
-10 0 1 0 0 1.525 1.775
-20 0 1 0 1 1.5875 1.7125
-50 0 1 1 0 1.625 1.675
-100 0 1 1 1 1.6375 1.6625

SPI Control Interface

Figure 10-3 highlights the SPI-based communications interface with the amplifier. The gain
for each amplifier is sent as an 8-bit command word, consisting of two 4-bit fields. The
most-significant bit, B3, is sent first.

AMP_DOUT

L 0 Slave: LTC2624-1
SPI_MOSI
Ay|A A |A;]By|By|B,|Bsg

Spartan-3E| AMP_CS

FPGA ! e ~ i
Master SPISCK A Gain B Gain

UG230_c10_03_030306

Figure 10-3: SPI Serial Interface to Amplifier

The AMP_DOUT output from the amplifier echoes the previous gain settings. These
values can be ignored for most applications.

The SPI bus transaction starts when the FPGA asserts AMP_CS Low (see Figure 10-4). The
amplifier captures serial data on SPI_MOSI on the rising edge of the SPI_SCK clock signal.
The amplifier presents serial data on AMP_DOUT on the falling edge of SPI_SCK.

AMP_CS _\

130

| 150 ! 1 50 !
SPI_SCK / \ / \ / \ / \ / \ / \

30! 1
! [

o1 wost 7 XU o XORRAARX = NAOORRH. XA = AR = YOO

: 85 max :
—————

amp_pour __ Previous 7 KXAARIA 6 ARUAARK 5 NOARUAX & XXXWAR 3 AARUWAK 2 KX

All timing is minimum in nanoseconds unless otherwise noted.

UG230_c10_04_022306

Figure 10-4: SPI Timing When Communicating with Amplifier
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The amplifier interface is relatively slow, supporting only about a 10 MHz clock frequency.

UCF Location Constraints

Figure 10-5 provides the User Constraint File (UCF) constraints for the amplifier interface,
including the I/O pin assignment and 1/O standard used.

NET "SPI_MOSI" LOC = "T4" | IOSTANDARD = LVCMOS33 | SLEW = SLOW ‘ DRIVE = 6 ;
NET "AMP_CS" LOC = "N7" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;
NET "SPI_SCK" LOC = "Ule" | IOSTANDARD = LVCMOS33 | SLEW = SLOW ‘ DRIVE = 8 ;
NET "AMP_SHDN" LOC = "P7" | IOSTANDARD = LVCMOS33 | SLEW = SLOW ‘ DRIVE = 6 ;
NET "AMP_DOUT" LOC = "E18" | IOSTANDARD = LVCMOS33 ;

Figure 10-5: UCF Location Constraints for the DAC Interface

Analog to Digital Converter (ADC)

The LTC1407A-1 provides two ADCs. Both analog inputs are sampled simultaneously
when the AD_CONYV signal is applied.

Interface

Table 10-3 lists the interface signals between the FPGA and the ADC. The SPI_MOS],
SPI_MISO, and SPI_SCK signals are shared with other devices on the SPI bus. The
DAC_CS signal is the active-Low slave select input to the DAC. The DAC_CLR signal is
the active-Low, asynchronous reset input to the DAC.

Table 10-3: ADC Interface Signals
Signal FPGA Pin| Direction Description
SPI_SCK Ule6 FPGA->ADC | Clock

AD_CONV P11 FPGA->ADC | Active-High shutdown and reset.

SPI_MISO N10 FPGA<ADC | Serial data: Master Input, Serial Output. Presents
the digital representation of the sample analog
values as two 14-bit two’s complement binary
values.

SPI Control Interface

Figure 10-6 provides an example SPI bus transaction to the ADC.

When the AD_CONYV signal goes High, the ADC simultaneously samples both analog
channels. The results of this conversion are not presented until the next time AD_CONYV is
asserted, a latency of one sample. The maxim sample rate is approximately 1.5 MHz.

The ADC presents the digital representation of the sampled analog values as a 14-bit, two’s
complement binary value.
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SPI_MISO
L B Slave: LTC1407A-1 A/D Converter
AD CONV I Do | D, | D, | Dsl D, | Dsl Ds | D7| Dg | D9|D10|D11|D12|D13I D, | D, | D, | Dsl D4|D5| Ds | D7| Dg | D9|D10|D11|D12|D13
Spartgn-3E = 17— —1 7~ —— —71
FPGA  |sP1sck Channel 1 Channel 0
Master
Converted data is presented with a latency of one sample.
The sampled analog value is converted to digital data 32 SPI_SCK cycles after asserting AD_CONV.
Sample  The converted values is then presented after the next AD_CONV pulse. Sample
point point
AD_CONV | | [ |
SPI_SCK
Channel 0 Channel 1 ."'-A Channel 0
SPI_MISO

UG230_c10_05_030306

Figure 10-6: Analog-to-Digital Conversion Interface

Figure 10-7 shows detailed transaction timing. The AD_CONY signal is not a traditional
SPI slave select enable. Be sure to provide enough SPI_SCK clock cycles so that the ADC
leaves the SPI_MISO signal in the high-impedance state. Otherwise, the ADC blocks
communication to the other SPI peripherals. As shown in Figure 10-6, use a 34-cycle
communications sequence. The ADC 3-states its data output for two clock cycles before
and after each 14-bit data transfer.

4ns min
] I
I I
AD_CONV ’ \
| I 19.6ns min !
! 3ns —

I i I I

i\ \_ff \_fi \_f \_fF
' !

Channel 0 ,

SPI_MISO High-Z (XX 3 xxx 12 XXX 1 ﬂ
AD_CONV / \_

I 45ns min X

| |
spsok \__/30 3z \__fm \__ [\
Channel 1 I

I
! .
seemiso 3 XX 2 XXX 1 XX o })): High-Z

The A/D converter sets its SDO output line to high impedance after 33 SPI_SCK clock cycles
UG230_c10_06_022306

Figure 10-7: Detailed SPI Timing to ADC

UCF Location Constraints

Figure 10-8 provides the User Constraint File (UCF) constraints for the amplifier interface,
including the I/O pin assignment and I/O standard used.

NET "AD CONV" LOC = "P11" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;
NET "SPI SCK" LOC = "Ulé" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
NET "SPI_MISO" LOC = "N10" | IOSTANDARD = LVCMOS33 ;

Figure 10-8: UCF Location Constraints for the ADC Interface
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Disable Other Devices on the SPI Bus to Avoid Contention

The SPI bus signals are shared by other devices on the board. It is vital that other devices
are disabled when the FPGA communicates with the AMP or ADC to avoid bus
contention. Table 10-4 provides the signals and logic values required to disable the other
devices. Although the StrataFlash PROM is a parallel device, its least-significant data bit is
shared with the SPI_MISO signal. The Platform Flash PROM is only potentially enabled if
the FPGA is set up for Master Serial mode configuration.

Table 10-4: Disable Other Devices on SPI Bus

Signal Disabled Device Disable Value
SPI_SS_B SPI Serial Flash 1
AMP_CS Programmable Pre-Amplifier 1
DAC_CS DAC 1
SF_CEO StrataFlash Parallel Flash PROM 1
FPGA_INIT_B Platform Flash PROM 0

Connecting Analog Inputs
Connect AC signals to VINA or VINB via a DC blocking capacitor.

Related Resources

¢ Amplifier and A/D Converter Control for the Spartan-3E Starter Kit (Reference
Design)

http:/ /www.xilinx.com /s3estarter

e Xilinx PicoBlaze Soft Processor

http:/ /www.xilinx.com/picoblaze

e LTC6912 Dual Programmable Gain Amplifiers with Serial Digital Interface
http://www.linear.com/pc/downloadDocument.do?navlid=H0,C1,C1154,C1009,C1121,P7596,D5359

e LTC1407A-1 Serial 14-bit Simultaneous Sampling ADCs with Shutdown
http://www.inear.com /pc/download Document.do?navlid=H0,C1,C1155,C1001,C1158,°2420,D01295
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Intel StrataFlash Parallel NOR Flash
PROM

As shown in Figure 11-1, the Spartan®-3E FPGA Starter Kit boards includes a 128 Mbit (16
Mbyte) Intel StrataFlash parallel NOR Flash PROM. As indicated, some of the StrataFlash
connections are shared with other components on the board.

Intel StrataFlash - .
SPI Serial Flash
CE2
Spartan-3E FPGA
CE1 QF—
LDCO SF_CE0 L4 CEO
LDCH1 SF_OE OE# ADC
HDC SF_WE WE# <o
LDC2 SF_BYTE BYTE#
SF_STS sTS he
- SF_D<15:12> D[15:12]
S8, pp1s) SDO|—
D7:1] | 2> 571 i ]
D[O] SPI_MISO D[O] . .
: atform Flas
SF_A<24:20> A[24:20]
A[19:0] SPAT90> | Ar90] DO |
A[23:20] —X
CoolRunner-ll CPLD Character LCD
[7:4]
DBI[7:4]
UG230_c11_01_030206

Figure 11-1: Connections to Intel StrataFlash Flash Memory

The StrataFlash PROM provides various functions:

* Stores a single FPGA configuration in the StrataFlash device.

* Stores two different FPGA configurations in the StrataFlash device and dynamically
switch between the two using the Spartan-3E FPGA’s MultiBoot feature.

* Stores and executes MicroBlaze processor code directly from the StrataFlash device.
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* Stores MicroBlaze processor code in the StrataFlash device and shadows the code into
the DDR memory before executing the code.

e Stores non-volatile data from the FPGA.

StrataFlash Connections

Table 11-1 shows the connections between the FPGA and the StrataFlash device.

Although the XC3S500E FPGA only requires just slightly over 2 Mbits per configuration
image, the FPGA-to-StrataFlash interface on the board support up to a 256 Mbit
StrataFlash. The Spartan-3E FPGA Starter Kit board ships with a 128 Mbit device. Address
line SF_A24 is not used.

In general, the StrataFlash device connects to the XC3S500E to support Byte Peripheral
Interface (BPI) configuration. The upper four address bits from the FPGA, A[23:19] do not
connect directly to the StrataFlash device. Instead, the XC2C64 CPLD controls the pins
during configuration. As described in Table 11-1 and Shared Connections, some of the
StrataFlash connections are shared with other components on the board.
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StrataFlash Connections

Table 11-1: FPGA-to-StrataFlash Connections
Category SftrataFIash FPGA Pin Function
Signal Name Number

SF_A24 All Shared with XC2C64A CPLD. The CPLD
SF_A22 Vi2 “XC2C64A CoolRunner-II CPLD”. Also
ST TR et
SF_A20 T12
SF_A19 V15 Connects to FPGA pins A[19:0] to support the
SF A18 Uls BPI configuration.
SF_A17 T16
SF_Al6 U18
SF_A15 T17
SF_A1l4 R18

@ SF_A13 T18

é SF_A12 L16

< SF_Al1 L15
SF_A10 K13
SF_A9 K12
SF_AS8 K15
SF_A7 K14
SF_A6 117
SF_A5 J16
SF_A4 J15
SF_A3 J14
SF_A2 J12
SF_Al 13
SF_A0 H17
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Table 11-1: FPGA-to-StrataFlash Connections

Catedqor StrataFlash FPGA Pin Function
gory Signal Name Number
SF_D15 T8 Upper 8 bits of a 16-bit
halfword when
SF_D14 R8 StrataFlash is -
SF_D13 P6 configured for x16
data
SF_D12 Mi6 (SF_BYTE=High).
SF D11 M15 Connects to FPGA Signals SF D<11:8>
user I/0. connect to character
SF_D10 P17 LCD pins DB[7:4].
SF_D9 R16
SF_D8 R15
® SF_D7 N9 Upper 7 bits of a data byte or lower 8 bits of a
S SF D6 M9 16-bit halfword. Conne§ts to EPGA pins D[7:1]
to support the BPI configuration.
SF_D5 R9
SF_D4 U9
SF_D3 Vo9
SF_D2 R10
SF_D1 P10
SPI_MISO N10 Bit 0 of data byte and 16-bit halfword.
Connects to FPGA pin D0/DIN to support the
BPI configuration. Shared with other SPI
peripherals and Platform Flash PROM.
SF_CEOQ D16 StrataFlash Chip Enable. Connects to FPGA
pin LDCO to support the BPI configuration.
SF_WE D17 StrataFlash Write Enable. Connects to FPGA
pin HDC to support the BPI configuration.
SF_OE C18 StrataFlash Chip Enable. Connects to FPGA
S pin LDC1 to support the BPI configuration.
Lg) SF_BYTE C17 StrataFlash Byte Enable. Connects to FPGA pin
LDC2 to support the BPI configuration.
0: x8 data
1: x16 data
SF_STS B18 StrataFlash Status signal. Connects to FPGA
user-I/0 pin.
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Shared Connections

Besides the connections to the FPGA, the StrataFlash memory shares some connections to
other components.

Character LCD

The character LCD uses a four-bit data interface. The display data connections are also
shared with the SF_D<11:8> signals on the StrataFlash PROM. As shown in Table 11-2, the
FPGA controls access to the StrataFlash PROM or the character LCD using the SF_CEO and
LCD_RW signals.

Table 11-2: FPGA Control for StrataFlash and LCD

SF_CEO LCD_RwW Function
1 1 The FPGA reads from the character LCD.
0 0 The FPGA accesses the StrataFlash PROM.

Xilinx XC2C64A CPLD

The Xilinx XC2C64A CoolRunner™-II CPLD controls the five upper StrataFlash address
lines, SF_A<24:20> during configuration. The four upper BPI-mode address lines from the
FPGA, A<23:20> are not connected. Instead, four FPGA user-1/0 pins connect to the
StrataFlash PROM upper address lines SF_A<23:0>. See Chapter 16, “XC2C64A
CoolRunner-1I CPLD” for more information.

The most-significant address line, SF_A<24>, is not physically used on the 16 Mbyte
StrataFlash PROM. It is provided for upward migration to a larger StrataFlash PROM in
the same package footprint. Likewsie, the SF_A<24> signal is also connected to the
FX2_10<32> signal on the FX2 expansion connector.

SPI Data Line

The least-significant StrataFlash data line, SF_D<0>, is shared with data output signals
from serial SPI peripherals, SPI_MISQO, and the serial output from the Platform Flash
PROM as shown in Table 11-3. To avoid contention, the FPGA application must ensure that
only one data source is active at any time.

Table 11-3: Possible Contention on SPI_MISO (SF_D<0>) Data

Condition Function
FPGA_M2 = Low Platform Flash outputs data on DO.
FPGA_M1 = Low
FPGA_MO = Low
INIT_B = High
SF_CEO = Low StrataFlash outputs data.
SF_OE = Low
AD_CONYV = High Serial data is clocked out of the A/D converter
SPI_SCK
DAC_CS = Low DAC outputs previous command in response to SPI_SCK transitions.
SPI_SCK
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UCF Location Constraints

Address

Figure 11-2 provides the UCF constraints for the StrataFlash address pins, including the
I/0 pin assignment and the I/O standard used.

NET "SF A<24>" LOC = "All" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<23>" LOC = "N11" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_A<22>" LOC = "V12" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_A<21>" LOC = "V13" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_A<20>" LOC = "T12" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<19>" LOC = "V15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<18>" LOC = "U15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<17>" LOC = "T16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_A<16>" LOC = "U18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<15>" LOC = "T17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<l14>" LOC = "R18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<13>" LOC = "T18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<12>" LOC = "L16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_A<1l>" LOC = "L15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<10>" LOC = "K13" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_A<9>" LOC = "K12" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<8>" LOC = "K15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF _A<7>" LOC = "K14" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<6>" LOC = "J17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<5>" LOC = "J16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<4>" LOC = "J15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<3>" LOC = "J14" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<2>" LOC = "J12" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<l>" LOC = "J13" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF A<O>" LOC = "H17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;

Figure 11-2: UCF Location Constraints for StrataFlash Address Inputs

Data

Figure 11-3 provides the UCF constraints for the StrataFlash data pins, including the I/O
pin assignment and the I/O standard used.

NET "SF_D<15>" LOC = "T8" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<14>" LOC = "R8" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<13>" LOC = "P6" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<12>" LOC = "M16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<11>" LOC = "M15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<10>" LOC = "P17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<9>" LOC = "R16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<8>" LOC = "R15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<7>" ©LOC = "N9" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<6>" ©LOC = "M9" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<5>" LOC = "R9" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<4>" LOC = "U9" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<3>" LOC = "V9" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF_D<2>" LOC = "R10" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SF D<1>" ©LOC = "P10" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
NET "SPI_MISO" LOC = "N10" | IOSTANDARD = LVCMOS33 | DRIVE = 6 | SLEW = SLOW ;

Figure 11-3: UCF Location Constraints for StrataFlash Data 1/0s
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Setting the FPGA Mode Select Pins

Control

Figure 11-4 provides the UCF constraints for the StrataFlash control pins, including the
1/0 pin assignment and the I/O standard used.

NET "SF _BYTE" LOC = "C17"
NET "SF_CEO" LOC = "Dleée"
NET "SF_OE" LOC = "cC1i8"
NET "SF_STS" LOC = "B18"
NET "SF_WE" LOC = "D17"

Figure 11-4: UCF Location Constraints for StrataFlash Control Pins

| IOSTANDARD = LVCMOS33 | DRIVE
| IOSTANDARD = LVCMOS33 | DRIVE
| IOSTANDARD = LVCMOS33 | DRIVE
| IOSTANDARD = LVCMOS33 | DRIVE
| IOSTANDARD = LVCMOS33 | DRIVE

Setting the FPGA Mode Select Pins

Set the FPGA configuration mode pins for either BPI Up or BPI down mode, as shown in

Table 11-4. See

| SLEW
| SLEW
| SLEW
| SLEW
| SLEW

L

SLOW ;
SLOW ;
SLOW ;
SLOW ;
SLOW ;

Table 11-4: Selecting BPI-Up or BPI-Down Configuration Modes (Header J30 in

Figure 4-2)
Configuration| Mode Pins FPGA Configuration Image in Jumper Settinas
Mode M2:M1:M0 StrataFlash P g
BPI Up 0:1:0 FPGA starts at address 0 and
increments through address space.
The CPLD controls address lines
A[24:20] during BPI configuration.
BPI Down 0:1:1 FPGA starts at address OxFF_FFFF
and decrements through address
space. The CPLD controls address
lines A[24:20] during BPI
configuration.

Related Resources

e Intel J3 StrataFlash Data Sheet

http:/ /www.numonyx.com/en-

US/MemoryProducts/NOR /Pages/NumonyxEmbeddedFlashMemory]3.aspx
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SPI Serial Flash

The Spartan®-3E FPGA Starter Kit board includes a STMicroelectronics M25P16 16 Mbit
SPI serial Flash, useful in a variety of applications. The SPI Flash provides an alternative
means to configure the FPGA—a new feature of Spartan-3E FPGAs as shown in

Figure 12-1. The SPI Flash is also available to the FPGA after configuration for a variety of
purposes, such as:

¢ Simple non-volatile data storage
e Storage for identifier codes, serial numbers, IP addresses, etc.
* Storage of MicroBlaze processor code that can be shadowed into DDR SDRAM.

STMicro M25P16

Spartan-3E FPGA SPI Serial Flash

Mosi/csl B! (Ta)l—SPLMOSI [
DIN/DO | (N10) SPLMISO |
coik | u1e)|—SPLSCK _I¢
cso B! (u3l—SPLSS B |5
UG230_c15_01_030206
Figure 12-1: Spartan-3E FPGAs Have an Optional SPI Flash Configuration Interface
Table 12-1: SPI Flash Interface Signals
Signal FPGA Pin | Direction Description
SPI_MOSI T4 FPGA->SPI | Serial data: Master Output, Slave Input
SPI_MISO N10 FPGA&SPI | Serial data: Master Input, Slave Output
SPI_SCK U16 FPGA->SPI | Clock
SPI_SS_B U3 FPGA->SPI | Asynchronous, active-Low slave select input

UCF Location Constraints

Figure 12-2 provides the UCF constraints for the SPI serial Flash PROM, including the I/O
pin assignment and the I/O standard used.

# some connections shared with SPI Flash, DAC, ADC, and AMP

NET "SPI_MISO" LOC = "N10" | IOSTANDARD = LVCMOS33 ;

NET "SPI_MOSI" LOC = "T4" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;
NET "SPI_SCK" LOC = "Ul6" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;
NET "SPI_SS_B" LOC = "U3" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;
NET "SPI_ALT_CS_JP11" LOC = "R12" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6

Figure 12-2: UCF Location Constraints for SPI Flash Connections
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Configuring from SPI Flash

To configure the FPGA from SPI Flash, the FPGA mode select pins must be set
appropriately and the SPI Flash must contain a valid configuration image.

Select SPI Mode using Jumper Settings Header J12 (XSPI Programming)
Remove the top jumper, insert the bottom two as shown

Jumper J11

g e |

_ Jumpwr Battings @
{ronE L 5551 B TAS "'"r- I
[ e jmm| feem] | | r—

ff e -_l::l
JIEIDI:ID

DONE Pin LED .
Lights up when FPGA successfully configured PROG_B Push Button sw't‘?h .
Jumper JP8 (XSPI) Press and release to restart configuration

When programming SPI Flash using XSPI
utility, insert jumper to hold PROG_B pin Low UG230_c15_02 030906

Figure 12-3: Configuration Options for SPI Mode

Setting the FPGA Mode Select Pins

Set the FPGA configuration mode pins for SPI mode, as shown in Figure 12-4. The location
of the configuration mode jumpers (J30) appears in Figure 12-3.

UG230_c15_03_030206

Figure 12-4: Set Mode Pins for SPI Mode
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Creating an SPI Serial Flash PROM File

The following steps describe how to format an FPGA bitstream for an SPI Serial Flash
PROM.

Setting the Configuration Clock Rate

The FPGA supports a 12 MHz configuration clock rate when connected to an M25P16 SPI
serial Flash. Set the Properties for Generate Programming File so that the
Configuration Rate is 12, as shown in Figure 12-5. See “Generating the FPGA
Configuration Bitstream File” in the FPGA Configuration Options chapter for a
more detailed description.

Regenerate the FPGA bitstream programming file with the new settings.

Lategom

General Options
Configuration Optionz
i Startup O ptions

- Readback Options

Property Hame Walle A
Configuration R ate 12 |
Configuration Clk. [Configuration Ping) Default 1]

3

Configuration Pin k0

Configuration Fin k1 g

Configuration Pin M2 75

Configuration Pin Program a0

Configuration Fin Done Pull Up ;I
JTaG Fin TCE, Pull Up ;I -|

Eroperty dizplay level: IStandard vl Diefault |
0k I Cancel | Apply | Help |

&

UG230_c15_04_030206

Figure 12-5: Set Configuration Rate to 12 MHz When Using the M25P16 SPI Flash
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Formatting an SPI Flash PROM File

After generating the program file, double-click Generate PROM, ACE, or JTAG File
to launch the iMPACT software, as shown in Figure 12-6.

Frocesses: ;I
w Uszer Constraints
-- B2 .1 Sunthesize - %5T
-- 21 Implement Design
EI P 20D Generate Programming File
@OF‘rngramming File Generation F
e Generate PROM, ACE, or JTA

l—f@ Configure Diew k ik F'.-'E-.ET]_ILI
k

UG230_c15_05_030206

E'—:C Processes

Figure 12-6: Double-Click Generate PROM, ACE, or JTAG File

After iMPACT starts, double-click PROM File Formatter, as shown in Figure 12-7.

iMPACT - C:/data/my_des#
=L Filz Edit Yiew Operations <

[ZFE &% B20E X s

]
e R
E""'EE]SIaveS erial :I
- EaIS electMAP
é""ﬂﬂ][ﬁlesktnp Canfigu...
[ =] SystemaACE

IMPALCT Modes

UG230_c15_06_030206

Figure 12-7: Double-Click PROM File Formatter

Choose 3rd Party SPI PROM as the target PROM type, as shown in Figure 12-8. Select
from any of the PROM File Formats; the Intel Hex format (MCS) is popular. The PROM
Formatter automatically swaps the bit direction as SPI Flash PROMs shift out the most-
significant bit (MSB) first. Enter the Location of the directory and the PROM File Name.
Click Next > when finished.
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MEIMPALCT - Prepare PROM Files

| want ko target a
" Hilins PROM

{~ Generic Parallel PROM

f+ Jrd-Farty SF| PROM
—PROM File Format
{+ MCS " TEK " UFP ['C" format)

i ExD i BIN 1 I5C
£ HEx [ Swap Bits

Checkzum Fill ' alue [2 Hex Digits): IFF

PROM File Mame: IM_I,ISF'IFIash

Location: IE:"-.u:Iata'\m_l,l_designs'xsEe_starter_kit"-. Browsze... |

¢ Back Mest > LCancel |

UG230_c15_07_030206

Figure 12-8: Choose the PROM Target Type, the, Data Format, and File Location

The Spartan-3E Starter Kit board has a 16 Mbit SPI serial Flash PROM. Select 16M from the
drop list, as shown in Figure 12-9. Click Next >.

“ZIMPALCT - Specify SPI PROM Device

[~ Auto Select PROM Density

Select SPI PFROKM Denzity (bitz] | 128k "I
128K
256K,
512K

1H

2k

44

a4

32M E
Gahd

Hest > Cancel

< Back

UG230_c15_08_030206

Figure 12-9: Choose 16M

The PROM Formatter then echoes the settings, as shown in Figure 12-10. Click Finish.
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1ZIMPACT - File Generation Summary

'ou have entered fallowing information:
FROM Type:

Fil= Farmnat

Fill " alue

PROM filenianme

Murnber of PROM s

SPl PROM
mos

FF
MySPIFlazh
1

0 1EM

Click "'Finizh'' to start adding device files.

< Back | Einizh :‘! Lancel
-

UG230_c15_09_030206

Figure 12-10: Click Finish after Entering PROM Formatter Settings

The PROM Formatter then prompts for the name(s) of the FPGA configuration bitstream
file. As shown in Figure 12-11, click OK to start selecting files. Select an FPGA bitstream file
(*.bit). Choose No after selecting the last FPGA file. Finally, click OK to continue.

~ Add Device | x| |

\il) Adding device file to the SPT PRCM

UG230_c15_10_030206

Figure 12-11: Enter FPGA Configuration Bitstream File(s)

When PROM formatting is complete, the iMPACT software presents the present settings
by showing the PROM, the select FPGA bitstream(s), and the amount of PROM space
consumed by the bitstream. Figure 12-12 shows an example for a single XC3S500E FPGA
bitstream stored in an XCF04S Platform Flash PROM.

SPI
PROM

13.23 % Full

e e i i

E X

LN NNy

wc3sa00e
myfpgabitztream....

UG230_c15_11_030206

Figure 12-12: PROM Formatting Completed
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To generate the actual PROM file, click Operations - Generate File asshownin
Figure 12-13.

iIMPALT - C:/data/my_designs/s3e_starter_kit/s3e
Z§ File Edit Wiew | Operations Options Qutput Debug W
”ﬁ E x % t%‘ Brogram...
o verify

¥} Erase..,

Cormpact Elash Integrity Check, ,

UG230_c15_12_030206

Figure 12-13: Click Operations > Generate File to Create the Formatted PROM File

As shown in Figure 12-14, the iMPACT software indicates that the PROM file was
successfully created. The PROM Formatter creates an output file based on the settings
shown in Figure 12-8. In this example, the output file is called MySPIFlash.mcs.

4 3
1 sP § E0ume
4 PROM 3
1EM
13.573 % Full xc3s500e
iy fpgabitstream.. .

PROM File Generation Succeeded

UG230_c15_13_030206

Figure 12-14: PROM File Formatter Succeeded

Downloading the Design to SPI Flash
There are multiple methods to program the SPI Flash, as listed below.

e Use the Xilinx iMPACT programming support.

® Use the PicoBlaze based SPI Flash programmer reference designs. Use a terminal
emulator, such as Hyperlink, to download SPI Flash programming data via the PC’s
serial port to the FPGA. The embedded PicoBlaze processor then programs the
attached SPI serial Flash. See “Related Resources,” page 103.
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* Via the FPGA’s JTAG chain, use a JTAG tool to program the SPI Flash connected to the
FPGA. See the link to the Universal Scan SPI Flash programming tutorial in “Related
Resources,” page 103.

Downloading the SPI Flash

The following steps describe how to download the SPI Flash PROM.

Attach a JTAG Parallel Programming Cable

SPI programming will typically use a JTAG parallel programming cable, such as:

¢ Xilinx Parallel Cable IV with flying leads
¢ Digilent JTAG3 programming cable

These cables are not provided with the Spartan-3E Starter Kit board but can be purchased
separately, either from the Xilinx Online Store or from Digilent, Inc. (see “Related
Resources,” page 103).

First, turn off the power on the Spartan-3E Starter Kit board.

If the USB cable is attached to the board, disconnect it. Simultaneously connecting both the
USB cable and the parallel cable to the PC confuses the iMPACT software.

Connect one end of the JTAG parallel programming cable to the parallel printer port of the
PC.

Connect the JTAG end of the cable to Header ]J12, as shown in Figure 12-15a. The physical
location of Header J12 is more clearly shown in Figure 12-3, page 92. The J12 header
connects directly to the SPI Flash pins; it is not connected to the JTAG chain.

The JTAGS3 cable directly mounts to Header J12. The labels on the JTAG3 cable face toward
the J11 jumpers. If using flying leads, they must be connected as shown in Figure 12-15b
and Table 12-2. Note the color coding for the leads. The gray INIT lead is left unconnected.
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a) JTAGS3 Parallel Connector b) Parallel Cabile lll or Parallel Cable IV
with Flying Leads

UG230_c15_14_030206

Figure 12-15: Attaching a JTAG Parallel Programming Cable to the Board

Table 12-2: Cable Connections to J12 Header

Cable and Labels Connections
J12 Header Label SEL SDI SDO SCK GND VCC
JTAG3 Cable Label TMS TDI TDO TCK GND VCC

Flying Leads Label T™MS/ TDI1/ TDO/ TCK/ GND/ VREE/
PROG DIN DONE CCLK GND VREF

Insert Jumper on JP8 and Hold PROG_B Low

The JTAG parallel programming cable directly accesses the SPI Flash pins. To avoid signal
contention with the FPGA, ensure that the connecting FPGA pins are high-impedance.
Force the FPGA’s PROG_B pin Low by installing a jumper on JP8, next to the PROG push
button, as shown in Figure 12-16. See Figure 12-3, page 92 to locate jumper JP8 and
surrounding landmarks.

DEFAULT
NO JUMPER

~ &
= a
2=
=]
hﬂ
oo
2

a) No Jumper: FPGA Operational (default) b) Jumper Installed: FPGA Held in
Configuration State, I/Os in High Impedance
UG230_c15_15_030206

Figure 12-16: Installing the JP8 Jumper Holds the FPGA in Configuration State
Re-apply power to the Spartan-3E Starter Kit board and program the SPI Flash.
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After programming the SPI Flash, remove jumper JP8, as shown in Figure 12-16a. If
properly programmed, the FPGA then configures itself from the SPI Flash PROM and the
DONE LED lights. The DONE LED is shown in Figure 12-3.

Additional Design Details

Figure 12-17 provides additional details of the SPI Flash interface used on the Spartan-3E
Starter Kit board. In most applications, this interface is as simple as that shown in

Figure 12-1. The Spartan-3E Starter Kit board, however, supports of variety of
configuration options and demonstrates additional Spartan-3E FPGA capabilities.

STMicro M25P16
Spartan-3E FPGA SPI Serial Flash

MosI/CsI_B!| (T4) [—>P1MOSI -
(T16) | VS2/A17  DIN/DO | (N10) |«—SPLMISO .
(U15) | VS1/A18 CCLK | (U16) SPI_SCK .
(V15) : VSO/A19  CSO_B: (U3) SPI_SS_B _ -
Jumper J11

m -4 m

3% 29

© | oo

o
Programming —— - - —
Header J12 %‘9‘%%%%
53583 .

UG230_c15_17_030306

Figure 12-17: Additional SPI Flash Interface Design Details

Shared SPI Bus with Peripherals

After configuration, the SPI Flash configuration pins are available to the application. On
the Spartan-3E Starter Kit board, the SPI bus is shared by other SPI-capable peripheral
devices, as shown in Figure 12-17. To access the SPI Flash memory after configuration, the
FPGA application must disable the other devices on the shared PCI bus. Table 12-3 shows
the signal names and disable values for the other devices.
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Table 12-3: Disable Other Devices on SPI Bus

Signal Disabled Device Disable Value
DAC_CS Digital-to-Analog Converter (DAC) 1
AMP_CS Programmable Pre-Amplifier 1
AD_CONV Analog-to-Digital Converter (ADC) 0
SF_CEO0 StrataFlash Parallel Flash PROM 1
FPGA_INIT_B Platform Flash PROM 0

Other SPI Flash Control Signals

The M25P16 SPI Flash has two additional control inputs. The active-Low write protect
input (W) and the active-Low bus hold input (HLD) are unused and pulled High via an
external pull-up resistor.

Variant Select Pins, VS[2:0]

When in SPI configuration mode, the FPGA samples the value on three pins, labeled
VS[2:0], to determine which SPI read command to issue to the SPI Flash. For the M25P16
Flash, VS[2:0]=<1:1:1> issues the correct command sequence. The VS[2:0] pins are pulled
High externally via pull-up resistors to 3.3V. The V5[2:0] pins are also parallel NOR Flash
address lines A[19:17] in the FPGA’s BPI configuration mode and these signals also
connect to the StrataFlash parallel Flash PROM. After SPI configuration, the VS[2:0] pins
become user-programmable I/O pins, allowing full access to the StrataFlash PROM,
despite that the FPGA configured from SPI Flash.

Jumper Block J11

In SPI configuration mode, the FPGA selects the attached SPI Flash by asserting the CSO_B
pin Low. On the Spartan-3E Starter Kit board, the CSO_B pin drives into the jumper J11
block. This jumper block provides the option to move the on-board SPI Flash to a different
select line (SPI_ALT_CS_JP11). This way, a different SPI Flash device can be tested by
changing the JP11 jumper settings and connecting the alternate SPI Flash on Header JP12.
By default, both jumpers are inserted on jumper block header J11.

Programming Header J12

As shown in Figure 12-15, page 99, Header J12 accepts a JTAG parallel programming cable
to program the on-board SPI Flash.

Multi-Package Layout

STMicroelectronics was rather clever when they defined the package layout for the
M25Pxx SPI serial Flash family. The Spartan-3E Starter Kit board supports all three of the
package types used for the 16 Mbit device, as shown in Figure 12-18. By default, the board
ships with the 8-lead, 8x6 mm MLP package. The multi-package layout also supports the 8-
pin SOIC package and the 16-pin SOIC package. Pin 1 for the 8-pin SOIC and MLP
packages is located in the top-left corner. However, pin 1 for the 16-pin SOIC package is
located in the top-right corner, because the package is rotated 90°. The 16-pin SOIC
package also have four pins on each side that do not connect on the board. These pins must
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be left floating. Why support multiple packages? In a word, flexibility. The multi-package
layout provides ...

Density migration between smaller- and larger-density SPI Flash PROMs. Not all
SPI Flash densities are available in all packages. The SPI Flash migration strategy
follows nicely with the pinout migration provided by Xilinx FPGAs.

Consistent configuration PROM layout when migrating between FPGA densities.
The Spartan-3E FPGA’s FG320 package footprint supports the XC3S500E, the
XC3S1200E, and the XC3S1600E FPGA devices without modification. The SPI Flash
multi-package layout allows comparable flexibility in the associated configuration
PROM. Ship the optimally-sized SPI Flash memory for the FPGA mounted on the
board.

Supply security. If a certain SPI Flash density is not available in the desired package,
switch to a different package style or to a different density to secure availability.

L
@)
=
O

OA

o o

Pin 1:
. I I I I 16-pin SOIC
Pin 1:
8-pin SOIC (Do not connect)
8-lead MLP .
S VvCC
Q = HOLD
‘ } (Do not connect) ‘ \
§| © oo
U UG230_c15_18_030606

Figure 12-18: Multi-Package Layout for the STMicroelectronics M25Pxx Family
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Related Resources

¢ Xilinx Parallel Cable IV with Flying Leads
¢ Digilent JTAG3 Programming Cable

http:/ /www.digilentinc.com/Products/Catalog.cfm?NavPath=2,395&Cat=5#]TAG3
e STMicroelectronics M25P16 SPI Serial Flash Data Sheet

http:/ /www.numonyx.com/Documents/Datasheets/M25P16.pdf

* PicoBlaze SPI Serial Flash Programmer, via RS-232 (Reference Design)

http:/ /www.xilinx.com /s3estarter

e Using Serial Flash on the Spartan-3E Starter Kit Board (Reference Design)

http:/ /www.xilinx.com /s3estarter

¢ Universal Scan SPI Flash Programming via JTAG Training Video

http:/ /www.ricreations.com/JTAG-Software-Downloads.htm
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DDR SDRAM

The Spartan®-3E FPGA Starter Kit boards includes a 512 Mbit (32M x 16) Micron
Technology DDR SDRAM (MT46V32M16) with a 16-bit data interface, as shown in
Figure 13-1. All DDR SDRAM interface pins connect to the FPGA’s I/O Bank 3 on the
FPGA. I/0O Bank 3 and the DDR SDRAM are both powered by 2.5V, generated by an
LTC3412 regulator from the board’s 5V supply input. The 1.25V reference voltage,
common to the FPGA and DDR SDRAM, is generated using a resistor voltage divider from

the 2.5V rail.
5.0V
1 . 2.5V
LTC3412
% 1.25V
Spartan-3E FPGA Micron 512 Mb DDR SDRAM
See Table |- SD_A<12:0> MN—= A[12:0]
VREF See Table |a—D=DO<18:0> 0 r ol bais:0] VREF
VCCO 3 SeeTable | SD-BA<1:0>  zan  _IBAr1:] VDD
(C1) SD_RAS AMV—| RAS# vDDQ
(C2) SD_CAS AMN—=| CAS#
(D1) SD_WE AN—| WE#
(1) S MW UQM MT46V32M16
J2) SD_LDM MA—{LQM  (32Mx16)
(G3) Sb_Ubas AN\—| UDQS
(Le) [«—32LDAS A iDas
(K4) SD_CS AMN—| CS#
(K3) SD_CKE AMAN—| CKE
(J4) SD_CK_N AMN—| CKi#
(B9) GCLK9 (J5) SD_CK_P MAN—{ CK
SD_CK_FB AMA R
Figure 13-1: FPGA Interface to Micron 512 Mbit DDR SDRAM
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All DDR SDRAM interface signals are terminated.

The differential clock pin SD_CK_P is fed back into FPGA pin B9 in I/O Bank 0 to have best
access to one of the FPGA'’s Digital Clock Managers (DCMs). This path is required when
using the MicroBlaze OPB DDR controller. The MicroBlaze OPB DDR SDRAM controller
IP core documentation is also available from within the EDK 8.1i development software
(see “Related Resources,” page 109).

DDR SDRAM Connections

Table 13-1 shows the connections between the FPGA and the DDR SDRAM.

Table 13-1: FPGA-to-DDR SDRAM Connections
Category DPR SDRAM FPGA Pin Function
Signal Name Number

SD_A12 P2 Addpress inputs
SD_A11 N5
SD_A10 T2
SD_A9 N4
SD_A8 H2

@ SD_A7 H1

9

g SD_A6 H3

< SD_A5 H4
SD_A4 F4
SD_A3 P1
SD_A2 R2
SD_A1 R3
SD_AO0 T1
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DDR SDRAM Connections

Table 13-1: FPGA-to-DDR SDRAM Connections (Continued)
Category DPR SDRAM FPGA Pin Function
Signal Name Number
SD_DQ15 H5 Data input/output
SD_DQ14 Hé6
SD_DQ13 G5
SD_DQ12 G6
SD_DQ11 F2
SD_DQ10 F1
SD_DQ9 E1l
ke SD_DQ8 E2
a SD_DQ7 M6
SD_DQ6 M5
SD_DQ5 M4
SD_DQ4 M3
SD_DQ3 L4
SD_DQ2 L3
SD_DQ1 L1
SD_DQO L2
SD_BA1 K6 Bank address inputs
SD_BAO K5
SD_RAS C1 Command inputs
SD_CAS c2
SD_WE D1
SD_CK_N J4 Differential clock input
_ SD_CK_P J5
-g SD_CKE K3 Active-High clock enable input
3 SD_CS K4 Active-Low chip select input
SD_UDM J1 Data Mask. Upper and Lower data masks
SD_LDM ]2
SD_UDQS G3 Data Strobe. Upper and Lower data strobes
SD_LDQS Le
SD_CK_FB B9 SDRAM clock feedback into top DCM
within FPGA. Used by some DDR SDRAM
controller cores
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UCF Location Constraints

Address

Data

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

address 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

"SD A<l2>"
"SD A<l1l>"
"SD A<1l0>"
"SD A<9>"
"SD A<8>"
"SD A<7>"
"SD A<6>"
"SD A<5>"
"SD A<4>"
"SD A<3>"
"SD A<2>"
"SD A<l>"
"SD A<0>"

LOoC
LoC
LoC
LoC
LocC
LoC
LOoC
LoC
LoC
LocC
LocC
LoC
LoC

npon
nNg"
VIT2 n
N4 "
ngo"
nggq"
ng3n
np4n
n F4 n
npqn
"Ro"
nR3n
npqn

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

SSTL2 I
SSTL2 I
SSTL2_T
SSTL2_I
SSTL2_I
SSTL2 I
SSTL2 I
SSTL2 I
SSTL2 T
SSTL2_I
SSTL2_I
SSTL2 I
SSTL2 I

7
7
I
7
7
7
I
I
7
7
7
7

7

Figure 13-2: UCF Location Constraints for DDR SDRAM Address Inputs

Figure 13-3 provides the User Constraint File (UCF) constraints for the DDR 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

"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<O0>"

Figure 13-3:

LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC
LOC

nggn
"He"
n@gn
nGen"
nEon
llFl n
nEl"
nE2o"
"Me"
nMg5"
nv4n
IIM3 n
np4n
ng3n
L
ngomn

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

SSTL2_I
SSTL2_I
SSTL2 I
SSTL2 I
SSTL2 I
SSTL2 T
SSTL2_I
SSTL2_I
SSTL2 I
SSTL2 I
SSTL2 I
SSTL2 T
SSTL2_I
SSTL2_I
SSTL2 I
SSTL2 I

’
’
1
7
7
7
7
’
1
7
7
7
7
7
1

7

UCF Location Constraints for DDR SDRAM Data I/Os
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Related Resources

Control

Figure 13-4 provides the User Constraint File (UCF) constraints for the DDR 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

# Path to allow

NET

"SD BA<O>"
"SD BA<1>"
"SD_CAS"
"SD_CK_N"
"SD_CK_P"
"SD_CKE"
"SD_Cs"

"SD_LDM"
"SD_LDQS"
"SD_RAS"
"SD_UDM"
"SD_UDQS"
n SD WE n

"SD_CK_FB"

LOC = "K5"
LOC = "Ke"
LOC = "c2"
LOC = "g4"
LOC = "Jgs5"
LOC = "K3"
LOC = "K4"
LOC = "ga2"
LOC = "Le"
LoC = "c1i"
Loc = "gi"
LOC = "G3"
LOC = "D1"
connection
LOC = "B9"

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

IOSTANDARD =

SSTL2_I
SSTL2 I
SSTL2_ I
SSTL2 I
SSTL2 T
SSTL2 T
SSTL2_I

SSTL2_ I
SSTL2 I
SSTL2 T
SSTL2 T
SSTL2_I
SSTL2_ I

to top DCM connection

IOSTANDARD

LVCMOS33

7
7
7
I
7
7

7

7
I
7
7
7

7

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

Reserve FPGA VREF Pins

Five pins in I/O Bank 3 are dedicated as voltage reference inputs, VREF. These pins cannot
be used for general-purpose 1/O in a design. Prohibit the software from using these pins
with the constraints provided in Figure 13-5.

# Prohibit VREF pins
CONFIG PROHIBIT
CONFIG PROHIBIT
CONFIG PROHIBIT
CONFIG PROHIBIT
CONFIG PROHIBIT

Related Resources

Xilinx Embedded Design Kit (EDK)

= D2;
= G4;
= J6;
= L5;
= R4;

http:/ /www.xilinx.com/tools/platform.htm

MT46V32M16 (32M x 16) DDR SDRAM Data Sheet

Figure 13-5: UCF Location Constraints for StrataFlash Control Pins

http:/ /download.micron.com/pdf/datasheets/dram/ddr/512MBDDRx4x8x16.pdf

MicroBlaze OPB Double Data Rate (DDR) SDRAM Controller (v2.00b)

http:/ /www.xilinx.com/support/documentation/ip_documentation/opb_ddr.pdf
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10/100 Ethernet Physical Layer Interface

The Spartan®-3E FPGA Starter Kit board includes a Standard Microsystems LAN83C185
10/100 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 (J19)

SMSC LAN83C185 10/100 Ethernet PHY

25 MHz Crystal UG230_c14_01_022706
Figure 14-1:  10/100 Ethernet PHY with RJ-45 Connector
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Ethernet PHY Connections

The FPGA connects to the LAN83C185 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.

Spartan-3E FPGA

SMSC LAN83C185
10/100 Ethernet PHY

E_TXD<3:0>

See Table B TXD[3:0]
(P15 | ETXEN TX_EN
(R4) | —E-TXD<4> TXD4/TX_ER
(7 |_ETX CLK TX_CLK
See Table 202 | AXD[3:0] -~
(v2)|-__E_RX DV RX_DV
(U14) |« E-RXD<4> RXD4/RX_ER
v3) |__E_RX CLK RX_CLK
(U13) Z_z:i CRS ——I—E 25.000 MHz
(U6) = COL
(pe)|__E_MDC MDC
(US) |-_E_MDIO MDIO

UG230_c14_02_022706

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

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

Signal Name F:fr:bzirn Function
E_TXD<4> R6 Transmit Data to the PHY. E_TXD<4> is also the MII
E TXD<3> T5 Transmit Error.
E_TXD<2> R5
E_TXD<1> T15
E_TXD<0> R11
E_TX_EN P15 Transmit Enable.
E_TX_CLK T7 Transmit Clock. 25 MHz in 100Base-TX mode, and 2.5 MHz
in 10Base-T mode.
E_RXD<4> Ul14 Receive Data from PHY.
E_RXD<3> V14
E_RXD<2> Ul
E_RXD<1> T11
E_RXD<0> V8
E_RX_DV \ Receive Data Valid.
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Table 14-1: FPGA Connections to the LAN83C185 Ethernet PHY (Continued)

Signal Name Fhll:fn?bzirn Function
E_RX_CLK V3 Receive Clock. 25 MHz in 100Base-TX mode, and 2.5 MHz in
10Base-T mode.
E_CRS U13 Carrier Sense
E_COL U6 MII Collision Detect.
E_MDC P9 Management Clock. Serial management clock.
E_MDIO U5 Management Data Input/Output.

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, as shown in Figure 14-3.
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.

& Base System Builder - Configure Additional ID Interfaces

The following external memon and 10 devices were found on your board:
#iling Spartan-3E Starter Board A evizion C

Pleaze select the 10 devices which vou would like to use:

|0 devices

v DDR_SDRARM_1EM=1E

Data Sheet
Peripheral | OPE DDR | Note
[w Ethemest_MAC

Data Sheet
Peripheral: | OPE ETHERMET ﬂ L?j Mote

{JPE ETHERMET
DA Pred OPE ETHERMETLITE

& Mo DM,

UG230_c14_03_022706

Figure 14-3: Ethernet MAC IP Cores for the Spartan-3E Starter Kit Board

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 bus clock frequency
must be 65 MHz or higher for 100 Mbps Ethernet operations and 6.5 MHz or faster for

10 Mbps Ethernet operations.

Spartan-3E FPGA Starter Kit Board User Guide www.xilinx.com 113
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

SIXILINX®

Chapter 14: 10/100 Ethernet Physical Layer Interface

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:

http:/ /www.xilinx.com/products/ipcenter/OPB_10_100_Lite.htm

UCF Location Constraints

Figure 14-4 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 = "Ue" | IOSTANDARD = LVCMOS33 ;

NET "E_CRS" LOC = "u13" | IOSTANDARD = LVCMOS33 ;

NET "E_MDC" LOC = "po" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
NET "E_MDIO" LOC "gs" | IOSTANDARD LVCMOS33 | SLEW SLOW | DRIVE =
NET "E RX CLK" LOC "w3n | IOSTANDARD LVCMOS33 ;

NET "E _RX DV" LOC "van | IOSTANDARD LVCMOS33 ;

NET "E_RXD<O0>" LOC "vgn | IOSTANDARD LVCMOS33 ;

NET "E_RXD<1>" LOC "Tiin | IOSTANDARD LVCMOS33 ;

NET "E_RXD<2>" LOC "giin | IOSTANDARD LVCMOS33 ;

NET "E_RXD<3>" LOC "v1i4" | IOSTANDARD LVCMOS33 ;

NET "E RXD<4>" LOC "gl4n | IOSTANDARD LVCMOS33 ;

NET "E _TX CLK" LOC AV | IOSTANDARD LVCMOS33 ;

NET "E_TX EN" LOC "p15" | IOSTANDARD LVCMOS33 | SLEW SLOW DRIVE = 8 ;
NET "E_TXD<0>" LOC "R11" | IOSTANDARD LVCMOS33 | SLEW SLOW DRIVE = 8 ;
NET "E_TXD<1>" LOC "T15" | IOSTANDARD LVCMOS33 | SLEW SLOW DRIVE = 8 ;
NET "E_TXD<2>" LOC "R5" | IOSTANDARD LVCMOS33 | SLEW SLOW DRIVE 8 ;
NET "E TXD<3>" LOC "T5" | IOSTANDARD LVCMOS33 | SLEW SLOW DRIVE 8 ;
NET "E TXD<4>" LOC "R6" | TIOSTANDARD LVCMOS33 | SLEW SLOW DRIVE 8 ;

Figure 14-4: UCF Location Constraints for 10/100 Ethernet PHY Inputs

Related Resources
* Standard Microsystems SMSC LAN83C185 10/100 Ethernet PHY
http:/ /www.smsc.com/main/catalog/lan83c185.html

e Xilinx OPB Ethernet Media Access Controller (EMAC) (v1.02a)

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/tools/embedded.htm
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Expansion Connectors

The Spartan®-3E FPGA Starter Kit board provides a variety of expansion connectors for
easy interface flexibility to other off-board components. The board includes the following
I/O expansion headers (see Figure 15-1):

¢ A Hirose 100-pin edge connector with 43 associated FPGA user-I/0O pins, including
up to 15 differential LVDS I/O pairs and two Input-only pairs
e Three 6-pin Peripheral Module connections

¢ Landing pads for an Agilent or Tektronix connectorless probe

Jumper JP9, /0 Bank 0 Voltage ;
Default is 3.3V, set to 2.5V for differential 1/0 +

Hirose 100-pin FX2 Connector, J3
43 1/0 connections, high-performance

L XILINX
-- 5mnfﬁ:—;:z.5 kd

T T R TR R

J1 6-pin Accessory Header

-~

J2 6-pin Accessory Header

J6 Probe Landing Pads
Connectorless logic analyzer probes

J4 6-pin Accessory Header UG230_c12_01_030606

Figure 15-1: Expansion Headers

Hirose 100-pin FX2 Edge Connector (J3)

A 100-pin edge connector is located along the right edge of the board (see Figure 15-1). 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. All but five of
these pins are true, bidirectional I/O pins capable of driving or receiving signals. Five pins,
FX2_IP<38:35> and FX2_IP<40> are Input-only pins on the FPGA. These pins are
highlighted in light green in Table 15-1 and cannot drive the FX2 connector but can receive
signals.
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Hirose 100-pin Expansion

Spartan-3E FPGA Connector (J3)
FX2_10<34:1
(See Table) [« — =" »|(See Table)
FX2_IP<38:35>
(See Table) [« (See Table)
(C3) FX2_10<39> (A44)
(C15) FX2_IP<40> (A.45)
(E10) FX2 CLKIN | & 46
(D10) FX2_CLKOUT (A.47)
(D9) FX2_CLKIO (B.48)
Bank 0 Supply
(JP9)
2,5V [] 3.3V
5.0V —
GND —

UG230_c12_02_022406

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.

Voltage Supplies to the Connector

The Spartan-3E 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.

A separate supply provides the same voltage at that applied to the FPGA’s I/O Bank 0. All
FPGA 1/0Os that interface to the Hirose connector are in Bank 0. The I/O Bank 0 supply is
3.3V by default. However, the voltage level can be changed to 2.5V using jumper JP9. Some
FPGA 1I/0 standards—especially the differential standards such as RSDS and LVDS—
require a 2.5V output supply voltage.

To support high-speed signals across the connector, 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.

Table 15-1 also highlights the shared connections to the eight discrete LEDs, the three 6-pin
Accessory Headers (J1, ]2, and J4), and the connectorless debugging header (J6).

116 www.xilinx.com Spartan-3E FPGA Starter Kit Board User Guide
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

SXILINX®

Hirose 100-pin FX2 Edge Connector (J3)

Table 15-1: Hirose 100-pin FX2 Connector Pinout and FPGA Connections (J3)

Shared Header Connections FX2 Connector
Signal Name FPGA Pin A B FPGA Pin| Signal Name
LED | J1 | J2 | JP4 | J6 (top) | (bottom)
VCCO_0 1 1 SHIELD
VCCO_0 2 2 GND
TMS_B 3 3 TDO_XC2C
JTSEL 4 4 TCK_B
TDO_FX2 5 5
FX2_101 B4 * * 6 6
FX2_102 A4 * * 7 7
FX2_103 D5 * * 8 8
FX2_104 C5 * * 9 9
FX2_105 A6 L 4 * 10 10
FX2_106 B6 * * 11 11
FX2_107 E7 * * 12 12
FX2_108 F7 * * 13 13
FX2_109 D7 * * 14 14
FX2_1010 Cc7 * * 15 15
FX2_I011 F8 * * 16 16
FX2_1012 E8 * * 17 17
FX2_1013 F9 LD7 * 18 18
FX2_1014 E9 LDé6 * 19 19
FX2_1015 D11 LD5 L 2 20 20
FX2_1016 c1 LD4 * 21 21
FX2_1017 F11 LD3 * 22 22
FX2_1018 E11 LD2 * 23 23
FX2_1019 E12 LD1 24 24
FX2_1020 F12 LDO 25 25
FX2_1021 Al3 26 26
FX2_1022 B13 27 27
FX2_1023 Al4 28 28
FX2_1024 B14 29 29
FX2_1025 Cl4 30 30
FX2_1026 D14 31 31
FX2_1027 Alé 32 32
FX2_1028 B16 33 33
FX2_1029 E13 34 34
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Table 15-1: Hirose 100-pin FX2 Connector Pinout and FPGA Connections (J3) (Continued)

Shared Header Connections FX2 Connector

Signal Name FPGA Pin A B FPGA Pin
LED | J1 | J2 | JP4 | J6
(top) | (bottom)

FX2_1030 C4 35 35 GND GND
FX2_1031 B11 36 36 GND GND
FX2_1032 All 37 37 GND GND
FX2_1033 A8 38 38 GND GND
FX2_1034 G9 39 39 GND GND
FX2_IP35 D12 40 40 GND GND
FX2_IP36 C12 41 41 GND GND
FX2_IP37 Al5 42 42 GND GND
FX2_IP38 B15 43 43 GND GND
FX2_1039 C3 44 44 GND GND
FX2_1P40 C15 45 45 GND GND

Signal Name

GND GND 46 46 E10 FX2_CLKIN
FX2_CLKOUT D10 47 47 GND GND

GND GND 48 48
5.0V 49 49
5.0V 50 50

FX2_CLKIO

5.0V
SHIELD

Compatible Board

The following board is compatible with the FX2 connector on the Spartan-3E Starter Kit
board:

. VDECl Video Decoder Board from Digilent, Inc
: : X D

Mating Receptacle Connectors

The Spartan-3E 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.

Differential 1/0

The Hirose FX2 connector, header J3, supports up to 15 differential I/O pairs and two
input-only pairs using either the LVDS or RSDS 1/0O standards, as listed in Table 15-2. All
170 pairs support differential input termination (DIFF_TERM) as described in the
Spartan-3E data sheet. Select pairs have optional landing pads for external termination
resistors.

These signals are not routed with matched differential impedance, as would be required
for ultimate performance. However, all traces have similar lengths to minimize skew.
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Hirose 100-pin FX2 Edge Connector (J3)

Table 15-2: Differential I/0 Pairs

External
Differential Pair Signal Name FPGA Pins| FPGA Pin Name | Direction DIFF_TERM Resistor
Designator
. FX2_101 B4 I0_L24N_0 1/0 Yes
FX2_102 A4 10_1.24P_0 1/0 Yes
) FX2_103 D5 I0_L23N_0 1/0 Yes
FX2_104 C5 I0_1L23P_0 1/0 Yes
3 FX2_105 A6 IO_L20N_0 1/0 Yes
FX2_106 B6 I0_L20P_0 1/0 Yes
A FX2_107 E7 IO_L19N_0 1/0 Yes
FX2_108 F7 I0_L19P_0 1/0 Yes
5 FX2_109 D7 IO_L18N_0 1/0 Yes
FX2_1010 Cc7 I0_L18P_0 1/0 Yes
6 FX2_1011 E8 IO_L17N_0 1/0 Yes
FX2_1012 E8 I0_L17P_0 1/0 Yes
; FX2_1013 F9 IP_L15N_0 1/0 Yes
FX2_1014 E9 IP_L15P_0 1/0 Yes
g FX2_1015 D11 IP_LO9N_0 1/0 Yes
FX2_1016 C11 IP_L09P_0 1/0 Yes
FX2_1017 F11 IO_LO08N_0 1/0 Yes
9 R202
FX2_1018 El1 I0_L08P_0 1/0 Yes
FX2_1019 E12 I0_L06N_0 1/0 Yes
10 R203
FX2_1020 F12 I0_L06P_0 1/0 Yes
FX2_1021 Al13 IO_LO05P_0 1/0 Yes
11 R204
FX2_1022 B13 IO_LO5N_0 1/0 Yes
FX2_1023 Al4 IO_L04N_0 1/0 Yes
12 R205
FX2_1024 B14 I0_L04P_0 1/0 Yes
FX2_1025 Cl4 IO_LO3N_0 1/0 Yes
13 R206
FX2_1026 D14 IO_LO3P_0 1/0 Yes
FX2_1027 Al6 IO_LOIN_O 1/0 Yes
14 R207
FX2_1028 B16 I0_LO01P_0 1/0 Yes
FX2_IP35 D12 IP_LO7N_0O Input
15 R208
FX2_IP36 C12 IP_LO7P_0 Input
FX2_IP37 A15 IP_L02N_0 Input
16 R209
FX2_IP38 B15 IP_L02P_0 Input
IO_L1IN_0/
FX2_CLKIN E10 GCLK5 I/0 Yes
17 I0_L11P_0/ K210
FX2_CLKOUT D10 (—; CLKZL I/0 Yes
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Using Differential Inputs

LVDS and RSDS differential inputs require input termination. Two options are available.
The first option is to use external termination resistors, as shown in Figure 15-3a. The
board provides landing pads for external 1002 termination resistors. The resistors are not
loaded on the board as shipped. The resistor reference designators are labeled on the
silkscreen, as listed in Table 15-2. The landing pads are located on both the top- and
bottom-side of the board, between the FPGA and the FX2 connector. The resistors are not
loaded on the board as shipped. External termination is always required when using
differential input pairs 15 and 16.

The second option, shown in Figure 15-3b, is a Spartan-3E FPGA feature called on-chip
differential termination, which uses the DIFF_TERM attribute available on differential 1/O
signals. Each differential I/O pin includes a circuit that behaves like an internal
termination resistor of approximately 120€Q. On-chip differential termination is only
available on I/O pairs, not on Input-only pairs like pairs 15 and 16 in Table 15-2.

Pads for 100Q2 Differential termination

surface mount resistor f (~1209)
LxxN 0 LxxN LxxN_.O | PAD
Signal Signal
LxxP 0 LxxP 0 |

a) External 100Q2 termination resistor  b) On-chip differential termination

UG230_c12_03_022406

Figure 15-3: Differential Input Termination Options

Figure 15-4 and Figure 15-5 show the locations of the differential input termination resistor
landing pads on the top and bottom side of the board. Table 15-2 indicates which resistor is
associated with a specific differential pair.
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Figure 15-4: Location of Termination Resistor Pads on Top Side of Board
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Figure 15-5: Location of Termination Resistor Pads on Bottom Side of Board

Using Differential Outputs

Differential input signals do not require any special voltage. LVDS and RSDS differential
outputs signals, on the other hand, require a 2.5V supply on I/O Bank 0. The board
provides the option to power I/O Bank 0 with either 3.3V or 2.5V. Figure 15-1, page 115
highlights the location of jumper JP9.

If using differential outputs on the FX2 connector, set jumper JP9 to 2.5V. If the jumper is
not set correctly, the outputs switch correctly but the signal levels are out of specification.

D
LxxN_0
Signal LxxP_0

UG230_c12_06_022406

Figure 15-6: Differential Outputs

UCF Location Constraints

Figure 15-7 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. These header connections are shared with the 6-pin accessory headers, as
shown in Figure 15-11, page 124.
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# ==== FX2 Connector (FX2) ====

NET "FX2_ CLKIN" LOC = "E10" | IOSTANDARD = LVCMOS33 ;

NET "FX2 CLKIO" LOC = "D9" ‘ IOSTANDARD = LVCMOS33 | SLEW = FAST ‘ DRIVE = 8 ;
NET "FX2_ CLKOUT" LOC = "D10O" | IOSTANDARD = LVCMOS33 ‘ SLEW = FAST | DRIVE = 8 ;
# These four connections are shared with the J1 6-pin accessory header

NET "FX2 IO<1>" LOC = "B4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<2>" LOC = "A4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<3>" [LOC = "D5" \ IOSTANDARD = LVCMOS33 | SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IO<4>" TLOC = "C5" ‘ IOSTANDARD = LVCMOS33 | SLEW = FAST ‘ DRIVE = 8 ;
# These four connections are shared with the J2 6-pin accessory header

NET "FX2 IO<5>" LOC = "A6" | IOSTANDARD = LVCMOS33 \ SLEW = FAST | DRIVE = 8 ;
NET "FX2 I0<6>" LOC = "B6" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<7>" LOC = "E7" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2_IO<8>" LOC = "F7" | IOSTANDARD = LVCMOS33 | SLEW = FAST \ DRIVE = 8 ;
# These four connections are shared with the J4 6-pin accessory header

NET "FX2 IO<9>" [LOC = "D7" ‘ IOSTANDARD = LVCMOS33 | SLEW = FAST ‘ DRIVE = 8 ;
NET "FX2 IO<10>" LOC = "C7" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<11l>" LOC = "F8" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<12>" LOC = "E8" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
# The discrete LEDs are shared with the following 8 FX2 connections

#NET "FX2_I0<13>" LOC = "F9" | IOSTANDARD = LVCMOS33 \ SLEW = FAST | DRIVE = 8 ;
#NET "FX2_ IO0<14>" LOC = "E9" | IOSTANDARD = LVCMOS33 ‘ SLEW = FAST | DRIVE = 8 ;
#NET "FX2 IO<15>" LOC = "DI11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
#NET "FX2 IO<1l6>" LOC = "CI11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
#NET "FX2_IO<17>" LOC = "F11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
#NET "FX2_ I0<18>" LOC = "E11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
#NET "FX2_I0<19>" LOC = "E12" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
#NET "FX2_ I0<20>" LOC = "F12" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<21>" LOC = "Al3" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IO<22>" LOC = "B13" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 I0<23>" LOC = "Al4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 I0O<24>" LOC = "B14" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IO<25>" LOC = "C14" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IO<26>" LOC = "D14" | IOSTANDARD = LVCMOS33 ‘ SLEW = FAST ‘ DRIVE = 8 ;
NET "FX2 IO<27>" LOC = "Ale" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IO<28>" LOC = "Bl6" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 I0<29>" LOC = "E13" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<30>" LOC = "C4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<31>" LOC = "B11l" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IO<32>" LOC = "All" | IOSTANDARD = LVCMOS33 ‘ SLEW = FAST ‘ DRIVE = 8 ;
NET "FX2 IO<33>" LOC = "A8" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IO<34>" LOC = "G9" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IP<35>" LOC = "D12" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IP<36>" LOC = "Cl2" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IP<37>" LOC = "Al5" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;
NET "FX2 IP<38>" LOC = "B15" | IOSTANDARD = LVCMOS33 ‘ SLEW = FAST ‘ DRIVE = 8 ;
NET "FX2 IO<39>" LOC = "C3" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
NET "FX2 IP<40>" LOC = "C15" | IOSTANDARD = LVCMOS33 \ SLEW = FAST \ DRIVE = 8 ;

Figure 15-7: UCF Location Constraints for Accessory Headers
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Six-Pin Accessory Headers

The 6-pin accessory headers provide easy I/O interface expansion using the various
Digilent Peripheral Modules (see “Related Resources,” page 126). The location of the 6-pin
headers is provided in Figure 15-1, page 115.

Header J1

The J1 header, shown in Figure 15-8, is the top-most 6-pin connector along the right edge of
the board. It uses a female 6-pin 90° socket. Four FPGA pins connect to the J1 header,
FX2_IO<4:1>. These four signals are also shared with the Hirose FX2 connector. The board
supplies 3.3V to the accessory board mounted in the J1 socket on the bottom pin.

Spartan-3E FPGA J1
(B4) FX2 101

FX2_102

(A4)
(D5)
(C9)

FX2_103
FX2_104

GND —*

_ | Imninn

3.3V—>

UG230_c12_07_022406

Figure 15-8: FPGA Connections to the J1 Accessory Header

Header J2

The ]2 header, shown in Figure 15-9, is the bottom-most 6-pin connector along the right
edge of the board. It uses a female 6-pin 90° socket. Four FPGA pins connect to the ]2
header, FX2_I0<8:5>. These four signals are also shared with the Hirose FX2 connector.
The board supplies 3.3V to the accessory board mounted in the J2 socket on the bottom pin.

Spartan-3E FPGA J2
FX2_105

(A8) p———1 |

(B6) FX2_106 l:l

(E7) FX2_107 EI
FX2_108

-2 08|

ano

3.3V _'

UG230_c12_08_022406

Figure 15-9: FPGA Connections to the J2 Accessory Header
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Header J4

The J4 header, shown in Figure 15-10, is located immediately to the left of the J1 header. It
uses a 6-pin header consisting of 0.1-inch centered stake pins. Four FPGA pins connect to
the J4 header, FX2_10<12:9>. These four signals are also shared with the Hirose FX2

connector. The board supplies 3.3V to the accessory board mounted in the J4 socket on the

bottom pin.

Spartan-3E FPGA J4

(D7) FX2_109 I:I

(C7) FX2_1010 I:I

(F8) FX2_1011 [I

(E8) FX2 1012 [:]

a0~

3.3v —+li

UG230_c12_09_022406

Figure 15-10: FPGA Connections to the J4 Accessory Header

UCF Location Constraints

Figure 15-11 provides the User Constraint File (UCF) constraints for accessory headers,
including the I/O pin assignment and the I/O standard used. These header connections
are shared with the FX2 connector, as shown in Figure 15-7, page 122.

# ==== 6-pin header J1 ====

# These four connections are shared with the FX2 connector

NET "Jl<O0>" LOC = "B4" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "Jl<1l>" ©LOC = "A4" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "Jl<2>" ©LOC = "D5" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J1<3>" ©LOC = "C5" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
# ==== 6-pin header J2 ====

# These four connections are shared with the FX2 connector

NET "J2<0>" ©LOC = "A6" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J2<1>" ©LOC = "B6" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J2<2>" LOC = "E7" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J2<3>" ©LOC = "F7" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
# ==== 6-pin header J4 ====

# These four connections are shared with the FX2 connector

NET "J4<0>" ©LOC = "D7" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J4<1>" ©LOC = "C7" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J4<2>" LOC = "F8" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
NET "J4<3>" LOC = "E8" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;

Figure 15-11: UCF Location Constraints for Accessory Headers
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Connectorless Debugging Port Landing Pads (J6)

Landing pads for a connectorless debugging port are provided as header J6, shown in
Figure 15-1, page 115. 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’s 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.
Refer to “Related Resources,” page 126 for more information on the ChipScope Pro tool,
probes, and connectors.

Table 15-3 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 (J3) and the 6-pin accessory port connectors (J1, J2, and J4). See Table 15-1,
page 117 for more information on how these pins are shared.

Table 15-3: Connectorless Debugging Port Landing Pads (J6)

UG230 (v1.2) January 20, 2011

Signal Name | FPGA Pin i::gf:f;'ﬁ: FPGA Pin | Signal Name
FX2_101 B4 Al Bl GND GND
FX2_102 Ad A2 B2 D5 FX2_103

GND GND A3 B3 C5 FX2_104
FX2_I05 A6 Ad B4 GND GND
FX2_106 B6 A5 B5 E7 FX2_107

GND GND A6 B6 F7 FX2_108
FX2_109 D7 A7 B7 GND GND
FX2_1010 C7 A8 B8 F$ FX2_IO11

GND GND A9 B9 E8 FX2_1012
FX2_1013 F9 A10 B10 GND GND
FX2_1014 E9 All Bl1 D11 FX2_1015

GND GND A12 B12 Cl1 FX2_1016

FX2_1017 F11 Al3 B13 GND GND
FX2_1018 Ell Ald Bl4
A15 B15
Al6 B16
A17 B17
A18 B18
A19 B19
A20 B20
A21 B21
A22 B22
A23 B23
A24 B24
A25 B25
A26 B26
A27 B27
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Related Resources

e Hirose connectors

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

e FX2 Series Connector Data Sheet
http://www.hirose.co.jp/cataloge hp/e57220088.pdf

¢ Digilent, Inc. Peripheral Modules
http:/ /www.digilentinc.com /Products/Catalog.cfm?NavPath=2,401&Cat=9

¢ Xilinx ChipScope Pro Tool
http:/ /www.xilinx.com/tools/cspro.htm

e Agilent B4655A FPGA Dynamic Probe for Logic Analyzer
http:/ /cp.literature.agilent.com /litweb /pdf/5989-0423EN.pdf

e Agilent 5404A/6A Pro Series Soft Touch Connector
http:/ /www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng&pageMode=0O
V&pid=4303628&ct=PRODUCT&id=430362

¢ Tektronix P69xx Probe Modules with D-Max Technology

http:/ /www.tek.com/products/accessories /logic-probe.html
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Chapter 16

XC2C64A CoolRunner-11 CPLD

The Spartan®-3E FPGA Starter Kit board includes a Xilinx XC2C64A CoolRunner™-II
CPLD. The CPLD is user programmable and available for customer applications. Portions
of the CPLD are reserved to coordinate behavior between the various FPGA configuration
memories, namely the Xilinx Platform Flash PROM and the Intel StrataFlash PROM.
Consequently, the CPLD must provide the following functions in addition to the user
application.

¢  When the FPGA is in the Master Serial configuration mode (FPGA_M<2:0>=000),
generate an active-Low enable signal for the XCF04S Platform Flash PROM. The
Platform Flash PROM is disabled in all other configuration modes. The CPLD helps
reduce the number of jumpers on the board and simplifies the interaction of all the
possible FPGA configuration memory sources.

e  When the FPGA is actively in the BPI-Up configuration mode (FPGA_M<2:0>=010,
DONE=0), set the upper five StrataFlash PROM address lines, A[24:20], to 00000
binary. When the FPGA is actively in the BPI-Down configuration mode
(FPGA_M<2:0>=011, DONE=0), set the upper five StrataFlash PROM address lines,
A[24:20], to 11111 binary. Set the upper five address lines to ZZZZZ for all non-BPI
configuration modes or whenever the FPGA’s DONE pin is High. This behavior is
identifical to the way the FPGA’s upper address lines function during BPI mode. So
why add a CPLD to mimic this behavior? A future reference design demonstrates
unique configuration capabilities. In a typical BPI-mode application, the CPLD is not
required.

Other than the required CPLD functionality, there are between 13 to 21 user-I/O pins and
58 remaining macrocells available to the user application.

Jumper JP10 (WDT_EN) defines the state on the CPLD’s XC_WDT_EN signal. By default,
this jumper is empty and the signal is pulled to a logic High.

The XC_PROG_B output from the CPLD, if used, must be configured as an open-drain out
(i.e., either actively drives Low or floats to Hi-Z, never drives High). This signal connects
directly to the FPGA’s PROG_B programming pin.

The most-significant StrataFlash PROM address bit, SF_A<24>, is the same as the FX2
connector signal called FX2_I0<32>. The 16 Mbyte StrataFlash PROM only physically uses
the lower 24 bits, SF_A<23:0>. The extra address bit, SF_A<24>, is provided for upward
density migration for the StrataFlash PROM.
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XC D<1> M[20]=000
(F18) [ —— »-(P34) XCF04S o
Platform Flash PROM
(G16) [ 220> »|(P33)
(T10) | FEGA M2 »|(Ps)
(V11) FPGA_M1 »| (P6) (P2) XC_PF_CE CE
(M10) | FPGA_MO »| (P5)
(D10) XC_CPLD_EN »| (P42)
(R17) | XC-TRIG (P4)
DONE XC_DONE »| (P40)
PROG_B|4XC-PROG.B |5
(H16) [-& XC_GCKO - (P43)
(Co) | S0 > (P1) . o
SPI SCK During Configuration:
(U16) |- = | (P44) BPI Up:  A[24:20]=00000
SE Acode BPI Down: A[24:20]=11111
(A11) [—— <<t - (P23) After Configuration or Other Modes:
SF A<23> / A[24:20]=227Z
(N11) |t—= | (P22)
F_A<22
(v12) |aSF-A<22> > (P21)
SF A<21> Intel StrataFlash
(V13) [a——= »-| (P20)
F_A<2
(T12) | SF=A<20> > (P19)
A[23:20] P A[24:20]
SF_A<19:0>
A[19:0] L - P A[19:0]
A[23:20] Unconnected UG230_016_01_030906
Figure 16-1: XC2C64A CoolRunner-ll CPLD Controls Master Serial and BPI Configuration Modes
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UCF Location Constraints

UCF Location Constraints

There are two sets of constraints listed below—one for the Spartan-3E FPGA and one for the
XC2C64A CoolRunner-1I CPLD.

FPGA Connections to CPLD

Figure 16-2 provides the UCF constraints for the FPGA connections to the CPLD,

including the I/O pin assighment and the I/O standard used.

CPLD

NET "XC_CMD<1>" LOC
NET "XC_CMD<O0>" LOC
NET "XC_D<2>" LOC
NET "XC_D<1>" LOoC
NET "XC_D<0>" LOC
NET "FPGA_M2" LOoC
NET "FPGA M1" LOoC
NET "FPGA_MO" LOC
NET "XC_CPLD EN" LOC
NET "XC_TRIG" LOC
NET "XC_GCKO" LoC
NET "GCLK10" LOC
NET "SPI_SCK" LOC
# SF A<24> is the same
NET "SF_A<24>" LOC
NET "SF_A<23>" LOC
NET "SF_A<22>" LOC
NET "SF_A<21>" LOoC
NET "SF _A<20>" LOoC

"N18" | IOSTANDARD =
"P18" | IOSTANDARD
"F17" | IOSTANDARD =
"F18" | IOSTANDARD =
"Gl6" | IOSTANDARD =
"T10" | IOSTANDARD =
"V11l" | IOSTANDARD =
"M10" | IOSTANDARD
"B10" | IOSTANDARD =
"R17" | IOSTANDARD =
"H16" | IOSTANDARD =
"C9" | IOSTANDARD =
"Ul6" | IOSTANDARD =
as FX2 I0<32>

"A11l" | IOSTANDARD =
"N11" | IOSTANDARD =
"y12" | IOSTANDARD =
"V13" | IOSTANDARD
"T12" | IOSTANDARD =

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE

DRIVE =

DRIVE

DRIVE =

DRIVE
DRIVE
DRIVE
DRIVE
DRIVE

1
[N N N N NN R NN

[T
INENNEN

1
NN NS

SLEW =

SLEW

SLEW =
SLEW =
SLEW =
SLEW =
SLEW =

SLEW

SLEW =

SLEW =
SLEW =
SLEW =

SLEW =
SLEW =
SLEW =

SLEW

SLEW =

SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW

SLOW
SLOW
SLOW

SLOW
SLOW
SLOW
SLOW
SLOW

Figure 16-2: UCF Location Constraints for FPGA Connections to CPLD

Figure 16-3 provides the UCF constraints for the CPLD , including the I/O pin assignment

and the I/O standard used.

NET "XC_WDT EN" LOC
NET "XC_CMD<1>" LOC
NET "XC_CMD<0>" LOC
NET "XC_D<2>" LocC
NET "XC_D<1>" LOoC
NET "XC D<0>" LOoC
NET "FPGA_M2" LOC
NET "FPGA M1" LOoC
NET "FPGA_MO" LocC
NET "XC_CPLD_EN" LOC
NET "XC_TRIG" LocC
NET "XC_DONE" LOC
NET "XC_PROG B" LOC
NET "XC_GCKO" LOC
NET "GCLK10" LOC
NET "SPI_SCK" LocC
# SF_A<24> is the same
NET "SF_A<24>" LOoC
NET "SF_A<23>" LOC
NET "SF_A<22>" LOoC
NET "SF_A<21>" LocC
NET "SF_A<20>" LOoC
Figure 16-3:

"P16" | IOSTANDARD
"P30" | IOSTANDARD =
"P29" | IOSTANDARD =
"P36" | IOSTANDARD =
"P34" | IOSTANDARD =
"P33" | IOSTANDARD =
"P8" | IOSTANDARD
"P6" | IOSTANDARD =
"P5" | IOSTANDARD =
"pP42" | IOSTANDARD =
"P41" | IOSTANDARD =
"P40" | IOSTANDARD
"P39" | IOSTANDARD =
"P43" | IOSTANDARD =
"P1" | IOSTANDARD =
"P44" | IOSTANDARD
as FX2 I0<32>

"P23" | IOSTANDARD
"p22" | IOSTANDARD =
"p21" | IOSTANDARD =
"P20" | IOSTANDARD =
"P19" | IOSTANDARD =

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33
LVCMOS33

SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =
SLEW =

SLEW =
SLEW =
SLEW =
SLEW =
SLEW =

SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW

SLOW
SLOW
SLOW
SLOW
SLOW
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Chapter 16: XC2C64A CoolRunner-Il CPLD & XILINX®

Related Resources
¢ CoolRunner-II CPLD Family Data Sheet
http:/ /www.xilinx.com /support/documentation /data_sheets/ds090.pdf
e XC2C64A CoolRunner-II CPLD Data Sheet
http:/ /www.xilinx.com /support/documentation/data_sheets/ds311.pdf
¢ Default XC2C64A CPLD Design for Spartan-3E Starter Kit Board

http:/ /www.xilinx.com /s3estarter
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& XILINX®
Chapter 17

DS$2432 1-Wire SHA-1 EEPROM

The Spartan®-3E FPGA Starter Kit board includes a Maxim DS2432 serial EEPROM with
an integrated SHA-1 engine. As shown in Figure 17-1, the D52432 EEPROM uses the
Maxim 1-Wire interface, which as the name implies, cleverly uses a single wire for power
and serial communication.

The DS2432 EEPROM offers one of many possible means to copy-protect the FPGA
configuration bitstream, making cloning difficult. Xilinx application note XAPP780, listed
under “Related Resources” provides one possible implementation method.

3.3V

Maxim DS2432
Spartan-3E FPGA SHA-1 EEPROM
(U4) DS_WIRE

GND

>

UG230_c17_01_030906

Figure 17-1: SHA-1 EEPROM

UCF Location Constraints

Figure 17-2 provides the UCF constraints for the FPGA connections to the DS2432 SHA-1
EEPROM, including the I/O pin assignment and the I/O standard used.

NET "DS_WIRE" LOC = "U4" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;

Figure 17-2: UCF Location Constraints for DS2432 SHA-1 EEPROM

Related Resources
e Maxim DS2432 1-Wire EEPROM with SHA-1 Engine
http:/ /www.maxim-ic.com/quick_view2.cfm/qv_pk/2914

e XAPP780: FPGA IFF Copy Protection Using Dallas Semiconductor/Maxim DS2432 Secure
EEPROM:s

http:/ /www.xilinx.com /support/documentation /application_notes/xapp780.pdf
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Appendix A

Schematics

This appendix provides the following circuit board schematics:

“FX2 Expansion Header, 6-pin Headers, and Connectorless Probe Header”
“RS-232 Ports, VGA Port, and PS/2 Port”

“Ethernet PHY, Magnetics, and RJ-11 Connector”

“Voltage Regulators”

“FPGA Configurations Settings, Platform Flash PROM, SPI Serial Flash, JTAG
Connections”

“FPGA 1I/0 Banks 0 and 1, Oscillators”

“FPGA 1/0 Banks 2 and 3”

“Power Supply Decoupling”

“XC2C64A CoolRunner-11 CPLD”

“Linear Technology ADC and DAC ”

“Intel StrataFlash Parallel NOR Flash Memory and Micron DDR SDRAM ”
“Buttons, Switches, Rotary Encoder, and Character LCD ”

“DDR SDRAM Series Termination and FX2 Connector Differential Termination”

Spartan-3E FPGA Starter Kit Board User Guide www.xilinx.com
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Appendix A: Schematics X XILINX®

FX2 Expansion Header, 6-pin Headers, and Connectorless Probe
Header

Headers J1, ]2, and J4 are six-pin connectors compatible with the Digilent Accessory board
format.

Headers J3A and J3B are the connections to the FX2 expansion connector located along the
right edge of the board.

Header J5 provides the four analog outputs from the Digital-to-Analog Converter (DAC).
Header J6 is the landing pad for an Agilent or Tektronix connectorless probe.

Header J7 provides the two analog inputs to the programmable pre-amplifier (AMP) and
two-channel Analog-to-Digital Converter (ADC).

The diagram in the lower left corner shows the JTAG chain.

See Chapter 15, “Expansion Connectors,” for additional information.
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Appendix A: Schematics X XILINX®

RS-232 Ports, VGA Port, and PS/2 Port

IC2 is the Maxim LVTTL to RS-232 level converter. One of the serial channels connects to a
female DB9 DCE connector (J9) and the other connects to a male DB9 DTE connector (J10).
See Chapter 7, “RS-232 Serial Ports,” for additional information.

Connector J14 is a PS/2-style mouse/keyboard connector, powered from 5 volts. See
Chapter 8, “PS/2 Mouse/Keyboard Port,” for additional information.

Connector J15 is a VGA connector, suitable for driving most VGA-compatible monitors
and flat-screen displays. See Chapter 6, “VGA Display Port,” for additional information.

Header J12 provides programming support for the SPI serial Flash. Jumper J11 controls
how the SPI serial Flash is enabled in the application. See Chapter 12, “SPI Serial Flash,”
for additional information.

The SMA connector allows an external clock source to drive one of the FPGA’s global clock
inputs. Alternatively, the FPGA can provide a high-performance clock to another board via
the SMA connector. See Chapter 3, “Clock Sources,” for additional information.

136

www.xilinx.com Spartan-3E FPGA Starter Kit Board User Guide
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

RS-232 Ports, VGA Port, and PS/2 Port
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Appendix A: Schematics X XILINX®

Ethernet PHY, Magnetics, and RJ-11 Connector

IC6 is an SMSC 10/100 Ethernet PHY, with its associated 25 MHz oscillator. The PHY
requires an Ethernet MAC implemented within the FPGA.

J19 is the R]J-11 Ethernet connector associated with the 10/100 Ethernet PHY.
See Chapter 14, “10/100 Ethernet Physical Layer Interface,” for additional information.

138

www.xilinx.com Spartan-3E FPGA Starter Kit Board User Guide
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

$1/+ 119945 Se/z0/28 i21eQ 280-00S 200
a sy 4214818 3€S ALIL
YWD FJ40yiny aJej423U] 18ULSYT 1LIIHS

39 :4eautbU3 900C ‘Gopz ybThdog

pJeog J491Je1g 3¢ uelJedg

*suL weTIbIg

Ethernet PHY, Magnetics, and RJ-11 Connector

—uNg
ELIA) ELl)

Auewsmnwwuuv.mMmcmmHmcmmﬁmcmmHmcam%\
smmH| m¢mH|w¢mH|N*mHuwva|thH| e

aang—-3 \AAAS |

anzy | duat
¢¢mH|w*mH|

€NETIN-3

TUNg
anz'y r:mv ‘g|dvar|dual dual

[4c8} 180|*

aNg boreuy

UNY

@] 6€3] BED] 260] 9€3] o o A 1
— \AAASETETTN ZLX 1sEN
ENETIN=4 _— TTHLX/NINTD ININ
sioyoede) ssedhg S89 W =
702 oIOW T3
2 XT=T—sed 11o_x1
———WW—a wu_w 1 ¥107Xxd €AHd/X3TdNAA
€6y ZAHA/ALINILOY [
2 na-xy TAHA/NONTT Seg——am
—WW—m N3“XL 0AHd/0810dS
164
4ual $OXH/H37XY
TNY eaxy 20d9
U S€9 zaxd $QYAHA/ 1049 2'98 Ry
2 1axd 11W/00d9 MW
W‘W‘? eaxyd 2'9g 0sd
) | > r
o il dueg| B2R YOXL/H3 XL 1531 g 8+t z9g
—w— | — TN €0XL 2153l AW
{H— © W\
QT3NS | — AA +€J oy
o [ kA s zax.L
e s mat oSk 10XL Z300H z°95
_\ 5T e 0T eax.L 300K
aNg HH 4489 2300W z'95 bbd
—Xg S - NXd
g _|M__ s = 4 e ) 7575 axa S8TIEBNUT \\3-gay €btl z9g
cheag| 3 S o /| NXL pha-zbd
e - =T dxL s 93N vy Q01 ON
+K%1HJ |.M I3 b Jet
2D>2D> 2D (e} =3
T +1 T 9 ccc j 2
S$71-30S%C-T1L 4H 2loels 93988 & 3888
SERLERLER
= BAVS BAVS ElEE e O ElEE =
- > > w w & w H ﬁ m 00
184
ENEITIN \AAASTENETTIN
aane=

SXILINX®

139

UG230_Aa_03_021806

Schematic Sheet 4

www.Xxilinx.com

Figure A-3

Spartan-3E FPGA Starter Kit Board User Guide

UG230 (v1.2) January 20, 2011


http://www.xilinx.com

Appendix A: Schematics X XILINX®

Voltage Regulators

IC7 is a Texas Instruments TPS75003 triple-output regulator. The regulator provides 1.2V
to the FPGA’s VCCINT supply input, 2.5V to the FPGA’s VCCAUX supply input, and 3.3V
to other components on the board and to the FPGA’s VCCO supply inputs on I/O Banks 0,
1, and 2.

Jumpers JP6 and JP7 provide a means to measure current across the FPGA’s VCCAUX and
VCCINT supplies respectively.

IC8is a Linear Technology LT3412 regulator, providing 2.5V to the on-board DDR SDRAM.
Resistors R65 and R67 create a voltage divider to create the termination voltage required
for the DDR SDRAM interface.

IC9 is a 1.8V supply to the Embedded USB download/debug circuit and to the CPLD’s
VCCINT supply input.
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Appendix A: Schematics X XILINX®

FPGA Configurations Settings, Platform Flash PROM, SPI Serial
Flash, JTAG Connections

IC10MISC represents the various FPGA configuration connections.

IC11 is a 4 Mbit XCF04S Platform Flash PROM. Landing pads for a second XCF04S PROM
is shown as IC13, although the second PROM is not mounted on the XC3S500E version of
the board. Resistor R100 jumpers over the JTAG chain, bypassing the second XCF04S
PROM.

Jumper header J30 selects the FPGA’s configuration mode. See Table 4-1, page 27 for
additional information.

Header J28 is an alternate JTAG header.

IC12 is a Maxim/Dallas Semiconductor DS2432 SHA-1 EEPROM. See Chapter 17, “D52432
1-Wire SHA-1 EEPROM,” for more information.

IC14 and IC15 are alternate landing pads for the STMicro SPI serial Flash. IC14 accepts the
16-pin SOIC package option, while IC15 accepts either the 8-pin SOIC or MLP package
option. See Figure 12-18, page 102 for additional information.

142

www.xilinx.com Spartan-3E FPGA Starter Kit Board User Guide
UG230 (v1.2) January 20, 2011


http://www.xilinx.com

FPGA Configurations Settings, Platform Flash PROM, SPI Serial Flash, JTAG Connections

+1/9 11994g 90/20/28 :91eQ £80-00S  $20(
a ey 4234238 3ES ILIL | ™ 1eL
D O Z
UND 404Ny 9yLr pue uoTIeUNBTUO] 3SEIX (LIIHS LBl 91dazl v1aI 5
33 :asau1bul . 220MH _mulﬂu_udml Z°S 1If oL O 1
i 900z ‘Gepz wbrahdog  -oul wusTIBbIg PeoT e S5 U [eernoE g oA=moE o
ON T SJ-0d o 5 ar—Wogd abeoyg
pdeog 4914e15 3 uelJeds 683 5 | S [Zs7—noa ¥001g 4adunp
<
2102] @SN W40jieTd PSPPAqUI 8yl 4O 4SPESH S3B4JSIU QYLr 21 g c 2T IS
ay) ueyy 4ayied uomrisod pJeoq [esaydrised e wodi UaATJPp Butaq ae oS YWy—g—* 0 0 IF10s 9
sTeub1s gyif 8y uaym uteys ueds ay) 81a[dwod o) ispesy gyif (a2 — T A<D —Tw g ° 0 [T
3yl U0 pOL PuUe QL US8MiSq Pa1leisul ag isnw yDofq buridoys y ./.mw” N )
_ iS910N S0S‘00S 105 $1dS R 210S 21dSZH > > > OND
s wee] i 33 | 232 N2 RER=R
enrf L Augy|auzy L3135 STOOSNOZ0 ol
. 880 RO R]w (o 5
2 2637 983 SR
Sy@4ax | = Bl I §-00ad ZI0ow 8
BRI o0 y EMEJIN  UOTIDNPOJd 404 9
oaL Td 21 Umom._mnoz TIUOW 8¢
Z3d-00L_71d YWy—us
T3G-0UL b 0L 0B [y  SOU g0 ©1
o 2w o oaz—fo 2
= Sd o1d UND =g eSo —So
S § § I ¢ 25225 2o
a g 9 r » w N
- 0O @« ﬂ__ »»«
T unip| anie| nte o Z101 ENEJIN
i mwﬂl vwﬂl mwﬂl N F— o sJadunp 12378s 9pol Yadd
EhETTN RN =370
|ATINO 30991 403 peoT
2€+2S0 o=
2 | 3ees1 uo peoT oN @25
PN 309G uo peoT —<g = > »rST
d =9 =3 R3]
4L oo P =4 g®
=
1891 /_mw% JSIWRIIL Wmm% Wmm%
- 4dsg st =/ dYMSH/@ NGZ1 701 NTa | 3T
= 1101 gl o0S e TS0 X mmuwﬂwuomxw._m_%m_ o1
o WW— LI 4 po/N1/Z NS TTOI EnEIan
@ = —
S¥@843X S 9 | gJ0Ed - 4 z6d mucumm o™ g-a0ud 2001/12NEZT01 |75 — —
STe— 70 a1 - = anoa 1001/1"dbz10I | =
&d ea AW ANOE=IX uzcm _ww m ¥133/Z7N9ZT70I ©8307T1/1°NEZT 01 w m sumumw .
J9-00L77d J0H/17dEZT 01 [orm Eli = S
JES—0UL — %d O] 24/ 109/2 Nk Tdr a AFO
&d TIq00_Ti| M/Zv01 peoq o*?eEL )
= ~ P07 eW/Z s tior mmqﬁ 528
(o] - —
2 —~ oaL 6°053/d17°01 b=rg=ps a1
° uwwuwmw wNG Ial 871S0/1S0W/NET"01 mu TSOW —W\ s
T 30X gameox i =T L @>109/8-8Mad/db T T |21 ¥
P o S Agn L L F=SWL &g SHt g-anug
288 .vwm% .vwm% JSIW
A A g uotienb1ju0]
AT g g %umﬁ pue [o41u0] yY9gd4 8¢r
822 223 923 oS0 O 2| AN
ENEJI1
! 001 St < ane
g=IT MWW SO 19 v 4oL
82d ool ZXI=00L ww mmw
z4g=0uz TES—00L JES— 10T VWV TTE00- 101
<48 ol - nOA
g-SHT RAAN
J48peSaH 8dejusI gylf
ENETIN TNZIIN

SXILINX®

143

UG230_Aa_05_021806

Schematic Sheet 6

www.Xxilinx.com

Figure A-5

Spartan-3E FPGA Starter Kit Board User Guide

UG230 (v1.2) January 20, 2011


http://www.xilinx.com

Appendix A: Schematics X XILINX®

FPGA 1/0 Banks 0 and 1, Oscillators

IC10BO0 represents the connections to I/O Bank 0 on the FPGA. The VCCO input to Bank 0
is 3.3V by default, but can be set to 2.5V using jumper JP9.

IC10B1 represents the connections to I/O Bank 1 on the FPGA.
IC17 is the 50 MHz clock oscillator. Chapter 3, “Clock Sources,” for additional information.

IC16 is an 8-pin DIP socket to insert an alternate clock oscillator with a different frequency.
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Appendix A: Schematics X XILINX®

FPGA I/O Banks 2 and 3

IC10B2 represents the connections to I/O Bank 2 on the FPGA. Some of the I/O Bank 2
connections are used for FPGA configuration and are listed as IC1I0MISC.

IC10B3 represents the connections to I/O Bank 3 on the FPGA. Bank 3 is dedicated to the
DDR SDRAM interface and is consequently powered by 2.5V. See Chapter 13, “DDR
SDRAM,” for additional information.
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Appendix A: Schematics X XILINX®

Power Supply Decoupling

IC10PWR represents the various voltage supply inputs to the FPGA and shows the power
decoupling network.

Jumper JP9 defines the voltage applied to VCCO on I/O Bank 0. The default setting is 3.3V.
See “Voltage Control,” page 22 and “Voltage Supplies to the Connector,” page 116 for
additional details.
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Power Supply Decoupling
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Appendix A: Schematics X XILINX®

XC2C64A CoolRunner-ll CPLD

IC18 is a Xilinx XC2C64A CoolRunner™-II CPLD. The CPLD primarily provides
additional flexibility when configuring the FPGA from parallel NOR Flash and during
MultiBoot configurations.

When the CPLD is loaded with the appropriate design, JP10 enables a watchdog timer in
the CPLD used during fail-safe MultiBoot configurations.

See Chapter 16, “XC2C64A CoolRunner-1I CPLD,” for more information.
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Appendix A: Schematics X XILINX®

Linear Technology ADC and DAC

IC19 is a Linear Technology LTC1407A-1 two-channel ADC. IC20 is a Linear Technology
LTC6912 programmable pre-amplifier (AMP) to condition the analog inputs to the ADC.
See Chapter 10, “Analog Capture Circuit,” for additional information.

IC21 is a Linear Technology LTC2624 four-channel DAC. See Chapter 9, “Digital to Analog
Converter (DAC),” for additional information.
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Linear Technology ADC and DAC
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Figure A-10
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Appendix A: Schematics X XILINX®

Intel StrataFlash Parallel NOR Flash Memory and Micron DDR

SDRAM

IC22 is a 128 Mbit (16 Mbyte) Intel StrataFlash parallel NOR Flash PROM. See Chapter 11,
“Intel StrataFlash Parallel NOR Flash PROM,” for additional information.

IC23 is a 512 Mbit (64 Mbyte) Micron DDR SDRAM. See Chapter 13, “DDR SDRAM,"” for
additional information.
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Intel StrataFlash Parallel NOR Flash Memory and Micron DDR SDRAM
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Appendix A: Schematics X XILINX®

Buttons, Switches, Rotary Encoder, and Character LCD

SWO0, SW1, SW2, and SW3 are slide switches.

Push-button switches W, E, S, and N are located around the ROT1 push-button
switch/rotary encoder.

LDO through LD7 are discrete LEDs.
See Chapter 2, “Switches, Buttons, and Knob,” for additional information.

DISP1 is a 2x16 character LCD screen. See Chapter 5, “Character LCD Screen,” for
additional information.
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Buttons, Switches, Rotary Encoder, and Character LCD
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Figure A-12:
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Appendix A: Schematics X XILINX®

DDR SDRAM Series Termination and FX2 Connector Differential

Termination

Resistors R160 through R201 represent the series termination resistors for the DDR
SDRAM. See Chapter 13, “DDR SDRAM,” for additional information.

Resistors R202 through R210 are not loaded on the board. These landing pads provide
optional connections for 100Q2 differential termination resistors. See “Using Differential
Inputs,” page 120 for additional information.
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DDR SDRAM Series Termination and FX2 Connector Differential Termination
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Figure A-13
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Appendix A: Schematics X XILINX®
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& XILINX®
Appendix B

Example User Constraints File (UCF)

FHEFHEH R
### SPARTAN-3E STARTER KIT BOARD CONSTRAINTS FILE

FHEFF R

# ==== Analog-to-Digital Converter (ADC) ====

# some connections shared with SPI Flash, DAC, ADC, and AMP

NET "AD CONV" LOC = "p11" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

# ==== Programmable Gain Amplifier (AMP) ====

# some connections shared with SPI Flash, DAC, ADC, and AMP

NET "AMP_CS" LOC = "N7" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

NET "AMP DOUT" LOC = "E18" | IOSTANDARD = LVCMOS33 ;

NET "AMP_ SHDN" LOC = "P7" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

# ==== Pushbuttons (BTN) ====

NET "BTN_EAST" LOC = "H13" | IOSTANDARD = LVTTL | PULLDOWN ;

NET "BTN_NORTH" LOC = "V4" | IOSTANDARD = LVTTL | PULLDOWN ;

NET "BTN_SOUTH" LOC = "K17" | IOSTANDARD = LVTTL | PULLDOWN ;

NET "BTN _WEST" LOC = "D18" | IOSTANDARD = LVTTL | PULLDOWN ;

# ==== Clock inputs (CLK) ====

NET "CLK 50MHZ" LOC = "C9" | IOSTANDARD = LVCMOS33 ;

# Define clock period for 50 MHz oscillator (40%/60% duty-cycle)

NET "CLK 50MHZ" PERIOD = 20.0ns HIGH 40%;

NET "CLK AUX" LOC = "B8" | IOSTANDARD = LVCMOS33 ;

NET "CLK SMA" LOC = "AlQ" | IOSTANDARD = LVCMOS33 ;

# ==== Digital-to-Analog Converter (DAC) ====

# some connections shared with SPI Flash, DAC, ADC, and AMP

NET "DAC CLR" ©LOC = "p8" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;

NET "DAC_CS" LOC = "N8" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;

# ==== 1-Wire Secure EEPROM (DS)

NET "DS _WIRE" ©LOC = "U4" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;

# ==== Ethernet PHY (E) ====

NET "E COL" LOC = "Ue" | IOSTANDARD = LVCMOS33 ;

NET "E CRS" LOC = "U1i3" | IOSTANDARD = LVCMOS33 ;

NET "E MDC" LOC = "P9" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;
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Appendix B: Example User Constraints File (UCF)

SIXILINX®

NET "E _MDIO" LOC = "U5" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

NET "E RX CLK" LOC = "V3" | IOSTANDARD = LVCMOS33 ;

NET "E RX DV" ©LOC = "V2" | IOSTANDARD = LVCMOS33 ;

NET "E_RXD<0>" LOC = "V8" | IOSTANDARD = LVCMOS33 ;

NET "E_RXD<1>" LOC = "T11l" | IOSTANDARD = LVCMOS33 ;

NET "E_RXD<2>" LOC = "Ull" | IOSTANDARD = LVCMOS33 ;

NET "E_RXD<3>" LOC = "V14" | IOSTANDARD = LVCMOS33 ;

NET "E RXD<4>" LOC = "Ul4" | IOSTANDARD = LVCMOS33 ;

NET "E TX CLK" LOC = "T7" | IOSTANDARD = LVCMOS33 ;

NET "E TX EN" ©LOC = "P15" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

NET "E TXD<O0>" LOC = "R11" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

NET "E_TXD<1>" LOC = "T15" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

NET "E_TXD<2>" LOC = "R5" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

NET "E TXD<3>" LOC = "T5" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

NET "E TXD<4>" LOC = "R6" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8

# ==== FPGA Configuration Mode, INIT B Pins (FPGA) ====

NET "FPGA MO" LOC = "M10" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;

NET "FPGA M1" LOC = "V1l" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;

NET "FPGA M2" LOC = "T10" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 8 ;

NET "FPGA INIT B" LOC = "T3" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 4 ;

NET "FPGA RDWR _B" LOC = "U10" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 4 ;

NET "FPGA HSWAP" LOC = "B3" | IOSTANDARD = LVCMOS33 ;

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

NET "FX2 CLKIN" LOC = "E10" | IOSTANDARD = LVCMOS33 ;

NET "FX2 CLKIO" LOC = "D9" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 CLKOUT" LOC = "D10" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

# These four connections are shared with the Jl1 6-pin accessory header

NET "FX2 IO<1l>" LOC = "B4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<2>" LOC = "A4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<3>" LOC = "D5" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<4>" LOC = "C5" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

# These four connections are shared with the J2 6-pin accessory header

NET "FX2 IO<5>" LOC = "A6" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 IO<6>" LOC = "B6" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<7>" LOC = "E7" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 IO<8>" LOC = "F7" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

# These four connections are shared with the J4 6-pin accessory header

NET "FX2 I0<9>" LOC = "D7" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 IO<10>" LOC = "C7" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 IO<1ll»" LOC = "F8" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 IO<12>" LOC = "E8" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

# The discrete LEDs are shared with the following 8 FX2 connections

#NET "FX2 IO<13>" LOC = "F9" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 IO<14>" LOC = "E9" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 IO<15>" LOC = "D11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 IO<16>" LOC = "Cl1l" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 IO<17>" LOC = "F11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 I0O<18>" LOC = "E11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 IO0<19>" LOC = "E12" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

#NET "FX2 I0<20>" LOC = "F12" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 IO<21>" LOC = "Al3" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<22>" LOC = "B13" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<23>" LOC = "Al4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<24>" LOC = "B14" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<25>" LOC = "C1l4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;

NET "FX2 I0<26>" LOC = "D14" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE = 8 ;
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NET "FX2 I0<27>" LOC = "Al6" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IO<28>" LOC = "B16" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IO0<29>" LOC = "E13" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IO<30>" LOC = "C4" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IO<31»" LOC = "B11" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 I0<32>" LOC = "All" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 I0<33>" LOC = "A8" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IO<34>" LOC = "G9" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IP<35>" LOC = "D12" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IP<36>" LOC = "Cl2" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IP<37>" LOC = "Al5" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IP<38>" LOC = "B15" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 I0<39>" LOC = "C3" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
NET "FX2 IP<40>" LOC = "C15" | IOSTANDARD = LVCMOS33 | SLEW = FAST | DRIVE
# ==== 6-pin header J1 ====

# These are shared connections with the FX2 connector

#NET "J1<0>" LOC = "B4" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
#NET "Jl<1>" LOC = "A4" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
#NET "J1<2>" LOC = "D5" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
#NET "J1<3>" LOC = "C5" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 6 ;
# ==== 6-pin header J2 ====

# These are shared connections with the FX2 connector

#NET "J2<0>" LOC = "A6" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
#NET "J2<1>" LOC = "B6" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 6 ;
#NET "J2<2>" LOC = "E7" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 6 ;
#NET "J2<3>" LOC = "F7" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 6 ;
# ==== 6-pin header J4 ====

# These are shared connections with the FX2 connector

#NET "J4<0>" LOC = "D7" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
#NET "J4<1>" LOC = "C7" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 6 ;
#NET "J4<2>" LOC = "F8" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
#NET "J4<3>" LOC = "E8" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 6 ;
# ==== Character LCD (LCD) ====

NET "LCD_E" LOC = "M18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW
NET "LCD_RS" LOC = "L18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW
NET "LCD_RW" LOC = "L17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW
# LCD data connections are shared with StrataFlash connections SF D<11:8>
#NET "SF D<8>"  LOC = "R15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW =
#NET "SF D<9>"  LOC = "R16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW =
#NET "SF D<10>" ©LOC = "P17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW =
#NET "SF D<11>" LOC = "M15" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW =
# ==== Discrete LEDs (LED) ====

# These are shared connections with the FX2 connector

NET "LED<O>" ©LOC = "F12" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;
NET "LED<1>" ©LOC = "E12" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;
NET "LED<2>" LOC = "E11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;
NET "LED<3>" ©LOC = "F11" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;
NET "LED<4>" LOC = "C1l1" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 8 ;
NET "LED<5>" LOC = "D11" | IOSTANDARD = LVITL | SLEW = SLOW | DRIVE = 8 ;

|
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NET "LED<6>" LOC = "E9" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;
NET "LED<7>" LOC = "Fo" | IOSTANDARD = LVTTL | SLEW = SLOW | DRIVE = 8 ;
# ==== PS/2 Mouse/Keyboard Port (PS2) ====
NET "PS2 CLK" LOC = "G14" | IOSTANDARD = LVCMOS33 | DRIVE = 8 | SLEW = SLOW ;
NET "PS2 DATA" LOC = "G13" | IOSTANDARD = LVCMOS33 | DRIVE = 8 | SLEW = SLOW ;
# ==== Rotary Pushbutton Switch (ROT) ====
NET "ROT_A" LOC = "K18" | IOSTANDARD = LVTTL | PULLUP ;
NET "ROT_B" LOC = "G18" | IOSTANDARD = LVTTL | PULLUP ;
NET "ROT CENTER" LOC = "V1e" | IOSTANDARD = LVTTL | PULLDOWN ;
# ==== RS-232 Serial Ports (RS232) ====
NET "RS232 DCE_RXD" LOC = "R7" | IOSTANDARD = LVTTL ;
NET "RS232 DCE_TXD" LOC = "M14" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = SLOW ;
NET "RS232 DTE RXD" LOC = "U8" | IOSTANDARD = LVTTL ;
NET "RS232 DTE TXD" LOC = "M13" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = SLOW ;
# ==== DDR SDRAM (SD) ==== (I/0 Bank 3, VCCO=2.5V)
NET "SD A<0>" LOC = "T1" | IOSTANDARD = SSTL2 I ;
NET "SD A<1>" LOC = "R3" | IOSTANDARD = SSTL2 I ;
NET "SD A<2>" LOC = "R2" | IOSTANDARD = SSTL2 I ;
NET "SD A<3>" LOC = "p1" | IOSTANDARD = SSTL2 I ;
NET "SD A<4>" LOC = "F4" | IOSTANDARD = SSTL2 I ;
NET "SD A<5>" LOC = "H4" | IOSTANDARD = SSTL2 I ;
NET "SD A<6>" LOC = "H3" | IOSTANDARD = SSTL2 I ;
NET "SD A<7>" LOC = "H1" | IOSTANDARD = SSTL2 I ;
NET "SD A<8>" LOC = "H2" | IOSTANDARD = SSTL2 I ;
NET "SD A<9>" LOC = "N4" | IOSTANDARD = SSTL2 I ;
NET "SD A<10>" LOC = "T2" | IOSTANDARD = SSTL2 I ;
NET "SD A<1l1l>" LOC = "N5" | IOSTANDARD = SSTL2 I ;
NET "SD A<l1l2>" LOC = "p2" | IOSTANDARD = SSTL2 I ;
NET "SD BA<O>" LOC = "K5" | IOSTANDARD = SSTL2 I ;
NET "SD BA<1>" LOC = "Ke6" | IOSTANDARD = SSTL2 I ;
NET "SD CAS" LOC = "Cc2" | IOSTANDARD = SSTL2 I ;
NET "SD CK N" LOC = "Jg4" | IOSTANDARD = SSTL2 I ;
NET "SD CK P" LOC = "g5" | IOSTANDARD = SSTL2 I ;
NET "SD CKE" LOC = "K3" | IOSTANDARD = SSTL2 I ;
NET "SD Cs" LOC = "K4" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<0>" LOC = "L2" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<1>" LOC = "L1" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<2>" LOC = "L3" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<3>" LOC = "L4" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<4>" LOC = "M3" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<5>" LOC = "M4" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<6>" LOC = "M5" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<7>" LOC = "Me" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<8>" LOC = "E2" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<9>" LOC = "E1" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<10>" LOC = "F1" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<11>" LOC = "F2" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<12>" LOC = "G6" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<13>" LOC = "G5" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<14>" LOC = "He" | IOSTANDARD = SSTL2 I ;
NET "SD DQ<15>" LOC = "H5" | IOSTANDARD = SSTL2 I ;
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NET "SD_ LDM"
NET "SD_LDQS"
NET "SD RAS"
NET "SD_UDM"
NET "SD_UDQS"
NET "SD WE"

# Path to allow
NET "SD CK FB"
# Prohibit VREF
CONFIG PROHIBIT
CONFIG PROHIBIT
CONFIG PROHIBIT
CONFIG PROHIBIT
CONFIG PROHIBIT
# ===

NET "SF_A<O>"
NET "SF A<1>"
NET "SF A<2>"
NET "SF A<3>"
NET "SF A<4>"
NET "SF_A<5>"
NET "SF_A<6>"
NET "SF A<7>"
NET "SF A<8>"
NET "SF A<9>"
NET "SF_A<10>"
NET "SF_A<11>"
NET "SF_A<12>"
NET "SF A<13>"
NET "SF A<14>"
NET "SF A<15>"
NET "SF A<lée>"
NET "SF_A<17>"
NET "SF_A<18>"
NET "SF A<19>"
NET "SF _A<20>"
NET "SF A<21>"
NET "SF A<22>"
NET "SF_A<23>"
NET "SF_A<24>"
NET "SF BYTE"
NET "SF _CEOQO"
NET "SF D<1>"
NET "SF D<2>"
NET "SF_D<3>"
NET "SF_D<4>"
NET "SF D<5>"
NET "SF D<6>"
NET "SF D<7>"
NET "SF D<8>"
NET "SF D<9>"
NET "SF_D<10>"
NET "SF D<11>"
NET "SF D<12>"
NET "SF D<13>"
NET "SF D<14>"
NET "SF D<15>"

LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
connec
LOC =
pins
= D2;
= G4;
= J6;
= L5;
= R4;

Intel StrataFla

LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =
LOC =

IIJ2 n
IIL6 n
"Cl n
llJl n
HG3 n
llDl n
tion
IIB9 n

sh Parallel NOR Fla

"H17"
IIJ13 "
ngizn
"J14n
"J15"
"Jie"
nJ17"
" K14 "
"K15"
"K12"
"K13"
"L15"
"Ll6"
IIT18 "
"R18"
nT17"
"g1g"
"Tl6"
"g1sn
ny1sn
nT12m
"y13n
ny1zn
"N11M
"ALLM
nei7n
"D16"
"p1o"
"R10"
HV9 n

HU9 n

”R9 n

IIM9 n

IIN9 n

"R15"
"R16"
np17"
"M15"
"M16"
n P6 n

IIR8 n

IIT8 n

- -

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

SSTL2_ T ;
SSTL2_ I ;
SSTL2 I ;
SSTL2 I ;
SSTL2 T ;
SSTL2_ T ;

o top DCM connection

IOSTANDARD

IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD
IOSTANDARD

LVCMOS33

sh
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33
= LVCMOS33

’

(SF) ====

DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
DRIVE
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SLEW
SLEW
SLEW
SLEW
SLEW
SLEW
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SLEW
SLEW
SLEW
SLEW
SLEW
SLEW
SLEW
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SLEW
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SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
SLOW
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SLOW
SLOW
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SLOW
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SLOW
SLOW
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Appendix B: Example User Constraints File (UCF) 2:)(||_|NX®

NET "SF_OE" LOC = "C18" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;

NET "SF_STS" LOC = "B18" | IOSTANDARD = LVCMOS33 ;

NET "SF_WE" LOC = "D17" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;

# ==== STMicro SPI serial Flash (SPI) ====

# some connections shared with SPI Flash, DAC, ADC, and AMP

NET "SPI MISO" LOC = "N10" | IOSTANDARD = LVCMOS33 ;

NET "SPI MOSI" LOC = "T4" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

NET "SPI_SCK" LOC = "Ulé6" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

NET "SPI_SS B" LOC = "U3" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

NET "SPI_ALT CS JP11" LOC = "R12" | IOSTANDARD = LVCMOS33 | SLEW = SLOW | DRIVE = 6 ;

# ==== Slide Switches (SW) ====

NET "SW<0>" LOC = "L13" | IOSTANDARD = LVTTL | PULLUP ;

NET "SW<1>" LOC = "L14" | IOSTANDARD = LVTTL | PULLUP ;

NET "SW<2>" LOC = "H18" | IOSTANDARD = LVTTL | PULLUP ;

NET "SW<3>" LOC = "N17" | IOSTANDARD = LVTTL | PULLUP ;

# ==== VGA Port (VGA) ====

NET "VGA BLUE" LOC = "G15" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = FAST ;

NET "VGA GREEN" LOC = "H15" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = FAST ;

NET "VGA HSYNC" ©LOC = "F15" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = FAST ;

NET "VGA RED" LOC = "H14" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = FAST ;

NET "VGA VSYNC" LOC = "F14" | IOSTANDARD = LVTTL | DRIVE = 8 | SLEW = FAST ;

# ==== Xilinx CPLD (XC) ====

NET "XC CMD<O>" ©LOC = "P18" | IOSTANDARD = LVTTL | DRIVE = 4 | SLEW = SLOW ;

NET "XC_CMD<1>" LOC = "N18" | IOSTANDARD = LVTTL | DRIVE = 4 | SLEW = SLOW ;

NET "XC_CPLD EN" LOC = "B10" | IOSTANDARD = LVTTL ;

NET "XC_D<O0>" LOC = "G1l6" | IOSTANDARD = LVTTL | DRIVE = 4 | SLEW = SLOW ;

NET "XC_D<1>" LOC = "F18" | IOSTANDARD = LVITL | DRIVE = 4 | SLEW = SLOW ;

NET "XC_D<2>" LOC = "F17" | IOSTANDARD = LVITL | DRIVE = 4 | SLEW = SLOW ;

NET "XC_TRIG" LOC = "R17" | IOSTANDARD = LVCMOS33 ;

NET "XC_GCKO" LOC = "H16" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;

NET "GCLK10" LOC = "C9" | IOSTANDARD = LVCMOS33 | DRIVE = 4 | SLEW = SLOW ;
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