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XX"JNX@ Design Considerations

Chapter 1

Overview and Design Considerations

Xilinx® Spartan®-3 generation Field Programmable Gate Arrays (FPGAs) are highly
flexible, reprogrammable logic devices that leverage advanced CMOS manufacturing
technologies, similar to other industry-leading processors and processor peripherals. Like
processors and peripherals, Spartan-3 generation FPGAs are fully user programmable. For
FPGAs, the program is called a configuration bitstream, which defines the FPGA's
functionality. The bitstream loads into the FPGA at system power-up or upon demand by
the system.

The process whereby the defining data is loaded or programmed into the FPGA is called
configuration. Configuration is designed to be flexible to accommodate different
application needs and, wherever possible, to leverage existing system resources to
minimize system costs.

Similar to microprocessors, Spartan-3 generation FPGAs optionally load or boot
themselves automatically from an external nonvolatile memory device. Alternatively,
similar to microprocessor peripherals, Spartan-3 generation FPGAs can be downloaded or
programmed by an external “smart agent”, such as a microprocessor, DSP processor,
microcontroller, PC, or board tester. In either case, the configuration data path is either
serial to minimize pin requirements or byte-wide for maximum performance or for easier
interfaces to processors or to byte-wide Flash memory.

Similar to both processors and processor peripherals, Xilinx FPGAs can be reprogrammed,
in system, on demand, an unlimited number of times. After configuration, the FPGA
configuration bitstream is stored in highly robust CMOS configuration latches (CCLs).
Although CCLs are reprogrammable like SRAM memory, CCLs are designed primarily for
data integrity, not for performance. The data stored in CCLs is written only during
configuration and remains static unless changed by another configuration event.

Design Considerations

Before starting a new FPGA design, spend a few minutes to consider which FPGA
configuration mode best matches your system requirements. Each configuration mode
dedicates certain FPGA pins and may borrow others. Similarly, the configuration mode
may place voltage restrictions on some FPGA 1/0O banks.

If you have already selected an FPGA configuration mode, feel free to jump to the relevant
section in the user guide. Otherwise, please evaluate the following design considerations
to understand the options available.

Will the FPGA load configuration data itself from external or internal memory
or will an external processor/microcontroller download configuration data?

Spartan-3 generation FPGAs are designed for maximum flexibility. The FPGA either
automatically loads itself with configuration data, like a processor, or alternatively, another
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external intelligent device like a processor or microcontroller can download the
configuration data. It is your choice and Table 1-2 summarizes the available options.

The self-loading FPGA configuration modes, generically called Master modes, are
available with either a serial or byte-wide data path as shown in Figure 1-1. The Master
modes leverage various types of nonvolatile memories to store the FPGA's configuration
information, as shown in Table 1-1. In Master mode, the FPGA's configuration bitstream
typically resides in nonvolatile memory on the same board, generally external to the
FPGA. The FPGA internally generates a configuration clock signal called CCLK and the
FPGA controls the configuration process.

Spartan-3AN FPGAs optionally configure from internal In-System Flash (ISF) memory, as
shown in Figure 1-1c. In this mode, the configuration memory and the control and data
signals are inside the package. Spartan-3AN FPGAs also optionally support all the other
Spartan-3A FPGA configuration modes, as well.

Serial Byte-Wide
Spartan-3 Xilinx Spartan-3E/
Generation Platform Flash Spartan-3A/3AN/3A DSP Parallel NOR

FPGA PROM FPGA Flash

DINf——DO0 XxCFxxS LDCO|—»CE#

CCLK—w{cLK XCPXXP LDC1}—»|OEH#

HDC|——»|WE#

(a) Master Serial mode LDC2
8
Spartan-3E/ D[7:0] #DATA[?:O]
Spartan-3A/3AN/3A DSP SPI Serial
FPGA Flash ADDRI[n:0] ADDRI[N:0]
n+1

MOSI—»|DATA_IN
DIN [4+——DATA_OUT

(d) Master BPI mode (parallel NOR Flash)

Xilinx XCFxxP
CSO B |——®{SELECT Spartan-3 Platform Flash
- FPGA() PROM
CCLK|—»{CLOCK )
D[7:0] D[7:0]
(b) Master SPI Flash mode XCFxxP
CCLK CLK
Spartan-3AN

FPGA

In-System Flash
(ISF) Memory

(c) Internal Master SPI Flash mode

Notes:

(e) Master Parallel mode

1. Remaining Spartan-3 Generation FPGAs support XCFxxP Platform Flash PROMs via Master BPI mode.

UG332_c1_01_052207

Figure 1-1: Spartan-3 Generation Self-Loading (Master) Configuration Modes
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Table 1-1:

Spartan-3 Generation Self-Loading Configuration Modes and Memory Sources

External Memory

Information on
FPGA Configuration

Supported Spartan-3 Generation

Mode Families

Xilinx Platform Flash PROM
(either XCFxxS or XCFxxP PROMs)

Chapter 3, “Master Serial Mode”

All

Xilinx Platform Flash PROM

Chapter 6, “Master Parallel Mode”

Primarily Spartan-3 FPGAs,
but possible in

(XCExxP PROMs only) Spartan-3E/3A /3AN/3A DSP FPGAs

using BPI mode or Slave Parallel mode

Commodity Parallel “ ” Spartan-3E, Spartan-3A /3AN/3A DSP
NOR Flash PROM Chapter 5, “Master BPI Mode FPGAs

Commodity SPI Serial Flash PROM

Chapter 4, “Master SPI

Spartan-3E, Spartan-3A /3AN/3A DSP

Mode FPGAs

The downloaded FPGA configuration modes, generically called Slave modes, are also
available with either a serial or byte-wide data path. In Slave mode, an external “intelligent
agent” such as a processor, microcontroller, DSP processor, or tester downloads the
configuration image into the FPGA, as shown in Figure 1-2. The advantage of the Slave
configuration modes is that the FPGA bitstream can reside just about anywhere in the
overall system. The bitstream could reside in Flash, on board, along with the host
processor's code. It could reside on a hard disk. It could originate somewhere over a
network connection. The possibilities are nearly endless.

UG332_c1_02_080706

Serial Byte-Wide
Spartan-3 l Spartan-3
Processor, Generation l Processor, Generation
Microcontroller FPGA : Microcontroller FPGA
| 8
SERIAL_DATA—DIN [ DATA[?:O]L&» D[7:0]
[
CLOCK|—»{CCLK : SELECTI—»|CSI_B
: READ/WRITE[—»{RDWR_B
(a) Slave Serial mode |
[
JTAG Tester, Spartan-3 : CLOCK[—CCLK
Processor, Generation |
Microcontroller FPGA |
[ (c) Slave Parallel mode (SelectMAP)
DATA_OUT—{TDI |
MODE_SELECT |—»|TMS |
cLock —lTcK I
[
DATA_INja4——TDO |
[
[
(b) JTAG mode :
|

Figure 1-2: Spartan-3 Generation Downloaded (Slave) Configuration Modes
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The Slave Parallel mode, also called SelectMAP mode in other FPGA architectures, is

essentially a simple byte-wide processor peripheral interface, including a chip-select input
and a read /write control input. The Slave Serial mode is extremely simple, consisting only
of a clock and serial data input.

The four-wire JTAG interface is common on many board testers and debugging hardware.
In fact, the Xilinx programming cables for Spartan-3 generation FPGAs, listed below, use
the JTAG interface for prototype download and debugging. Regardless of which
configuration mode is ultimately used in the application, it is best to also include a JTAG
configuration path for easy design development. Also see “Programming Cables and
Headers,” page 201.

e Platform Cable USB
http:/ /www.xilinx.com/products/devkits/HW-USB-G.htm

e Parallel Cable IV
http:/ /www.xilinx.com/products/devkits/HW-PC4.htm

¢  MultiPRO Desktop Tool
http:/ /www.xilinx.com/products/devkits/HW-MULTIPRO.htm

Table 1-2: Spartan-3 Generation Configuration Options

Master Master Internal Slave
Serial SPI BPI Parallel Master SPI Parallel | Slave Serial JTAG
Spartan-3 All Spartan-3A Spartan-3A | Spartan-3 | Spartan-3AN All All All
. Spartan-3AN | Spartan-3AN only only
Generation
Families Spartan-3A DSP | Spartan-3A DSP
Spartan-3E Spartan-3E
<0:0:0> <0:0:1> <0:1:0>=Up <0:1:1: <0:1:1> <1:1:0> <1:1:1> <1:0:1>
M[2:0] mode Spartan.-3E
in settings only:
P <0:1:1>=Dow
n
Data width Serial Serial Byte-wide Byte-wide Serial Byte-wide Serial Serial
Xilinx Commodity Commodity Xilinx Internal In- Any source | Any source | Any source
. . Platform | SPI serial parallel NOR | parallel System via micro- via micro- via micro-
Configuration | Flash Flash Flash or Xilinx | Platform Flash (ISF) controller, controller, controller,
memory parallel Flash, etc. | memory CPU, Xilinx | CPU, Xilinx | CPU, System
source Platform parallel Platform ACE™ CF,
Flash Platform Flash, etc. etc.
Flash, etc.
Internal oscillator External clock signal External
Clock source applied on CCLK pin clock on TCK
pin
Total 1/0O pins
borrowed 8 13 46 12 7 21 8 0
during
configuration

28

www.xilinx.com

Spartan-3 Generation Configuration User Guide

UG332 (v1.4) July 1, 2008


http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/pfp/index.htm
http://www.xilinx.com/products/silicon_solutions/proms/system_ace/
http://www.xilinx.com/products/silicon_solutions/proms/system_ace/
http://www.xilinx.com
http://www.xilinx.com/products/devkits/HW-USB-G.htm
http://www.xilinx.com/products/devkits/HW-PC4.htm
http://www.xilinx.com/products/devkits/HW-MULTIPRO.htm

SXILINX®

Design Considerations

Table 1-2: Spartan-3 Generation Configuration Options (Continued)

Master Master Internal Slave
Serial SPI BPI Parallel Master SPI Parallel Slave Serial JTAG
Configuration | Slave Slave Serial | Slave Parallel Slave Not Slave Slave Serial JTAG
mode for Serial Spartan- Serial Supported Parallel or
downstream 3A/3AN/3A Memory
daisy-chained DSP only: Mapped
FPGAS Slave Serial
Possible Possible
Stand-alone using using
FPGA XCFxxP XCFxxP
: : Platform Platform
applications v v v v v Flash, which | Flash,
(no external optionally which
download generates optionally
host) CCLK generates
CCLK

Does the application use a single FPGA or multiple FPGAs?

Most Spartan-3 generation FPGA applications use a single FPGA. However, some
applications require multiple FPGAs for increased logic density or I/O. Obviously, each
FPGA in a multi-FPGA design could have its own separate configuration source. However,
using a configuration daisy-chain, multiple FPGAs share a single configuration source.
Daisy-chaining reduces system costs and simplifies programming and logistics.

The most common style is a serial daisy chain, illustrated in Figure 1-3, page 30a.
Generally, the first device in the chain may use any one of the configuration modes, except
JTAG mode. When the first device finishes loading its configuration bitstream, it passes
data to the downstream FPGAs via its DOUT serial data output pin.

The JTAG interface also supports multi-FPGA configuration as shown in Figure 1-3,
page 30b. The TDO serial data output is connected to the TDI serial data input of the next
device in the chain. The mode select input, TMS, and the clock input, TCK, are common to
all devices in the JTAG chain. The TDO serial data output of the last device in the chain
feeds back to the JTAG connector.

Lastly, Figure 1-3c shows a parallel daisy chain. All of the FPGA connections are common,
except for the chip select inputs, which are unique per FPGA.

Caution! The Spartan-3AN FPGA family does not support configuration daisy-chains when
configured using the Internal Master SPI mode.
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First FPGA

DOUT
CCLK

Xilinx
FPGA

B =

DIN
CCLK

DOUT

Xilinx
FPGA

B =

BE

DIN
CCLK

DOUT

Xilinx
FPGA

B =

[

DIN
CCLK

[

(a) Serial Daisy Chain (using Slave Serial mode)

Xilinx
FPGA

—>

TDI TDO

Xilinx
FPGA

TDI
TMS

TDO

Xilinx
FPGA

TDI
TMS

TDO

DOUT|F—»

TCK

TMS
’—VTCK ’—VTCK

—e .

-

(b) Multi-FPGA configuration JTAG mode

DATA[7:0]

Spartan-3 Spartan-3

Generation Generation
FPGA FPGA
D[7:0] D[7:0]
Select FPGA1l——»|CSI_B —»|CSI_ B
—»RDWR_B RDWR_B
—» CCLK CCLK
Select_ FPGA2
—0 -
I

o o >

(c) Parallel Daisy Chain (using Slave Parallel mode)

UG332_c1_03_080706

Figure 1-3: Spartan-3 Generation Configuration Daisy-Chain Options

Is the “easiest possible” configuration solution the more important
consideration?

Let's face it, in some applications, the easiest solution is the best solution. The best solution
for these applications is either Internal Master SPI mode supported only by Spartan-3AN
FPGAs or Master Serial mode using a Xilinx Platform Flash PROM, which is available for
any Spartan-3 generation FPGA. These solutions use the fewest FPGA pins, have flexible
1/0 voltage support, and is fully supported by iMPACT, the Xilinx JTAG-based
programming software.
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Is the “lowest cost” solution the more important consideration?

For cost-sensitive applications, obviously the lowest-cost configuration solution is best.
However, which option is lowest cost? The answer depends on your specific application.

e Is there spare nonvolatile memory already available in the system in which to store
the FPGA configuration bitstream(s)? The bitstream image can be stored in system
memory, stored on a hard drive, or even downloaded remotely over a network
connection. If so, consider one of the downloaded modes, Master Parallel Mode, Slave
Serial Mode, or JTAG Configuration Mode and Boundary-Scan.

e Is there a way to consolidate the nonvolatile memory required in the application? For
example, can the FPGA configuration bitstream(s) be stored with any processor code
for the board? If the processor is a MicroBlaze™ soft processor core embedded in the
FPGA, the FPGA configuration data and the MicroBlaze code can easily share the
same nonvolatile memory device.

e Spartan-3A and Spartan-3E FPGAs optionally configure from commodity SPI serial
Flash and parallel NOR Flash memories. Because these memories have common
footprints and multiple suppliers, they may have lower pricing due to the highly-
competitive marketplace.

Is “fastest possible configuration time” the more important consideration?

Some applications require that the logic be operational within a short time. Certain FPGA
configuration modes and methods are faster than others. The configuration time includes
the initialization time plus the configuration time. Configuration time depends on the size
of the device and speed of the configuration logic. For example, an XC351400A
programming at 10 MHz will require 4755296 bits / 10 MHz or approximately 500 ms.

e At the same clock frequency, parallel configuration modes are inherently faster than
the serial modes, since they program 8 bits at a time.

e Configuring a single FPGA is inherently faster than configuring multiple FPGAs in a
daisy-chain. In a multi-FPGA design where configuration speed is a concern,
configure each FPGA separately and in parallel.

¢ In Master modes, the FPGA internally generates the CCLK configuration clock signal.
By default, the CCLK frequency starts out low but can be increased using the
ConfigRate bitstream option. The maximum supported CCLK frequency setting
depends on the read specifications for the attached nonvolatile memory. A faster
memory may allow for faster configuration.

e Furthermore, in Master modes, the FPGA's CCLK output frequency varies with
process, voltage, and temperature. The fastest guaranteed configuration rate depends
on the slowest guaranteed CCLK frequency as shown in the respective data sheet. If
an external clock is available on the board, it is also possible to configure the FPGA in
a Slave mode while still using an attached nonvolatile memory.

Will the FPGA or FPGASs be loaded with a single configuration image or
loaded with multiple images?

In most FPGA applications, the FPGA is loaded only when the system is powered on.

However, some applications reload the FPGA multiple times while the system is
operating, with different FPGA bitstreams for different functions. For example, the FPGA
may be loaded with one bitstream to implement a power-on self-test, followed by a second
bitstream with the final application. In many test equipment applications, the FPGA is
loaded with different bitstreams to execute hardware-assisted tests. In this way, one
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smaller FPGA can implement the equivalent functionality of a larger ASIC or gate array
device.

The downloaded or Slave configuration modes easily support reloading the FPGA with
multiple images. However, this is also possible on Spartan-3E and Spartan-3A/3AN/3A
DSP FPGAs using the MultiBoot feature.

See Chapter 14, “Reconfiguration and MultiBoot” for more information.

What I/O voltages are required in the end application?

The chosen FPGA configuration mode places some constraints on the FPGA application,
specifically the I/O voltage allowed on the FPGA's configuration banks.

For example, the SPI or BPI modes leverage third-party Flash memory components that
are usually 3.3V-only devices. This then requires that the I/O voltage on the bank or banks
attached to the memory also be 3.3V. In most applications, this is not an issue.

However, if a voltage other than 3.3V is required, specifically 2.5V, consider using a Xilinx
Platform Flash PROM, which supports a range of output voltages via a separate supply on
the Platform Flash PROM.

Will the FPGA application need to store nonvolatile data?

Some FPGA applications store data in external nonvolatile memory. Spartan-3E or
Spartan-3A /3A DSP FPGAs provide some useful enhancements for these applications.

e Spartan-3E and Spartan-3A /3A DSP FPGAs can configure directly from external
commodity serial or parallel Flash PROMs.

e The Flash PROM address, data, and control pins are only borrowed by the FPGA
during configuration. After configuration, the FPGA has full read /write control over
these pins.

e The FPGA configuration bitstreams and the application’s nonvolatile data can share
the same PROM, reducing overall system cost.

See Chapter 4, “Master SPI Mode” or Chapter 5, “Master BPI Mode” for additional
information.

Should the FPGA I/O pins be pulled High via resistors during configuration?

Some of the FPGA pins used during configuration have dedicated pull-up resistors during
configuration. However, the majority of user-I/O pins have optional pull-up resistors that can
be enabled during the configuration process. During configuration, a single control line
determines whether the pull-up resistors are enabled or disabled. The name of the control pin
varies by Spartan-3 generation family. On Spartan-3A/3AN/3A DSP FPGAs, this pin is called
PUDC_B (pull-up during configuration, active Low) and on Spartan-3E FPGAs, this same pin is
called HSWAP, short for hot-swap. On Spartan-3 FPGAs, the same pin is called HSWAP_EN.

Why enable the pull-up resistors during configuration? Floating signal levels are problematic in
CMOS logic systems. Other logic components in the system may require a valid input level
from the FPGA. The internal pull-up resistors generate a logic High level on each pin.
Generally, a device driving signals into the FPGA can overcome the pull-up resistor. Similarly,
an individual pin can be pulled down using an appropriately-sized external pull-down resistor.

Why disable pull-up resistors during configuration? In hot-swap or hot-insertion applications,
the pull-up resistors provide a potential current path to the I/O power rail. Turning off the pull-
up resistors disables this potential path. However, then external pull-up or pull-down resistors
may be required on each individual I/O pin.
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See “Pull-Up Resistors During Configuration,” page 58 for additional information.

Does the application target a specific FPGA density or should it support
migrating to other FPGA densities in the same package footprint?

The package footprint and pinouts for Xilinx Spartan-3 generation FPGAs are designed to
allow migration between different densities within a specific family. For example, three
different Spartan-3E FPGAs support the identical package footprint when using the 320-
ball fine-pitch ball grid array package (FG320). As shown in Table 1-4, the smallest of
devices, the XC3S500E, requires approximately 2.2 Mbits for configuration. The largest of
these devices, the XC351600E, requires 5.7 Mbits for configuration.

Likewise, an FPGA application may store other nonvolatile data in the Flash memory,
requiring a larger storage device.

To support design migration between device densities, allow sufficient configuration
memory to cover the largest device in the targeted package. In the example provided
above, allow up to 5.7 Mbits for configuration. This allows the application to use any
Spartan-3E FPGA available in the FG320 package.

In downloaded applications, simply reserve enough space in memory for the largest
anticipated, uncompressed FPGA bitstream.

In self-loaded applications, use a PROM footprint and the associated FPGA configuration
mode to facilitate easy migration. Table 1-3 provides example migration options using
different FPGA configuration modes, different PROM families, and different package
options. For example, Xilinx Platform Flash provides excellent migration between 1 to 4
Mbits using the XCFxxS serial family and between 8 to 32 Mbits using the XCFxxP parallel
family. If an application spans between the two, use two separate footprints, one for each
Platform Flash sub family. Be aware that the XCFxxP Flash family requires a 1.8V core
supply voltage input while the XCFxxS requires 3.3V. Both families provide 3.3V I/0O.
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Table 1-3:

PROM Families and Footprint Compatible Package Migration

Config.
Mode

PROM
Family

Package
Option

PROM Density in Bits/Associated Part Numbers

1M

2M

aMm

8M

16M

32M

64M

Master
Serial
Mode

XCFxxS serial
Platform Flash

VO20

XCFO01S

XCFO02S

XCF04S

XCFxxP parallel
Platform Flash

VO48

XCF08P

XCF16P

XCF32P

FS48

XCF08P

XCF16P

XCF32P

Master
SPI Mode

ST-compatible
SPI Flash
(Multi-Package
Footprint)

8SOIC JEDEC
8SOIC EIA]
1650IC
S8MLP

Part number varies by vendor.

Atmel
AT45DBxxxD
SPI Flash
(Multi-Package
Footprint)

8SOIC JEDEC
8SOIC EIA]
8CASON

‘011D

‘021D

‘041D

‘081D

‘161D

‘321D

‘642D

Master
BPI Mode

x8 Parallel NOR
Flash

40-pin TSOP

Part number varies by vendor.

x8/x16 Parallel
NOR Flash

48-pin TSOP

Part number varies by vendor.

x8 or x8/x16
Parallel NOR
Flash

48-ball FBGA

Part number varies by vendor.

Notes:

1. Platform Flash PROMs also work in Master BPI mode, as described in “Using Xilinx Platform Flash PROMs with Master BPI Mode,”

page 152.

The SPI serial Flash vendors offer a wider migration range but do require a multi-package
footprint. For example, the Atmel DataFlash SPI serial Flash family spans the range of

1 Mbit to 64 Mbit using a single footprint that accommodates the JEDEC and EIA] versions
of the 8-pin SOIC package along with the 8-connector CASON package. The STMicro
(Numonyx) SPI serial Flash has uses a different footprint that uses a combined 8-pin and
16-pin SOIC footprint and is also compatible with devices from multiple SPI Flash
vendors. See “Multi-Package Layout,” page 135.

Similarly, parallel Flash supports a wide density range in a common, multi-vendor
package footprint.

What is the anticipated production lifetime for the end product?

Consider whether your application has a relatively short or a relatively long production
lifetime. Commodity memories generally have a shorter production lifetime than the
proprietary Xilinx Platform Flash PROMs. For example, if building an industrial
application that will be manufactured for five years or more, then Xilinx Platform Flash
PROMSs may provide better long-term availability. Similarly, the In-System Flash (ISF)
memory on Spartan-3AN comes integrated with the FPGA.

Products with shorter production lifetimes may benefit from the multi-vendor pricing and
multi-sourcing of commodity memories.
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Do you want to protect your FPGA bitstream against unauthorized
duplication?

Like processor code, the bitstream that defines the FPGA’s functionality loads into the
FPGA during power-on. Consequently, this means that an unscrupulous company can
capture the bitstream and create an unauthorized copy of the design.

Like processors, there are multiple techniques to protect the FPGA bitstream and any
intellectual property (IP) cores embedded in the FPGA. The most powerful of these is
called authentication and is more fully described in Chapter 15, “Protecting FPGA
Designs.”

Do you want to load multiple FPGAs with the same configuration bitstream?

Generally, there is one configuration bitstream image per FPGA in a system. As shown in
Figure 1-3, multiple, different FPGA bitstream images can share a single configuration
PROM by leveraging a configuration daisy-chain. However, what if all the FPGAs in the
application have the same part number and use the same bitstream? Fortunately, in this
case, only a single bitstream image is required. An alternative solution, called a ganged or
broad-side configuration, loads multiple, similar FPGAs with the same bitstream. See
Figure 3-5, page 81 or Figure 4-7, page 114 for an example.

Caution! The Spartan-3AN FPGA family does not support configuration daisy-chains when
configured using the Internal Master SPI mode.

Will the FPGA be used in a PCI™ application?

The PCI™ Local Bus Specification, Revision 3.0 (“the PCI specification”) defines a number
of power and reset requirements. These requirements, when considered in an FPGA
implementation, create several challenges that must be addressed for long term reliability
and broad interoperability. See XAPP457, “Powering and Configuring Spartan-3
generation FPGAs in Compliant PCI Applications”, for more details.

Where to go for debugging support

This user guide attempts to make FPGA configuration easy and straight forward. Should
problems occur, please visit the interactive Configuration Debug Guide to you through the
configuration debugging process.

¢ Configuration Debug Guide
http:/ /survey.xilinx.com/ss/wsb.dll/ Xilinx/Configuration_Debug Guide.htm

FPGA Configuration Bitstream Sizes

By default, FPGA configuration images are uncompressed. In an uncompressed FPGA
bitstream, the size of the image is constant regardless of the complexity of the underlying
FPGA application. Put another way, a single inverter requires the same bitstream size as a
complex MPEG4 encoder implemented in the same FPGA array.

Uncompressed Bitstream Image Size

Table 1-4 provides the number of bits in an uncompressed FPGA bitstream for each
specific part number of the Spartan-3 generation.
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Table 1-4: Number of Bits in an Uncompressed FPGA Bitstream Image

T EpGA Famiy || FPGAPartNumber Configuration Bits
XC3S50A /AN 437,312
XC3S200A /AN 1,196,128
Spartan-3A/3AN FPGA XC35400A /AN 1,886,560
XC3S700A /AN 2,732,640
XC351400A /AN 4,755,296
XC3SD1800A 8,197,280
Spartan-3A DSP
XC3SD3400A 11,718,304
XC3S100E 581,344
XC3S250E 1,353,728
Spartan-3E FPGA XC3S500E 2,270,208
XC3S1200E 3,841,184
XC3S1600E 5,969,696
XC3S50 439,264
XC35200 1,047,616
XC35400 1,699,136
XC351000 3,223,488
Spartan-3 FPGA
XC351500 5,214,784
XC352000 7,673,024
XC354000 11,316,864
XC355000 13,271,936

Bitstream Format

The typical FPGA user does not need a bit-level understanding of the configuration
stream. However, for the purpose of understanding configuration options and for
debugging, an overview of the bitstream format is helpful. For more details, see the
chapter Sequence of Events and XAPP452: Spartan-3 Advanced Configuration Architecture.

Synchronization Word

Embedded at the beginning of an FPGA configuration bitstream is a special
synchronization word. The synchronization word alerts the FPGA to upcoming
configuration data and aligns the configuration data with the internal configuration logic.
Any data on the configuration input pins prior to synchronization is ignored. Because the
synchronization word is automatically added by the Xilinx bitstream generation software,
this step is transparent in most applications. The length and contents of the
synchronization word differ between the Spartan-3A /3AN/3A DSP FPGA families and
the Spartan-3 and Spartan-3E FPGA families, as outlined in Table 12-3.
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Array ID

Next the array ID is embedded in the bitstream so that the FPGA can check that it matches
its internal array ID. This prevents the FPGA from mistakenly attempting to load
configuration data intended for a different FPGA array. For example, the array ID check
prevents an XC351000 from being configured with an XC35200 bitstream. Table 12-4 shows
the Spartan-3 generation array ID codes.

Data Frames

Next is the internal configuration memory, partitioned into segments called "data frames."
The Spartan-3 generation configuration memory can be visualized as a rectangular array
of bits. The bits are grouped into vertical frames that are one-bit wide and extend from the
top of the array to the bottom. A frame is the atomic unit of configuration. It is the smallest
portion of the configuration memory that can be written to or read from. The number and
size of frames varies with device size (seeTable 1-5). The total number of configuration bits
for a particular device is calculated by multiplying the number of frames by the number of
bits per frame, and then adding the total number of bits needed to perform the
configuration register writes.

Table 1-5: Spartan-3 Generation Configuration Data Frames

P roA ramy | FPOAPartNumber  NERIEOT | FrATe SO
XC3S50A /AN 367 1,184
XC35200A/AN 540 2,208
Spartan-3A/3AN FPGA XC35400A/AN 692 2,720
XC35700A/AN 844 3,232
XC351400A/AN 996 4,768
XC3SD1800A 1,414 5,792
Spartan-3A DSP
XC3SD3400A 1,718 6,816
XC3S100E 368 1,568
XC3S250E 577 2,336
Spartan-3E FPGA XC3S500E 729 3,104
XC3S1200E 958 4,000
XC3S1600E 1,186 5,024
XC3S50 368 1,184
XC35200 615 1,696
XC35400 767 2,208
XC351000 995 3,232
Spartan-3 FPGA
XC351500 1,223 4,384
XC352000 1,451 5,280
XC354000 1,793 6,304
XC355000 1,945 6,816
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CRC

Next is the Cyclic Redundancy Check (CRC) value. As the configuration data frames are
loaded, the FPGA calculates a CRC value. After the configuration data frames are loaded,
the configuration bitstream issues a Check CRC instruction to the FPGA. If the CRC value
calculated by the FPGA does not match the expected CRC value in the bitstream, then the
FPGA pulls INIT_B Low and aborts configuration. Refer to “CRC Checking during
Configuration,” page 299 for additional information.

Bitstream Compression

By default, FPGA bitstreams are uncompressed. However, Spartan-3 generation FPGAs
support basic bitstream compression. The compression is fairly simple, yet effective for
some applications. The ISE® bitstream generator software examines the FPGA bitstream
for any duplicate configuration data frames. These duplicates occur often in the following
situations.

e FPGA designs with unused block RAM or hardware multipliers.

e FPGA design with low logic utilization, i.e., most of the FPGA array is empty.

The ISE software can then generate a compressed FPGA bitstream. When the FPGA
configures, the internal configuration controller copies the redundant data frame to
multiple locations. Because of the extra processing required by the FPGA configuration
controller, the maximum configuration clock frequency is reduced to 20 MHz on Spartan-

3 and Spartan-3E FPGAs, as shown in Table 1-6. Spartan-3A /3AN/3A DSP FPGAs
support the full CCLK frequency range, even with compressed bitstreams.

Table 1-6: Maximum CCLK Frequency When Using Compressed Bitstream

Spartan-3A
Spartan-3 Spartan-3E Spartan-3AN
FPGA FPGA Spartan-3A DSP
FPGA
Me%xmmm CCLK Freguency When 20 MHz 20 MHz 80 MHz
Using Compressed Bitstream

The amount of compression is non-deterministic. Changes to the source FPGA design may
cause the size of the compressed bitstream to grow. Sparse, mostly-empty FPGA designs
have the greatest overall compression factor. Similarly, FPGA designs with an empty
column of block RAM have a high compression factor.

The overall benefits of a compressed bitstream are as follows.

e Smaller memory footprint.

e Faster programming time for nonvolatile memory.

There are two methods to generate a compressed bitstream, from within the ISE Project
Navigator or from the command line.

From Project Navigator, check the Enable BitStream Compression option, shown as Step
4 in Figure 1-6.

From the command line, add the -g Compress option to the BitGen command line.
bi tgen -g Conpress <other options> ...

Furthermore, the parallel Platform Flash PROMs offer their own compression
mechanisms.
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Packet Format

A Spartan-3 generation bitstream consists of a specific sequence of writes to the
configuration registers. After synchronization, all data, register writes, and frame data are
encapsulated in packets. There are two kinds of packets: Type 1 and Type 2. A Type 1
packet consists of two parts: a header and the data. The header (see Figure 1-4) describes
which register is being accessed, whether it is a read or write operation, and the size of the
data to follow. The data portion, always immediately following the header, is the number
of 32-bit words specified in the header.

15 14‘13 12‘11 10 9‘8 7‘6 5| 4 3‘2 1‘0

Type Op Register Address Word Count

0‘0‘1 x‘x x‘x‘x‘x‘x‘x x‘x‘x‘x‘x
1. Type ="001" for Type 1 and "010" for Type 2
2. Op ="10" for Write and "01" for Read

Figure 1-4: Spartan-3A/3AN/3A DSP Type 1 Packet Header

For information on Spartan-3 FPGA packet formats, see XAPP452 Spartan-3 Advanced
Configuration Architecture.

Setting Bitstream Options, Generating an FPGA Bitstream

After specifying and compiling an FPGA design, generate an FPGA bitstream using either
the ISE Project Navigator or the bitstream generator command-line utility, BitGen. The
specific details of the bitstream options are described throughout this user guide.

ISE Software Project Navigator

Figure 1-5 shows how to set options for the Bitstream Generator from within the ISE
Project Navigator window.

o \ 1// I

Proceszses:

S8 | @ Generate Programming File
' i | E]iE Programming File Gene
-1 Generate PROM, ACE,  Rerun
“ [ Configure Device [IMP: gt Rerun Al

‘5
I - E: Stop \?/
E'—I: [OCEsTes | r Open Witho . UMating
O e
wlil Et
L )~

UG332_c1_04_120306

Bum

Figure 1-5: Setting Bitstream Generator Options from ISE Project Navigator

1. Right-click Generate Programming File.
2. Click Properties.
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LCategaory

eneral Option:

Lonmfguration Upnans
& Startup Options

Readback Options

Property Hame Walue
Run Design Rules Checker [DRC)
Create Bit File

Create Binary Configuration File

d

~

-
Create ASCI Configuration File r \

—

7

Create [EEE 1532 Configuration File

Enable BitStream Compression

Enable Debugging of Senal Mode BitStream r \\5/

Enable Cpzlic Redundancy Checking [CRC) '7
Other Bitgern Command Line Options |

Froperty dizplay level: I.-'-‘-.dvanced "I Drefault |

0k Canicel | Apply | Help |

4

ug332_C1_05_091106

Figure 1-6: Bitstream Generator General Options

3. Click General Options, as shown in Figure 1-6.

To compress the FPGA bitstream, check Enable BitStream Compression.

To enter specific bitstream generator command-line options that are not already
supported by the graphical interface, enter the option strings in the space provided.
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E Process Properties E
LCategaory \ 6

5 enaral MNabinas
Configuration Optionz
b DAL LPIonS

resdhack Bptons Property Hame | Yalue | \\7/
Configuration B ate | 17 _|
Configuration Pin Program Pull Up _I
Configuration Pin Done Pull Up _| V
JTAG Pin TCK Pull Up | \ \/
JTAG Fin TOI Pull Up |
JTAG Fin TDO Pull Up |
JTAG Fin TS Pull Up | \]\'y
Uriused I0B Fins | Pull Down =]
UserlD Cade [% Digit Hexadecimal] | 0x01234567 \]\_y

Property dizplay level: I.ﬁ.dvanced TI Drefault

] Cancel | Spply | Help

A

10.

UG332_c1_06_091106

Figure 1-7: Bitstream Generator Configuration Options

Click Configuration Options, as shown in Figure 1-7.

If using one of the Master configuration modes, set the CCLK Configuration Rate
frequency. This setting is not used for Slave mode configuration. The specific setting
depends on the specific FPGA family, the attached configuration memory, and the
configuration mode. Specific values are recommended in later chapters, depending on
the speed of the attached memory.

The FPGA’s DONE and PROG_B (Program) pins each have a dedicated pull-up
resistor during configuration. These resistors become optional after configuration. The
specific example is from a Spartan®-3E FPGA application. Spartan-3 and Spartan-3A
FPGAs have additional options.

The FPGA’s JTAG pins each have a dedicated pull-up resistor during configuration.
These resistors become optional after configuration.

By default, unused I/0 blocks are configured as inputs with a pull-down resistor.
Other options are available. See UnusedPin bitstream option.

. Each FPGA bitstream can include an 8-digit hexadecimal (32-bit) identifier that can be

read via the FPGA’s JTAG port.
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15.

16.

UG332_c1_07_120106

Figure 1-8: Bitstream Generator Startup Options

Click Startup Options, as shown in Figure 1-8.

After the FPGA configuration bitstream is loaded into the FPGA, the FPGA enters its
Startup phase. The timing of each Startup cycle is controlled by a selectable clock
source. See “Startup Clock Source,” page 242.

The Startup phase of FPGA configuration provides six different cycles to synchronize
the following startup events. The event can be assigned to a specific cycle or be
synchronized to the DONE signal. See “Startup,” page 240.

¢ The timing of when output drivers are enabled

¢ The timing of when the write-protect lock is removed from writable clocked
elements

¢ The timing of when the DONE pin goes active.

If the DCM_WAIT=TRUE attribute is set on a Digital Clock Manager (DCM) within the
FPGA, the FPGA optionally waits for the Delay-Locked Loop (DLL) within the DCM
to lock to the incoming clock signal before finishing configuration. See “Waiting for
DCMs to Lock, DCI to Match,” page 242.

The FPGA’s DONE pin can actively drive High after configuration. This option should
only be set for single-FPGA applications or for the last FPGA in a multi-FPGA
configuration daisy chain. See “DONE Pin,” page 48.
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'‘Readback Optionz
Property Hame | value | \18
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Figure 1-9: Bitstream Generator Readback Options

17. Click Readback Options, as shown in Figure 1-9.

18. By default, FPGA bitstreams can be read back via JTAG. Other options exist to disable
FPGA readback. See “Basic FPGA Hardware-Level Security Options,” page 279.

19. Click OK when finished.

BitGen Command Line Utility

For designers that prefer command-line processing and to support scripting, the ISE
software also provides a command-line bitstream generator utility called BitGen.

For a quick summary of available options for particular FPGA family, type the command
shown in Table 1-7 in a DOS box or command window.

Table 1-7: Command Line to Review Bitstream Generator Options per Family

FPGA Family Command Line
Spartan-3 FPGAs bi tgen -hel p spartan3
Spartan-3E FPGAs bi tgen -hel p spartan3e
Spartan-3A FPGAs bi tgen -hel p spartan3a

Spartan-3AN FPGAs bi tgen -hel p spartan3an
Spartan-3A DSP FPGAs bi t gen -hel p spartan3adsp

For complete documentation on the bitstream generator software, please refer to the
BitGen chaper of the following software manual.

e ISE10.1 Development System Reference Guide
http:/ /toolbox.xilinx.com /docsan /xilinx10/books/docs/dev/dev.pdf
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Chapter 2

Configuration Pins and Behavior during
Configuration

The FPGA'’s configuration flexibility means that many pins serve multiple purposes. Some
pins are merely borrowed during configuration, only to be released back to the FPGA
application as user-defined I/O pins. Other pins are dedicated to configuration. This
chapter describes how these various pins behave during the configuration process. During
configuration includes the time when the FPGA first powers up, after PROG_B is pulsed
Low, or during configuration or re-configuration including MultiBoot.

General Configuration Control Pins

A few pins control the overall FPGA configuration process. These include the following
and are similar on all Spartan®-3 generation FPGAs. The four-wire JTAG interface is a
separate and independent configuration interface discussed primarily in Chapter 9, “JTAG
Configuration Mode and Boundary-Scan”.

The mode select pins, M[2:0], define the configuration mode that the FPGA uses to
load its configuration data.

The DONE pin, when High, indicates when the FPGA successfully completed loading
its configuration data.

The program pin, PROG_B, initiates the configuration process. The FPGA also
automatically initiates configuration on power-up. The JTAG interface has a separate
JTAG command to initiate configuration. The PROG_B pin also forces a master reset
on the FPGA.

The configuration clock pin, CCLK, defines the timing for the FPGA'’s configuration
process. If the M[2:0] mode select pins define a Master mode, then the FPGA
internally generates CCLK. If the M[2:0] mode select pins define a Slave mode, then
CCLK is an input to the FPGA from an external timing reference.

The INIT_B pins performs multiple functions. At the start of configuration, INIT_B
goes Low indicating that the FPGA is clearing its internal configuration memory--a
process called housecleaning. Later, when the FPGA is actively loading its
configuration bitstream, INIT_B goes Low if the bitstream fails its CRC check. On
Spartan-3A/3AN/3A DSP FPGAs, if so enabled in the FPGA application, the INIT_B
pin also potentially signals a post-configuration CRC error.

During configuration, some pins have built-in pull-up resistors. The remaining pins
each have an optional pull-up resistor controlled by a single control input pin. This
pin has different names on different architectures as shown in Table 2-12.
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Choose a Configuration Mode: M[2:0]

The mode select pins, M[2:0], define the configuration mode that the FPGA uses to load its
bitstream, as shown in Table 2-1. The logic levels applied to the mode pins is sampled on
the rising edge of INIT_B, immediately after the FPGA completes initializing its internal

configuration memory.

Table 2-1: Mode Pin Settings and Associated FPGA Configuration Mode by Family
FPGA Family
Spartan-3A
M[2:0] Spartan-3 Spartan-3E Spartan-3A DSP Spartan-3AN
<0:0:0> Master Serial (Platform Flash) Mode
<0:0:1> Reserved Master SPI Mode
<0:1:0> Reserved BPI Up
<0:1:1> Master Parallel BPI Down Reserved Interng})l}/[aster
<1:0:0> Reserved
<1:0:1> JTAG Mode
<1:1:0> Slave Parallel Mode
<1:1:1> Slave Serial Mode

M[2:0] Functional Differences between Spartan-3 Generation Families

Table 2-2 summarizes the slight differences in functionality between the Spartan-3

generation families.

Table 2-2: M[2:0] Mode Pin Differences between Spartan-3 Generation FPGASs
Spartan-
SpFaFﬁtG""XG Spigg’X?’E 3A/3AN/3A DSP
FPGA
Aval.lable as possible user I/O pin after No Yes Yes
configuration?
Ded.lcated 1pterna} pull-up resistor Yes No Yes
during configuration?
Mechanism to define post-configuration M2Pin,
behavior M1Pin,
MOPin User I/O User I/O
bitstream
options
Input supply voltage Vecaux Veeaux Veeaux
Output supply voltage N/A VCCO_2 VCCO_2
Same voltage as other pins in the Only when
configuration interface? interface is at Yes Yes
2.5V
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Spartan-3A/3AN/3A DSP and Spartan-3E FPGA Families

On the Spartan-3A/3AN/3A DSP and Spartan-3E FPGA families, the M[2:0] mode select
pins are borrowed during configuration and become full user I/O after configuration
successfully completes. The M[2:0] pins are powered by the VCCO_2 supply.

Spartan-3E FPGAs

The Spartan-3E FPGA mode pins do not have dedicated pull-up resistors during
configuration. However, these pins have optional pull-up resistors during configuration,
controlled by the Spartan-3E HSWAP pin. If the mode pins are unconnected and if the
HSWAP is Low, then the Spartan-3E FPGA defaults to the Slave Serial configuration mode
(M[2:0] = <1:1:1>.

Spartan-3A/3AN/3A DSP FPGAs

The Spartan-3A /3AN/3A DSP FPGA mode pins have dedicated internal pull-up resistors
during configuration, regardless of the PUDC_B pin. If the mode pins are unconnected,
then the Spartan-3A /3AN/3A DSP FPGA defaults to the Slave Serial configuration mode
(M[2:0] = <1:1:1>.

Spartan-3 FPGA Family

On the Spartan-3 FPGA family, the M[2:0] mode select pins are dedicated inputs, powered
by the Vccaux supply.

Before and during configuration, the mode pins have a relatively strong internal pull-up
resistor to the Vcaux supply, regardless of the HSWAP_EN pin.

If the mode pins are unconnected, then the FPGA defaults to the Slave Serial configuration
mode (M[2:0] = <1:1:1>. These resistors can be controlled after the Spartan-3 FPGA
successfully configures using the bitstream generator options M2Pin, M1Pin, and MOPin.
These options define whether a pull-up resistor, pull-down resistor, or no resistor is
present on its respective mode pin, M0, M1, or M2. By default, all three pins will have an
internal pull-up resistor to Vecayx-

Defining M[2:0] after Configuration for Minimum Power Consumption

During configuration, the M[2:0] pin may be tied directly to power or ground, tied High or
Low using external resistors, or actively driven by an external component. To further
minimize power consumption, adjust the post-configuration behavior of the M[2:0] pins so
that they match the required configuration setting shown in Table 2-1, page 46, either by
defining their value in the FPGA application or by adjusting the associated bitstream
options. Essentially, avoid any unnecessary current paths through pull-up or pull-down
resistors.

Table 2-3 summarizes the default post-configuration behavior on both Spartan-3 and
Spartan-3E/3A /-3AN FPGA families, which have slightly different functionality.
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Table 2-3: Default Post-Configuration Behavior of M[2:0] Pin

Spartan-3 FPGAs Spartan-3E, Spartan-3A/3AN/3A DSP FPGAs

After configuration, the M[2:0] After configuration, the M[2:0] pin are available as user-
pins have optional pull-up and I/0 pins. If these pins are not defined in the FPGA
pull-down resistors controlled by | application, then these pins are treated as unused I/O
the M2Pin, M1Pin, and MOPin pins. The behavior of unused I/O pins is defined by the
bitstream options. Unless changed | UnusedPin bitstream option. Unless defined in the

in the bitstream, all three M[2:0] FPGA application or changed via the UnusedPin option,
have pull-up resistors. all three M[2:0] have internal pull-down resistors.

DONE Pin

The FPGA actively drives the DONE pin Low during configuration. When the
configuration process successfully completes, the FPGA either actively drives the DONE
pin High (“DriveDone”) or allows the DONE pin to float High using either an internal or
external pull-up resistor, controlled by the DonePin bitstream generator option.

In a multi-FPGA daisy-chain or broadside configuration, the open-drain option permits
the DONE lines of multiple FPGAs to be tied together, so that the common node transitions
High only after all of the FPGAs have successfully completed configuration. Externally
holding the open-drain DONE pin Low stalls the “Startup” sequence.

The DONE pin is powered by the Ve aux supply. The DONE pin functionality is common
to all Spartan-3 generation FPGAs.

Associated Bitstream Generator (BitGen) Options

The DONE pin has various option bits that controls this pin’s behavior during and after
configuration. These options are summarized immediately below and described in detail
on the next few pages.

¢ DriveDone defines whether the DONE pin is an active driver or an open-drain
output.

e DonePin defines whether or not the DONE pin has an internal pull-up resistor.

e DONE_cycle defines the Startup state where is DONE driven High or released to float
High.

¢ DonePipe adds an extra pipelining stage before the FPGA actually completes
configuration.
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DriveDone

The DriveDone bitstream generator option, shown in Table 2-4, defines whether the DONE
pin has a totem-pole output that actively drives High or acts an open-drain output. If
configured as an open-drain output—which is the default behavior—then a pull-up
resistor is required to produce a High logic level. The DonePin bitstream option controls
the pull-up resistor.

Table 2-4: DriveDone Bitstream Generator Option

Setting Description

Default. The DONE pin is an open-drain output. A pull-up resistor to Vccapyyx is
No | required. An internal pull-up resistor is available using the DonePin:Pullup
bitstream generator option.

The DONE pin actively drives High when the FPGA completes the configuration
process.

Yes

Set DriveDone:Yes in single-FPGA applications or for the first design in a multi-FPGA
design.

This option is set graphically in the “ISE Software Project Navigator,” page 39 by checking
Drive Done Pin High during Step 16 in Figure 1-8, page 42.

See Table 2-6 for the interaction between DriveDone and DonePin.

DonePin

The DonePin bitstream generator option, shown in Table 2-5, defines whether or not an
internal pull-up resistor is present on the DONE pin to pull the pin to Vccayx. If the
pull-up resistor is eliminated, then the DONE pin must be pulled High using an external
300€2 to 3.3kQ pull-up resistor.

Table 2-5: DonePin Bitstream Generator Option

Setting Description
Default. After configuration, the DONE pin has an internal pull-up
Pullup .
resistor to Vccayux:
There is no internal pull-up resistor on DONE. An external 300Q to 3.3kQ
Pullnone pull-up resistor to Ve ayx is required. The pull-up resistor must be

strong enough to pull the DONE pin to a valid High within less than one
CCLK cycle.

This option is set graphically in the “ISE Software Project Navigator,” page 39 by selecting
the Configuration Pin Done setting during Step 8 in Figure 1-7, page 41.

See Table 2-6 for the interaction between DriveDone and DonePin.
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Table 2-6: Interaction between DriveDone and DonePin Bitstream Generator Options for DONE Pin

DONE Actively Drives

Open-Drain with
Internal Pull-up (Default)

Open-Drain with
External Pull-Up

VCCAUX VCCAUX
. Active driver 3%03!% éo
Diagram LVCMOS '
—>[>—‘ DONE DONE DONE
VCCAUX VCCAUX VCCAUX

Startup «g—— Startup -¢—— Startup

Sequencer UG332_c2_01_120106a Sequencer UG332_c2_01_120106b Sequencer UG332_c2_01_120106¢
DriveDone: Yes No No

DonePin: Pullnone Pullup Pullnone

Recommended Usage for Various Configuration Topographies

Single FPGA

Best OK OK but requires external pull-up

Daisy-Chain

Only on first FPGA

For all down-stream FPGAs in
the chain. Also allowed on the
first FPGA in the chain.

in the chain OK but requires external pull-up

Broadside

All FPGAs in a broadside

Do Not Use! . .
configuration

OK but requires external pull-up

DONE_cycle

The DONE_cycle option controls during which cycle the DONE pin is asserted during the
Startup sequence, just prior to the completion of a successful configuration. See “Startup,”
page 240.

This option is set graphically in the “ISE Software Project Navigator,” page 39 by adjusting
the Done (Output Events) setting during Step 14 in Figure 1-8, page 42.

DonePipe

The DonePipe option is used in a some multi-FPGA applications.

After all DONE pins are released in a multi-FPGA configuration, the DONE pin must
transition from Low to High in a single Startup clock cycle (StartupClk). If additional time
is required for the DONE signal to rise within a single Startup cycle, set the DonePipe:Yes
bitstream generator option for all devices in the daisy chain or broadside configuration.

Set this option graphically in “ISE Software Project Navigator,” page 39 by checking the
Enable Internal Done Pipe option box shown in Figure 1-8, page 42.

DONE Synchronizes Multiple FPGAs in a Daisy Chain or Broadside
(Ganged) Configuration

In a single-FPGA application, the DONE pin merely indicates when the FPGA successfully
configures.

In a multi-FPGA daisy-chain or broadside application, however, the DONE pin also
synchronizes the “Startup” sequence of all the FPGAs, ensuring that the FPGAs transition
smoothly from the configuration process to the active FPGA application.Figure 2-1
provides a three-FPGA example. In a daisy-chain application, FPGAs of different densities

50

www.xilinx.com Spartan-3 Generation Configuration User Guide

UG332 (v1.4) July 1, 2008


http://www.xilinx.com

SXILINX®

General Configuration Control Pins

and architectures are configured in series with different bitstreams. In a broad-side
example, multiple, identical FPGAs are simultaneously loaded with the same bitstream.

Common INIT B node Common DONE node

synchronizes initialization synchronizes the Startup
clearing configuration memory) sequence between
etween different array sizes different FPGAs
FPGA FPGA FPGA
0Q v 0Q 0Q
INIT_B |—wv INIT_B W INIT_B |—w—
0Q 0Q 0Q
DONE /"M DONE |—w DONE |—wW
0Q resistors provide a means

to isolate an individual FPGA to

easily debug a configuration

Issue

Figure 2-1:

UG332_c2_02_111406

DONE and INIT_B Synchronize Daisy-Chain or Broadside Configurations

Connect All DONE Pins

Connect the DONE pins for all devices in a multi-FPGA daisy chain or broadside
configuration. For debugging purposes, it is often helpful to have a way of disconnecting
individual DONE pins from the common DONE signal, so that devices can be individually
configured through the serial or JTAG interface. In Figure 2-1, the FPGAs can be
disconnected by temporarily remove the 0-ohm resistors on the board. Stake-pin or wire
jumpers also work.

DONE Pin Bitstream Generator Options

When generating the bitstream files for each of the FPGAs in the daisy-chain or broadside
configuration, set the DONE pin options as indicated in Table 2-6, page 50.

Also, to successfully configure a daisy-chain, the GTS_cycle bitstream option must be set
to a Startup phase after the DONE_cycle setting for all FPGAs in the chain. This is the
software default setting. Optionally, set GTS_cycle:Done.

Cautions When Mixing Spartan-3A FPGAs with Vccaux = 3.3V and Other
Spartan-3 Generation FPGAs in a Daisy-Chain Configuration

The DONE pin is powered by the FPGA’s Vcayx supply. The Vcayx voltage on
Spartan-3 and Spartan-3E FPGAs is solely 2.5V. For Spartan-3A FPGAs, however, the
Vccaux voltage can be either 2.5V or 3.3V. Spartan-3AN FPGAs require Vocapyyx at 3.3V

Caution! Inamulti-FPGA configuration that mixes Spartan-3A/3AN/3A DSP and other Xilinx®
FPGAs where the Spartan-3A/3AN/3A DSP Vcaux = 3.3V, check for voltage compatibility on
the common DONE node.
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Program or Reset FPGA: PROG_B

The PROG_B pin is an asynchronous control input to the FPGA. When Low, the PROG_B
pin resets the FPGA, initializing the configuration memory. When released, the PROG_B
begins the configuration processes. The initialization process does not start until PROG_B
returns High. Asserting PROG_B Low for an extended period delays the configuration
process. The various PROG_B functions are outlined in Table 2-7.

At power-up or after a master reset, PROG_B always has a pull-up resistor to Vccaux
regardless of the “Pull-Up Resistors During Configuration” control input. After
configuration, the bitstream generator option ProgPin defines whether or not the pull-up
resistor is remains active. By default, the ProgPin option retains the pull-up resistor.

Table 2-7: PROG_B Operation
PROG_B Input Response

Internal “Power-On Reset (POR)” circuit automatically initiates FPGA

Power-u . .
p configuration process.

Low-going pulse | Initiate (re)configuration process and continue to completion.

Extended Low gliti?.te (rez'conii/[guratiorzlpl"gc?ss e}:'nd )s,’faltl plr()((::essf ‘in thet .“CI.eart o
o onfiguration Memory (Initialization)” step. Configuration is stalle
until PROG_B returns High.

If the configuration process is started, continue to completion. If
configuration process is complete, the FPGA remains configured.

After configuration, hold the PROG_B input High. Any Low-going pulse on PROG_B,
lasting 500 ns or longer (300 ns in the Spartan-3 FPGAs), restarts the configuration process.

The PROG_B pin functionality is identical among all Spartan-3 generation FPGAs.

Configuration Clock: CCLK

The configuration clock signal, CCLK, synchronizes the reading or writing of
configuration data. In Master modes, CCLK is generated from an internal oscillator within
the FPGA. In Slave modes, CCLK is an input, driven by the external device providing the
configuration data.

CCLK Differences between Spartan-3 Generation FPGA Families

Table 2-8 summarizes the primary differences between the various Spartan-3 generation
FPGA families. On Spartan-3 FPGAs, the CCLK pin is a dedicated function while on the
other families, CCLK becomes available as a user-programmable I/O pin after
configuration successfully completes.

The CCLK pin is an input-only pin for the Slave Serial and Slave Parallel configuration
modes.
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Table 2-8: CCLK Differences between Spartan-3 Generation FPGA Families

Spartan-3A/3AN
Spartan-3 Spartan-3E Spartan-3A DSP
CCLK pin becomes full user-I/O No Yes Yes
after configuration dedicated pin
CCLK pin supply voltage Vecaux VCCO_2 VCCO_2
CCLK pin behavior after Pull-up or pull-
configuration down resistor
controlled by
CclkPin User I/O User I/O
bitstream
option
CCLK pin directionality during Output only for
Master mode configuration I/0 I/0 improved signal
integrity
CCLK frequency options during 1,3,6,7,8,10,12,
Master mode configuration 3,6,12,25,50 1,3,6,12,25,50 | 13,17,22,25,27,
(ConfigRate) 33,44, 50, 100
CCLK frequency variation o Fully Fully
+50% of . .
ConfieRat characterized. characterized.
f;mf 8 na ¢ Specified in Specified in data
equency data sheet. sheet.

In the Master configuration modes, the FPGA internally generates the CCLK clock source.
As shown in Figure 2-2, there are slight differences in the CCLK circuitry between the
Spartan-3 / Spartan-3E FPGA families and the Spartan-3A /3AN/3A DSP families.

As shown inFigure 2-2a, Spartan-3/3E FPGAs drive the internally-generation CCLK
signal to an output. Like the configuration PROM connected to the FPGA, the FPGA’s
internal configuration logic is clocked by the CCLK signal at the FPGA pin, which
simplifies the interface timing. However, any switching noise on the CCLK pin potentially
also affects the FPGA. Therefore, treat CCLK as a full bidirectional I/O pin for signal
integrity analysis; the FPGA uses the value at the pin to clock internal logic. See “CCLK
Design Considerations,” page 54.

As shown in Figure 2-2b, CCLK is strictly an output on Spartan-3A/3AN/3A DSP FPGAs
in the Master configuration modes. The FPGA’s internal configuration logic is clocked by
the internally-generated CCLK signal and is not susceptible to external switching noise.
That said, good signal integrity on the CCLK board trace is a good design practice.
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LVCMOS LVCMOS

CCLK)

Internal
Oscillator

Internal
Oscillator

HEEN 0_@ LT
Configuration Configuration
Logic Logic
a) Spartan-3 and Spartan-3E FPGAs b) Spartan-3A/3AN/3A DSP
FPGAS UG332 c2 03 040107

Figure 2-2: Differences between Spartan-3/3E and Spartan-3A/3AN/3A DSP FPGAs
for Master Configuration Modes

CCLK Design Considerations

The FPGA’s configuration process is controlled by the CCLK configuration clock.
Consequently, signal integrity of CCLK is important to guarantee successful configuration.
Poor CCLK signal integrity caused by ringing or reflections potentially causes double-
clocking, which might result in failed configuration.

Although the CCLK frequency is relatively low, the FPGA’s output edge rates are fast.
Therefore, pay careful attention to the CCLK signal integrity on the printed circuit board.
Signal integrity simulation with IBIS is recommended. For all configuration modes except
JTAG, the signal integrity must be considered at every CCLK trace destination, including
the FPGA’s CCLK pin.

This analysis is especially important for Spartan-3E FPGAs where the FPGA re-uses the
CCLK pin as a user-1/0O after configuration. In these cases, there might be unrelated
devices attached to CCLK, which add additional trace length and signal destinations.

In the Master Serial, SPI, and BPI configuration modes, the FPGA drives the CCLK pin and
CCLK should be treated as a full bidirectional I/O pin for signal integrity analysis. In BPI
mode, CCLK is only connected to other devices in multi-FPGA daisy-chains, but switching
noise at the FPGA pin could potentially cause false clocking.

The best signal integrity is ensured by following these basic PCB guidelines:

¢ Route the CCLK signal as a 50 Q controlled-impedance transmission line.
¢ Route the CCLK signal without any branching. Do not use a “star” topology.
e Keep stubs, if required, shorter than 12.5 mm (0.5 inches).

e Terminate the end of the CCLK transmission line.

The clock termination examples shown below use parallel termination (Thevenin), but
other approaches are acceptable. In parallel termination, the resistor values are twice the
characteristic impedance of the board trace. The examples shown assume 50 Q trace
impedance. The disadvantage of parallel termination is that there is always a current path.
Using series termination at the source and the end minimizes power, but use IBIS
simulation to optimize resistor values for the specific application.
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Figure 2-3 shows the basic point-to-point topology where the CCLK output from the
Master FPGA drives one clock input receiver, either on the configuration PROM or on a
slave FPGA.

Caution! On Spartan-3E and Spartan-3A/3AN/3A DSP FPGAs, be sure to define a valid logic
level on CCLK. Otherwise, the clock trace might float and cause spurious clocking to other
devices in the system.

Master FPGA PROM Clock Input

Slave FPGA CCLK Input

\Y,

CCo_2

2 X Z, (100Q)

2 X Z, (100Q)

= UG332_c2_05_112206

Figure 2-3: Point-to-Point: Master CCLK Output Drives Single Clock Load

Figure 2-4 shows the basic multi-drop flyby topology where the CCLK output from the
Master FPGA drives two or more clock input receivers. Constrain the trace length on any
clock stubs.

CCLK Clock Input 2

SEAET)

Master FPGA

-qnis

2 X Z, (100Q)

ww gzt > yibua

Clock Input 1

2 X Z, (100Q)

—  UGS332_c2_06_112206

Figure 2-4: Multi-Drop: Master CCLK Output Drives Two Clock Inputs
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Figure 2-5 shows a star topology where the Master FPGA CCLK transmission line
branches to the multiple clock receiver inputs. The branch point creates a significant
impedance discontinuity. Do not use this topology.

Clock input 1

Impedance
Discontinuity

Master FPGA —_—

Clock Input 2

>

UG191_c2_07_112206

Figure 2-5: Star Topology Is Not Recommended

ConfigRate: Bitstream Option for CCLK

For Master configuration mode, the ConfigRate bitstream generator option defines the
frequency of the internally-generated CCLK oscillator. The actual frequency is
approximate due to the characteristics of the silicon oscillator and varies by up to 50% over
the temperature and voltage range. On Spartan-3E and Spartan-3A /3AN/3A DSP FPGAs,
the resulting frequency for every ConfigRate setting is fully characterized and specified in
the associated FPGA family data sheet. At power-on, CCLK always starts operation at its
lowest frequency. Use the ConfigRate option to set the oscillator frequency to one of the
other values shown in Table 2-8.

Set this option graphically in “ISE Software Project Navigator,” page 39, as shown in Step 7
in Figure 1-7, page 41.

The FPGA does not start operating at the higher CCLK frequency until the ConfigRate
control bits are loaded during the configuration process.

Persist: Reserve CCLK As Part of SelectMAP Interface

By default, any clocks applied to CCLK after configuration are ignored unless the
bitstream option Persist:Yes is set, which retains the configuration interface. If Persist:Yes,
then all clock edges are potentially active events, depending on the other configuration
control signals. On Spartan-3E and Spartan-3A /3AN/3A DSP FPGAs, CCLK becomes a
full-featured user-1/0 pin after configuration.
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Spartan-3A/3AN/3A DSP and Spartan-3E FPGA Families

On the Spartan-3A/3AN/3A DSP and Spartan-3E FPGA families, the CCLK pin is
borrowed during configuration and becomes a full user I/O after configuration
successfully completes.

The CCLK pin does not have a dedicated pull-up resistor during configuration. However,
CCLK has an optional pull-up resistor to VCCO_2 during configuration, controlled by the
Spartan-3E HSWAP pin or the Spartan-3A /3AN/3A DSP PUDC_B pin.

If the CCLK pin is not otherwise used by the FPGA application, then drive the pin High or
Low.

Spartan-3 FPGA Family

During configuration, the CCLK pin has a dedicated internal pull-up resistor to Vocaux,
regardless of the HSWAP_EN pin. After configuration, the CCLK pin is pulled High to
Vecaux by default as defined by the CelkPin bitstream selection, although this behavior is
programmable.

Any clocks applied to CCLK after configuration are ignored unless the bitstream option
Persist:Yes is set, which retains the configuration interface. The Persist:No by default.
However, if Persist:Yes, then all clock edges are potentially active events, depending on the
other configuration control signals.

Initializing Configuration Memory, Configuration Error: INIT_B

The INIT_B pin serves multiple purposes during configuration. Shortly after power is
applied, the FPGA drives the INIT_B pin Low, indicating that initialization (i.e.,
housecleaning) of the configuration memory has in progress. When INIT_B returns High,
the FPGA samples the M[2:0] mode select pins and begins the configuration process.

During configuration, the INIT_B pin is an open-drain, bidirectional I/O pin with a
dedicated, internal pull-up resistor, required to produce a High logic level. On Spartan-
3A/3AN/3A DSP and Spartan-3E FPGAs, the INIT_B pull-up resistor connects to
VCCO_2; on Spartan-3 FPGAs, the pull-up resistor connects to VCCO_4 or
VCCO_BOTTOM (the connected VCCO_4 and VCCO_5), depending on the package style.

In a multi-FPGA daisy-chain or broadside configuration, connect (wire-AND) the INIT_B
pins from all FPGAs together, as shown in Figure 2-1, page 51. The common node ensures
that all FPGAs in the design complete their respective housecleaning before any of the
FPGAs is allowed to start configuring. The common node transitions High only after all of
the FPGAs have been successfully initialized.

Externally holding this pin Low beyond the initialization phase delays the start of
configuration. This action stalls the FPGA at the configuration step just before the M[2:0]
mode select pins are sampled. See “Delaying Configuration,” page 235.

During configuration, the FPGA indicates the occurrence of a configuration data error (i.e.,
CRC error) by asserting INIT_B Low. See “CRC Checking during Configuration,”
page 299.

After Configuration

After configuration successfully completes, i.e., when the DONE pin goes High, the
INIT_B pin is available as a full user-I/O pin. The only exception if the “Spartan-
3A/3AN/3A DSP FPGA Post-Configuration CRC” feature is enabled in the application, in
which case the INIT_B is dedicated after configuration as well.
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If the INIT_B pin is not used by the FPGA application after configuration, actively drive it
High or Low. If left undefined, INIT_B, like all other unused pins, is defined by default as
an input with an internal pull-down resistor. If the FPGA board uses an external pull-up
resistor on INIT_B, then the unused pin will float at an intermediate value due to the
presence of both a pull-up and pull-down resistor. To change the default configuration for
unused pins, change the UnusedPin bitstream generator option setting.

If the bitstream generator option Persist:Yes is set, then INIT_B is reserved after
configuration completes.

Spartan-3A/3AN/3A DSP FPGA Post-Configuration CRC

If using a Spartan-3A FPGA, and if using the post-configuration CRC feature, then the
INIT_B pin becomes a dedicated pin and flags any difference in the CRC signature during
normal FPGA operation. See “Post-Configuration CRC (Spartan-3A/3AN/3A DSP
Only),” page 300 for more information.

Spartan-3A/3AN/3A DSP and Spartan-3E FPGA Families

INIT_B is located in I/O Bank 2 and its output voltage determined by VCCO_2.

Spartan-3 FPGA Family

INIT_B is located in I/O Bank 4 and its output voltage determined by VCCO_4 or
VCCO_BOTTOM, depending on package style.

Pull-Up Resistors During Configuration

The FPGA’s configuration control pins have a dedicated, internal pull-up resistor that is
active during the configuration process. All other I/O or Input-only pins have an optional
pull-up resistor during configuration, controlled by a separate control input. The name of
the control input varies by Spartan-3 generation family, as shown in Table 2-12.

Pins with Dedicated Pull-Up Resistors during Configuration

Table 2-9 shows the configuration control pins on all Spartan-3 generation FPGAs that
have a built-in, dedicated, pull-up resistor during configuration. The table also indicates
the supply rail to which the resistor is connected. The dedicated configuration pins also
have a separate bitstream generator (BitGen) option setting that controls the pin’s behavior
after configuration.
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Table 2-9:

Spartan-3 Generation FPGAS)

Pins with Dedicated Pull-Up Resistors during Configuration (All

Pull-Up Resistor Supply

Pin Name Rail Post Configuration Control
PROG_B Vecaux ProgPin BitGen setting
DONE Veeaux DonePin and DriveDone BitGen settings
Pull-up during Spartan-3E and Spartan-3A/3AN/3A DSP
Configuration FPGAs: User 1/0 after configuration.
control input, Controlled by the FPGA application
HSWAP, VCCO_0 Spartan-3 FPGA: Controlled by HswapenPin
PUDC_B, or BitGen setting
HSWAP_EN

(see Table 2-12)

Spartan-3E/3AI3AN/ | User I/O after configuration. Controlled by

Spartan-3A DSP FPGAs: | the FPGA application
VCCO_2
INIT_B
Spartan-3 FPGA:
VCCO_4 or
VCCO_BOTTOM
TDI Vecaux TdiPin BitGen setting
TMS Vecaux TmsPin BitGen setting
TCK Vecaux TckPin BitGen setting
TDO Vecaux TdoPin BitGen setting

As highlighted in Table 2-2, page 46, the Spartan-3A/3AN/3A DSP FPGA family adds a
few more dedicated internal pull-up resistors, as shown in Table 2-10. On Spartan-3E
FPGAs, these pins do not have a dedicated internal pull-up resistor, but do have an
optional pull-up resistor controlled when HSWAP = 0.

Table 2-10: Pins with Dedicated Pull-Up Resistors during Configuration (Spartan-
3A/3AN/3A DSP FPGA Family Only)

Pin Name Pull-Up Re3|s_tor Post Configuration Control
Supply Rail

M[2:0] VCCO. 2 User.I / O after configuration. Controlled by the FPGA
application
Pull-up resistors only active when M[2:0]=<0:0:1>, Master

. SPImode, or in Spartan-3AN FPGAs when M[2:0]=<0:1:1>,

VSI2:0] Veeo_2 Internal Master SPI mode. User I/O after configuration.

Controlled by the FPGA application

The Spartan-3 FPGA family uses dedicated configuration pins, as shown in Table 2-11. The
post-configuration behavior is controlled by bitstream settings.
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Table 2-11: Pins with Dedicated Pull-Up Resistors during Configuration (Spartan-3
FPGA Family Only)

Pin Name Pug:;%:?/e;;s“tor Post Configuration Control
M2 Veeaux M2Pin BitGen setting
M1 Vceeaux M1Pin BitGen setting
MO Vecaux MOPin BitGen setting
CCLK Veeaux CclkPin BitGen setting

Pins with Optional Pull-Up Resistors during Configuration

All user-1/0O pins, input-only pins, and dual-purpose pins that are not actively involved in
the currently-selected configuration mode are high impedance (floating, three-stated,
Hi-Z) during the configuration process. These pins are indicated in Table 2-17 as gray
shaded table entries or cells.

A control input determines whether all user-I/O pins, input-only pins, and dual-purpose
pins have a pull-up resistor to the supply rail or not. The control input has different names
on different FPGA families as shown in Table 2-12, but all function similarly. When the
control is Low, each pin has an internal pull-up resistor that is active throughout
configuration, starting immediately on power-up. Once the Mode pins are read, some of
the dual-purpose pins will take on their configuration function for the remainder of the
configuration process. After configuration, pull-up and pull-down resistors are available
in the FPGA application by instantiating PULLUP or PULLDOWN primitive or by
applying similarly-named constraints to a specific pin.

Table 2-12: Pull-Up Resistor during Configuration Control Input

FPGA Family Pin Name Function
Spartan-3A/3AN/ . ; . . . .
3A DSP FPGA PUDC_B | 0: Pull-up resistors enabled during configuration
1: No pull-up resistors during configuration. Pins
Spartan-3E FPGA HSWAP | that are not active during the configuration
Spartan-3 FPGA HSWAP_EN | Process float Hi-Z.

The control pin itself has a pull-up resistor enabled during configuration. However, the
VCCO_0 supply voltage must be applied before the pull-up resistor becomes active. If the
VCCO_0 supply ramps after the VCCO_2 power supply, do not let the control input pin
float; tie the pin to the desired logic level externally. Note that Spartan-3E step 0 silicon
requires that VCCINT be applied before VCCAUX when using the internal pull-up on
HSWAP.

FPGA Pull-Up Resistor Values

The value of the dedicated and optional pull-up resistors is specified as a current, symbol
Ipy in the respective Spartan-3 generation data sheet. The equivalent resistor values
provided in Table 2-13 are for reference. The pull-up resistors on the Spartan-3 FPGA
family are stronger than the other families.

Caution! The pull-up resistors in Spartan-3 FPGAs are strong, especially at higher Veco
voltages.
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Table 2-13: Pull-Up Resistor Ranges by Spartan-3 Generation Family
Spartan-3A/3AN
Voltage Range Spartan-3 | Spartan-3& Spartan-3A DSP | Units
FPGA FPGA
FPGA
VCCAUX or VCCO =3.0to0 3.6V
5.1t023.9
Veco = 3.0 to 3.45V 1.27 to 4.11 2.4t010.8
kQ
Veeaux of Veco=2.31027V | 1.15t03.25 | 2.7to11.8 6.2 to 33.1
Veco = 1.7 to 1.9V 245t09.10 | 4.3t020.2 8.4 to 52.6

Table 2-14: Recommended External Pull-Up or Pull-down Resistor Values to Define Input Values during
Configuration

Spartan-3A/3AN

PUDC_B, HSWAP, or Desired Pull Spartan-3 Spartan-3E i
HSWAP_EN Direction VO Standard FPGA FPGA Spartan-3A DSP
FPGA
=0 Pull-U All No pull-up required. Internal pull-up resistors are
(also applies to all P enabled. See Table 2-13 for resistor range.
pins that have a
dedicated pull-up vavbg,%?% < 330Q < 620 Q2 < 1.1kQ
resistor during Pull-Down
configuration, see (required to LVCMOS25 < 470Q < 820Q < 1.8kQ
“Pins with Dedicated :
overcome maximum
Pull-Up Resistors Ipy current and LVCMOS18 < 510Q < 820Q2 < 33KkQ
during guarantee Vy;) LVCMOS15 < 820Q < 12kQ < 54KkQ
Configuration,”
page 58) LVCMOS12 < 15kQ < 15kQ < 9.6k
=1 LVCMOS33
< <
(optional pull-up Pull-Up LVTTL S 40k S 100k
ist disabled i
resistorare ¢ Teabie (required to LVCMOS25 < 60kQ
_ during overcome single-
conﬁgureitlon. Does | ]oad, maximum Iy LVCMOS18 < 37kQ
not apply to pins leakage current and
with dedicated pull- | gusrantee Viey) LVCMOS15 < 28KQ
up resistors during LVCMOS12 < 38KkQ
configuration) =
LVCMOS33
< 32kQ < 80k€2
Pull-Down LVTTL
(required to LVCMOS25 < 70kQ
overcome single-
load, maximum I}, LVCMOS18
leakage current and < 38k(2
guarantee Vp) LVCMOs15
LVCMOS12 < 59kQ

Pin Descriptions

Table 2-15 lists the various pins involved in the configuration process, including which
configuration mode, the pin’s direction, and a summary description. The table also
describes how to use the pin during and after configuration.
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Table 2-15: Spartan-3 Generation Configuration Pins, Associated Modes, and Function

Config.

FPGA

Memory, Configuration
Error: INIT_B,” page 57.

pulsed Low while the
FPGA is clearing its
configuration memory.
If a CRC error detected
during configuration,
FPGA again drives
INIT_B Low.

Pin Name Mode(s) Direction Description During Configuration | After Configuration
HSWAP All Input User I/0O Pull-Up Control. | Drive at valid logic Spartan-3:
or When Low during level throughout Dedicated pin (don’t
PUDC B configuration, enables configuration. care after
- pull-up resistors in all I/O configuration)
or pins to respective I/O bank Spartan-3E
HSWAP_EN VCCO input. Spartan-3 A
(depends on 0: Pull-ups during Spartan-3AN
FPGA family) configuration Spartan-3A DSP:
1: No pull-ups User 1/0
M][2:0] All Input Mode Select. Selects the Must be at the logic User 1/0 (dedicated
FPGA configuration mode | levels shown in on Spartan-3 FPGAs)
as defined in Table 2-1. Table 2-1, page 46.
Sampled when INIT_B
goes High.
DIN Serial Input Serial Data Input. for all Receives serial data User I/0
Modes, SPI serial configuration modes | from PROM serial data
output.
CCLK Master Output | Configuration Clock. Drives PROM'’s clock | User 1/0O (dedicated
Modes, SPI, (treat as Generated by FPGA input. on Spartan-3 FPGAs)
BPI 1/0 for internal oscillator.
sional Frequency controlled by
gna . .
integrity) ConfigRate bl.tstream
generator option. See
“Configuration Clock:
CCLK,” page 52.
Slave Input Configuration clock input. | Input configuration
Modes clock source.
DOUT Output Serial Data Output. Not used in sing]le- User 1/0
FPGA designs; DOUT
is pulled up, not
actively driving. In a
serial daisy-chain
configuration, this pin
connects to DIN input
of the next FPGA in the
chain.
INIT_B All Open-drain | Initialization Indicator. Drives Low after User I/0. If unused
bidirec- Active Low. See power-on reset (POR) | in the application,
tional I/O | “Initializing Configuration | or when PROG_B drive INIT_B High or

Low to avoid a
floating value. See
INIT_B “After
Configuration”.
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Table 2-15: Spartan-3 Generation Configuration Pins, Associated Modes, and Function (Continued)

Pin Name 3322(%) Ditgciﬁ\)n Description During Configuration | After Configuration
DONE All Open-drain | FPGA Configuration Actively drives Low When High,
bidirec- | Done. Low during during configuration. | indicates that the
tional I/O | configuration. Goes High FPGA successfully
when FPGA successfully configured.
completes configuration.
Powered by VCCAUX
supply.
0: FPGA not configured
1: FPGA configured
See “DONE Pin,” page 48
PROG_B All Input Program FPGA. Active Must be High during Drive PROG_B Low
Low. When asserted Low configuration to allow | and release to
for 500 ns or longer, forces | configuration to start. | reprogram FPGA.
the FPGA to restart its
configuration process by
clearing configuration
memory and resetting the
DONE and INIT_B pins. If
driving externally with a
3.3V output, use an open-
drain or open-collector
driver or use a current
limiting series resistor. See
“Program or Reset FPGA:
PROG_B,” page 52.
Spartan-3E Master SPI Input Variant Select. Instructs the | Must be at the logic User1/0
Spartan-3A FPGA how to communicate | levels shown in
Spartan-3AN with the attached SPI Flash | Table 4-2, page 99.
Spartan-3A DSP PROM. Sampled when INIT_B
FPGA: goes High.
VS[2:0]
Spartan-3E Master SPI Output Serial Data Output. FPGA sends SPI Flash | User I/O
Spartan-3A memory read
Spartan-3AN commands and
Spartan-3A DSP starting address to the
FPGA: PROM’s serial data
MOSI input.
CSO_B Master SPI Output Chip Select Output. Active | Connects to the SPI Drive CSO_B High

Low.

Flash PROM’s Slave
Select input. If
HSWAP =1, connect
this signal to a 4.7 kQ
pull-up resistor to 3.3V.

after configuration to
disable the SPI Flash
and reclaim the
MOSI, DIN, and
CCLK pins.
Optionally, re-use
this pin and MOS]I,
DIN, and CCLK to
continue
communicating with
SPI Flash.
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Table 2-15: Spartan-3 Generation Configuration Pins, Associated Modes, and Function (Continued)

Pin Name 3322(%) Ditgciﬁ\)n Description During Configuration | After Configuration
Spartan-3E BP], Slave Input Chip Select Input. Active | Active-Low. User /0. If bitstream
Spartan-3A Parallel Low. option Persist:Yes,

Spartan-3AN becomes part of
Spartan-3A DSP SelectMap parallel
FPGA: peripheral interface.
CSI_B
Spartan-3
FPGA:
CS_B
RDWR_B BPI, Slave Input Read/Write Control. Active | Must be Low User1/0.If bitstream
Parallel Low write enable. Read throughout option Persist:Yes,
functionality typically only | configuration. Donot | becomes part of
used after configuration, if | change logic level SelectMap parallel
bitstream option while CSI_B is Low peripheral interface.
Persist:Yes.
Spartan-3E BPI Output PROM Chip Enable Connect to parallel User I/0. If the
Spartan-3A PROM chip-select FPGA doesnotaccess
Spartan-3AN input (CS#). FPGA the PROM after
Spartan-3A DSP drives this signal Low | configuration, drive
FPGA: throughout this pin High to
LDCO configuration. deselect the PROM.
A[23:0], D[7:0],
LDC[2:1], and HDC
then become
available as user I/O.
Spartan-3E BPI Output PROM Output Enable Connect to the parallel | User I/O
Spartan-3A PROM output-enable
Spartan-3AN input (OE#). The FPGA
Spartan-3A DSP drives this signal Low
FPGA: throughout
LDC1 configuration.
Spartan-3E BPI Output PROM Write Enable Connect to parallel User I/0
Spartan-3A PROM write-enable
Spartan-3AN input (WE#). FPGA
Spartan-3A DSP drives this signal High
FPGA: throughout
HDC configuration.
Spartan-3E BPI Output PROM Byte Mode This signal is not used | User I/O. Drive this
Spartan-3A for x8 PROMs. For pin High after
Spartan-3AN PROMs with a x8/x16 | configuration to use a
Spartan-3A DSP data width control, x8/x16 PROM in x16
FPGA: connect to PROM byte- | mode.
LDC2 mode input (BYTE#).
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Pin Behavior During Configuration

Table 2-15: Spartan-3 Generation Configuration Pins, Associated Modes, and Function (Continued)

, Config. FPGA I . . ) . .
Pin Name Mode(s) Direction Description During Configuration | After Configuration
Spartan-3E BPI Output Parallel PROM Address Connect to PROM User 1/0.
FPGA: outputs address inputs.
A[23:0]
Spartan-3A
Spartan-3AN
Spartan-3A DSP
FPGA:
A[25:0]
DI[7:0] Master Input Data Input Data captured by User1/0.If bitstream
Parallel, FPGA option Persist:Yes,
BP], Slave becomes part of
Parallel, SelectMap parallel
SelectMAP peripheral interface.
Spartan-3/ BPI, Slave Output FPGA Busy Indicator. Used | Not used during BPI User1/O. If bitstream
Spartan-3E Parallel primarily in Slave Parallel | mode configuration option Persist:Yes,
FPGA: (SelectMAP) interfaces that operate at but actively drives. becomes part of
BUSY 50 MHz and faster. Same SelectMap parallel
function is on DOUT pin in peripheral interface.
Spartan-3A /3AN/3A DSP
families.

Pin Behavior During Configuration

Table 2-16, Table 2-17, and Table 2-18 show how various pins on Spartan-3 generation
FPGAs behave during the configuration process. The actual behavior depends on the

settings applied to the M2, M1, and MO (M[2:0]) mode select pins and the pin that controls
the optional pull-up resistors, called HSWAP, PUDC_B, or HSWAP_EN depending on the
specific Spartan-3 generation FPGA family. The M[2:0] mode select pins determine which
of the I/O pins are active and borrowed during configuration and how they function. In
JTAG configuration mode, no user-1/0 pins are borrowed for configuration.

The Dedicated Pull-Up Resistor column indicates pins that always have a pull-up resistor
enabled during configuration, regardless of the PUDC_B, HSWAP, or HSWAP_EN input.
After configuration, the behavior of these pins is either defined by specific bitstream
generator options or by the FPGA application itself.

Table 2-16, Table 2-17, and Table 2-18 show the FPGA pins that are either borrowed or
dedicated during configuration. The specific pins are listed by FPGA configuration mode
along the top. For each pin, the table also indicates the power rail that supplies the pin
during configuration. A numeric value such as “2”, indicates that the associated pin is
located in I/O Bank 2 and powered by the VCCO_2 supply inputs. Spartan-3E and
Spartan-3A/3AN/3A DSP FPGAs have four I/O banks; the Spartan-3 FPGA family has
eight I/O banks.

The pin names are color-coded using the same colors used in the package pinout tables and
footprint diagrams found in the respective Spartan-3 generation data sheet. Black
represents the dedicated JTAG pins; yellow represents the dedicated configuration pins;
light blue represents the dual-purpose configuration pins that become user-1/0 pins after
configuration.
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Spartan-3A/3AN/3A DSP FPGA

Table 2-16 shows the various Spartan-3A/3AN/3A DSP FPGA pins that are either
borrowed or dedicated during configuration.

Table 2-16: Spartan-3A/3AN/3A DSP FPGAs: Pin Behavior during Configuration

_ Dedicated Master SP_I Internal BPI Slave Slave Supply/
Pin Name PuII_-Up Serial (Serial Master (Parallel JTAG Serial parallel | /O Bank
Resistor Flash) SPI Flash)
10* (user-/O) _ See pinout
IP* (input-only) table
TDI Yes TDI TDI TDI TDI TDI TDI TDI Vecaux
TMS Yes TMS TMS TMS TMS TMS TMS TMS Vecaux
TCK Yes TCK TCK TCK TCK TCK TCK TCK Vecaux
TDO Yes TDO TDO TDO TDO TDO TDO TDO Vecaux
PROG_B Yes PROG_B | PROG_B | PROG_B | PROG_B | PROG_B | PROG_B | PROG_B | Vccaux
DONE Yes DONE DONE DONE DONE DONE DONE DONE Vecaux
PUDC_B Yes PUDC_B | PUDC_B | PUDC_B | PUDC_B | PUDC_B | PUDC_B | PUDC_B 0
M2 Yes 0 0 0 0 1 1 1 2
M1 Yes 0 0 1 1 0 1 1 2
Mo Yes 0 1 1 0 1 1 0 2
CCLK _ CCLK CCLK CCLK CCLK CCLK 2
(OUTPUT) | (OUTPUT) (OUTPUT) (INPUT) (INPUT)
INIT B Yes INIT_B INIT_B INIT_B INIT_B INIT_B INIT_B 2
CSO_B - CSO_B CSO_B CSO_B 2
DOUT - DOUT DOUT DOUT®) DOUT | DOUT®) 2
MOSI/CSI_B - MOSI CSI_B CSI_B 2
D[7:1] - D[7:1] D[7:1] 2
DO0/DIN - DIN DIN DO DIN DO 2
RDWR_B - RDWR_B RDWR_B 2
VSI[2:0] Yes VS[2:0] VS[2:0] 2
A[25:0] - A[25:0] 1
LDC2 - LDC2 1
LDC1 - LDC1 1
LDCo - LDCO 1
HDC - HDC 1
Notes:

1. Gray shaded cells represent pins that are in a high-impedance state (Hi-Z, floating) during configuration. These pins have an
optional internal pull-up resistor to their respective Vo supply pin that is active during configuration if the PUDC_B input is Low.
See “Pull-Up Resistors During Configuration,” page 58.

2. The Spartan-3E HSWAP pin and the Spartan-3A/3AN/3A DSP PUDC_B pin have identical behavior, just different names. See

“Pull-Up Resistors During Configuration,” page 58.

3. The Internal Master SPI mode, M[2:0] = <0:1:1>, is only available on the Spartan-3AN FPGA family. Vccayx must be 3.3V when

using this mode.

4. CCLK is always in input pin in Slave configuration modes. For Master modes, CCLK must be treated as a bidirectional I/O pin for

Spartan-3E FPGAs and is an output pin for Spartan-3A /3AN/3A DSP FPGAs.

5. The DOUT output is not labeled as BUSY and the BUSY function is not required on Spartan-3A /3AN/3A DSP FPGAs. However, the

pin can still toggle during Slave Parallel configuration and therefore should not be tied to user functions during configuration.
Unlike Spartan-3E FPGAs, Spartan-3A /3A /3A DSP FPGAs do use the DOUT pin in BPI serial daisy-chains, which are only
supported on Spartan-3A/3AN/3A DSP FPGAs.
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Spartan-3E FPGAs

Table 2-17 shows the various Spartan-3E FPGA pins that are either borrowed or dedicated
during configuration.

Table 2-17: Spartan-3E FPGASs: Pin Behavior during Configuration

. Dedicated Master SP.' BPI Slave Slave Supply/
Pin Name PuI!-Up Serial (Serial (Parallel JTAG Serial Parallel /O Bank
Resistor Flash) Flash)
10* (user-1/0) B See pinout
IP* (input-only) table
TDI Yes TDI TDI TDI TDI TDI TDI Vecaux
TMS Yes TMS TMS TMS TMS TMS ™S Vecaux
TCK Yes TCK TCK TCK TCK TCK TCK Veeaux
TDO Yes TDO TDO TDO TDO TDO TDO Veeaux
PROG_B Yes PROG_B PROG_B PROG_B PROG_B PROG_B PROG_B | Vccaux
DONE Yes DONE DONE DONE DONE DONE DONE Vecaux
HSWAP Yes HSWAP HSWAP HSWAP HSWAP HSWAP HSWAP 0
M2 - 0 0 0 1 1 1 2
M1 - 0 0 1 0 1 1 2
Mo 0=U
- 0 1 i Dovf’m 1 1 0 2
CCLK B CCLK CCLK CCLK CCLK CCLK 2
(I/0) (I/0) (I/0) (INPUT) (INPUT)
INIT_B Yes INIT_B INIT_B INIT_B INIT_B INIT_B 2
CSO_B - CSO_B CSO_B CSO_B 2
DOUT/BUSY - DOUT DOUT BUSY DOUT BUSY 2
MOSI/CSI_B - MOSI CSI_B CSI_B 2
DI[7:1] - D[7:1] D[7:1] 2
DO0/DIN - DIN DIN Do DIN DO 2
RDWR_B - RDWR_B RDWR_B 2
VS[2:0] - VS[2:0] (Note 4) 2
A[23:17] - (Note 4) A[23:17] 2
Al16:0] - Al16:0] 1
LDC2 - LDC2 1
LDC1 - LDC1 1
LDCO0 - LDCO 1
HDC - HDC 1

Notes:

1. Gray shaded cells represent pins that are in a high-impedance state (Hi-Z, floating) during configuration. These pins have an
optional internal pull-up resistor to their respective Vo supply pin that is active during configuration if the HSWAP input is Low.
See “Pull-Up Resistors During Configuration,” page 58.

2. The Spartan-3E HSWAP pin and the Spartan-3A /3AN/3A DSP PUDC_B pin have identical behavior, just different names. See
“Pull-Up Resistors During Configuration,” page 58.

3. CCLK s always in input pin in Slave configuration modes. For Master modes, CCLK must be treated as a bidirectional I/O pin for
Spartan-3E FPGAs.

4. On Spartan-3E FPGAs, the VS[2:0] pins used in Master SPI mode are shared with the A[19:17] address pins used in BPI mode.
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Spartan-3 FPGAs

Table 2-18 shows the various Spartan-3 FPGA pins that are either borrowed or dedicated
during configuration.

Table 2-18: Pin Behavior during Configuration for Spartan-3 FPGA Family
Resistor
10* (user-1/0) 3 See pinout
IP* (input-only) table
TDI Yes TDI TDI TDI TDI TDI Vecaux
TMS Yes T™MS T™S ™S T™S ™S Veeaux
TCK Yes TCK TCK TCK TCK TCK Vecaux
TDO Yes TDO TDO TDO TDO TDO Veeaux
PROG_B Yes PROG_B PROG_B PROG_B PROG_B PROG_B Vecaux
DONE Yes DONE DONE DONE DONE DONE Veeaux
HSWAP_EN Yes HSWAP_EN | HSWAP_EN | HSWAP_EN | HSWAP_EN | HSWAP_EN | Vccaux
M2 Yes 0 0 1 1 1 Veeaux
M1 Yes 0 1 0 1 1 Veeaux
Mo Yes 0 1 1 1 0 Vecaux
CCLK Ves CCLK CCLK CCLK CCLK Veeaux
(1/0) (1/0) (INPUT) (INPUT)
INIT_B Yes INIT_B INIT_B INIT_B INIT_B 4
CS_B - CS_B CS_B 5
DOUT/BUSY - DOUT BUSY DOUT BUSY 4
DI[7:4] - DI[7:4] D[7:4] 5
DI[3:1] - D[3:1] D[3:1] 4
DO0/DIN - DIN DO DIN DO 4
RDWR_B - RDWR_B RDWR_B 5
Notes:

1. Gray shaded cells represent pins that are in a high-impedance state (Hi-Z, floating) during configuration. These pins have an
optional internal pull-up resistor to their respective V-co supply pin that is active during configuration if the HSWAP input is Low.

2. CCLK is always in input pin in Slave configuration modes. For Master modes, CCLK must be treated as a bidirectional I/O pin.

Default I/O Standard During Configuration

During configuration, which includes the time when the FPGA first powers up, after
PROG_B is pulsed Low, or during configuration or re-configuration including MultiBoot,
the FPGA’s I/0O pins are unconfigured. However, the FPGA pins involved in the
configuration process are predefined to the settings shown in Table 2-19.

Table 2-19: Default I/O Standard Setting During Configuration
Pin(s) I/O Standard Out_put Slew Rate
Drive
All, including CCLK LVCMOS25 8§ mA Slow

By default, the I/O pins are set for LVCMOS25 operation or 2.5V low-voltage CMOS. The
setting is the same for both the Dedicated and Dual-Purpose pins. However, the Dual-
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Default I/O Standard During Configuration

Purpose pins can drive at different voltages, depending on the voltage applied to the
relevant I/O bank.

The Dedicated configuration pins (see Table 2-17, page 67 and Table 2-18, page 68) are
always powered by Vcayx. On Spartan-3 and Spartan-3E FPGA families, Vccapx is
always 2.5V, as shown in Table 2-18. On Spartan-3A /3A DSP FPGAs, Vcayx can be either
2.5V or 3.3V. On Spartan-3AN FPGAs, Vccayux is always 3.3V.

The Dual-Purpose configuration pin outputs operate at other voltages by appropriately
setting the voltage on the associated Vo power rail. For Spartan-3A /3A DSP (and for
Spartan-3AN FPGAs in modes other than Internal Master SPI) and Spartan-3E FPGAs, the
Dual-Purpose configurations pins are supplied by the VCCO_2 rail, plus VCCO_1 in BPI
mode. In Spartan-3 FPGAs, the Dual-Purpose configuration pins are supplied by VCCO_4,
plus VCCO_5 in any of the parallel configuration modes. In general, set the configuration
voltage to either 2.5V or 3.3V. The change on the V¢ supply also changes the I/O drive
characteristics. For example, with Voo = 3.3V, the output current when driving High,
Iop, increases to approximately 12 to 16 mA, while the current when driving Low, 1oy,
remains 8 mA.

If required, Voo may be set to 1.8V in the Spartan- 3 and Spartan-3E families. The
Spartan-3A/3AN/3A DSP families have a Voot threshold requirement of 2.0V
minimum and therefore cannot have VCCO_2 at 1.8V during configuration; however
Vccoot does not apply after configuration and therefore VCCO_2 can be lowered to 1.8V
or lower after DONE goes High. At Voo = 1.8V, the output current when driving High,
Iop, decreases slightly to approximately 6 to 8 mA. Again, the current when driving Low,
Ior, remains 8 mA. The output voltages will be determined by the Vg level, LVCMOS18
for 1.8V, LVCMOS25 for 2.5V, and LVCMOS33 for 3.3V.

Table 2-20: Supported Configuration Interface Voltages

Dedicated Pins Dual-Purpose Pins
FPGA Family Dual-Purpose Supported
S\ljglFt);)”eedOVt?gr/?gx Configuration Pin | Configuration Supply
ge op Supply Rails Voltage Options
Spartan-3A 2.5V
Spartan-3A DSP 33V VCCO_2 2.5V
FPGAs ' (sometimes VCCO_1) 3.3V
Spartan-3AN() 3.3V
Spartan-?,E 25V VCCO_Z 2.5V
FPGAs ' (sometimes VCCO_1) 3.3V
Spartan-3 2 5V VCCO_4 25V
FPGAs ' (sometimes VCCO_5) 3.3V
Notes:

1. Spartan-3AN FPGAs in Internal Master SPI mode only require the 3.3V Vcaux supply because there
are no Dual-Purpose pins involved. In all other configuration modes, the Dual-Purpose pins are
involved.
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Design Considerations for the HSWAP, M[2:0], and VS[2:0] Pins

Spartan-3E and Spartan-3A /3AN/3A DSP FPGAs are unlike previous Spartan FPGA
families. Nearly all of the Spartan-3E/3A /3AN/3A DSP dual-purpose configuration pins
are available as full-featured user I/O pins after successful configuration.

The HSWAP or PUDC_B pin, the mode select pins (M[2:0]), and the variant-select pins
(VS[2:0]) must have valid and stable logic values at the start of configuration. VS[2:0] are
only used in the Master SPI configuration mode. The levels on the M[2:0] pins and VS[2:0]
pins are sampled when the INIT_B pin returns High. See Figure 2-6 for a timing example.

The HSWAP or PUDC_B pin defines whether FPGA user I/O pins have a pull-up resistor
connected to their associated V¢ supply pin during configuration or not, as shown
Table 2-20. HSWAP or PUDC_B must be valid at the start of configuration and remain
constant throughout the configuration process.

The detailed schematics for each configuration mode indicate the required logic values for
HSWAP or PUDC_B, M[2:0], and VS[2:0] but do not specify how the application provides
the logic Low or High value. The HSWAP or PUDC_B, M[2:0], and VS5[2:0] pins can be
either dedicated or reused by the FPGA application.

Dedicating the HSWAP, PUDC_B, M[2:0], and VS[2:0] Pins

If the HSWAP or PUDC_B, M[2:0], and VS[2:0] pins are not required by the FPGA
application after configuration, simply connect these pins directly to the Voo or GND
supply rail shown in the appropriate configuration schematic.

Optionally, use external pull-up or pull-down resistors to define the appropriate logic
level. The external resistors provide the ability to temporarily change the logic level for
debugging purposes. Some of these pins have dedicated pull-up resistors during
configuration. See Table 2-14, page 61 for recommended resistor values.

Be sure to define the post-configuration behavior for these pins to avoid unnecessary
current paths. For example, see “Defining M[2:0] after Configuration for Minimum Power
Consumption,” page 47.

Reusing HSWAP, PUDC_B, M[2:0], and VS[2:0] After Configuration

To reuse the HSWAP or PUDC_B, M[2:0], and VS[2:0] pins after configuration, use pull-up
or pull-down resistors to define the logic values shown in the appropriate configuration
schematic. Some of these pins have dedicated pull-up resistors during configuration. See
Table 2-14, page 61 for recommended resistor values.

Use the weakest external pull-up or pull-down resistor value acceptable in the application.
The resistor must be strong enough to define a logic Low or High during configuration.
However, when driving the HSWAP or PUDC_B, M[2:0], or VS[2:0] pins after
configuration, an external output driver must be strong enough to overcome the pull-up or
pull-down resistor value and generate the appropriate logic levels. For example, to
overcome a 560 Q pull-down resistor, a 3.3V FPGA I/O pin must use a 6 mA or stronger
driver.

Spartan-3E HSWAP Considerations

For Spartan-3E FPGAs, the logic level on HSWAP dictates how to define the logic levels on
M][2:0] and VS[2:0], as shown in Table 2-21, page 71. If the application requires HSWAP to
be High, a dedicated internal pull-up to VCCO_0 is available, although an external 3.3 to
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4.7 kQ resistor is recommended, especially if VCCO_2 (configuration) might be applied
before VCCO_0 (HSWAP). Note that initial Spartan-3E silicon (step 0) required that
Vet be applied before V- ayx when using the internal pull-up on HSWAP.

If the application requires HSWAP to be Low during configuration, then HSWAP is either
connected to GND or pulled Low using an appropriately sized external pull-down resistor
to GND. The pin itself has an internal pull-up resistor to VCCO_0, so the external pull-
down resistor must be strong enough to define a logic Low on HSWAP for the I/O
standard used during configuration, as shown in Table 2-14, page 61.

Once HSWAP is defined, use Table 2-21 to define the logic values for M[2:0] and VS[2:0].
Table 2-21: Pull-up or Pull-down Values for HSWAP, M[2:0], and VS[2:0]

Required Resistor Value to Define Logic Level on

HSWAP Valye | /O Pull-up Resistors HSWAP, M[2:0], or VS[2:0]
during Configuration

High Low

0 Enabled Pulled High via an internal Pulled Low using an appropriately
pull-up resistor to the associated | sized pull-down resistor to GND, as
Vo supply. No external shown in Table 2-14, page 61.
pull-up resistor is necessary.

1 Disabled Pulled High using a3.3t04.7 kQ | Pulled Low using a 3.3 to 4.7 kQ resistor
resistor to the associated Voco | to GND.
supply.

Dual-Purpose Pins Become User I/O

All dual-purpose I/O pins that are borrowed during configuration become full-function
170 pins after configuration successfully completes. Figure 2-6 shows stylized waveforms
for some of the configuration control signals. On Spartan-3E and Spartan-3A/3AN/3A
DSP FPGAs, the M[2:0] mode pins, the VS[2:0] pin in Master SPI mode, the CCLK pin, and
the HSWAP or PUDC_B pin are borrowed during configuration. After configuration
completes, the pins become available as user-I/O pins.

All dual-purpose I/0O pins, except for CCLK, become available to the FPGA application
immediately following the GTS cycle during the FPGA Startup sequence. The GTS cycle
timing is controlled by the GTS_cycle bitstream option.

The CCLK configuration clock does not become a user-defined I/O until after the entire
configuration sequence is complete.

See Chapter 12, “Sequence of Events” for more information.
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Figure 2-6: Stylized Configuration Waveforms Showing When Dual-Purpose Pins Become Active
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Chapter 3

Master Serial Mode

The Master Serial configuration mode leverages the purpose-designed Xilinx® Platform
Flash PROMs to configure Spartan®-3 generation FPGAs. Master Serial mode uses the
serial interface offered on XCFxxS serial PROMs and the serial interface option on XCFxxP
serial/parallel PROMs.

Xilinx Platform Flash PROMs offer the following system advantages.

e Simple interface. Fewest number of FPGA pins used during configuration.
e Low cost per configuration bit.

e Highest bandwidth between PROM and FPGA for any serial PROM, resulting in
fastest configuration time.

e Small package footprint.

¢ In-system programmable and reprogrammable via an integrated JTAG interface.
e  Fully supported by the Xilinx iMPACT programming software.

e Multiple I/O and JTAG voltage ranges for maximum system flexibility.

¢ Density migration within a common package footprint. See Table 1-3, page 34.

e Sold and supported by Xilinx, with the long product lifetime and reliability associated
with Xilinx products.

In Master Serial mode (M[2:0] = <0:0:0>), the Spartan-3 generation FPGA configures itself
from an attached Xilinx Platform Flash PROM, as illustrated in Figure 3-1, Figure 3-2, and
Figure 3-3.

The figures show optional components in gray and designated “NO LOAD”. For example,
the Bitstream Generator option ProgPi n Pul | up internally connects a pull-up resistor
between the PROG_B pin and Vcapyx- An external 4.7 kQ pull-up resistor to Vccapyy is
still recommended. The external pull-up provides a known pull-up value, and can be
stronger than the internal pull-up alone, which the data sheet speciofies at up to 12 kQ.

The FPGA supplies the CCLK output clock from its internal oscillator to the attached
Platform Flash PROM. In response, the Platform Flash PROM supplies bit-serial data to the
FPGA'’s DIN input, and the FPGA accepts this data on each rising CCLK edge.

All the FPGA mode-select pins, M[2:0], must be Low when sampled, which occurs when
the FPGA’s INIT_B output initially goes High.

The FPGA's DOUT pin is used in daisy-chain applications, described in “Daisy-Chained
Configuration,” page 80. In a single-FPGA application, the FPGA’s DOUT pin is inactive,
but pulled High via an internal resistor.

The Master Serial interface varies slightly between Spartan-3 generation FPGAs.

e  Figure 3-1, page 74 illustrates the Master Serial configuration interface for Spartan-3E and
Spartan-3A/3A DSP FPGAs when the FPGA’s Vcayx supply is at 2.5V. Spartan-3E FPGAs
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always have V-caux =2.5V. Spartan-3A and Spartan-3A DSP FPGAs support both
Vecaux = 2.5V or 3.3V. Table 3-1, page 74 lists the FPGA /PROM connections.

Figure 3-2, page 75 illustrates the Master Serial configuration interface for Spartan-

3A/3AN/3A DSP FPGAs when Vccapyx = 3.3V. Spartan-3AN FPGAs always have
Vecaux=3.3V. Table 3-1, page 74 lists the FPGA /PROM connections.

Figure 3-3, page 76 illustrates the Master Serial configuration interface for Spartan-3 FPGAs.

+1.2V
‘ XCFxxS= +3.3V
VCCINT XCFxxP = +1.8V
HSWAP
(B)=|H55e _ vecooleveco o
Serial Master VCCO 2 4—@ VCCINT
oL—Mode DIN |« DO vCcCco 4—@
20 e (0 M2 CCLK »| CLK
i5 <40 — M1 INIT_B »| oE/RESET
ge < ['0 —» MO
\i]c;ll-tgge Resistors X XI I—INX X X"—I NX
2.5V oe Spartan-3E Platform Flash
3.3V_| >68Q Spartan-3A (2.5V) ___ XCFxx
@ Spartan-3A DSP (2.5V) ——  »ICE CEO »
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s lLealne GND L
= - =
PROGRAM
_¢ = Dedicated internal pull-up resistor UG332_c3_03_040107
Figure 3-1: Master Serial Mode Using Platform Flash PROM
(Spartan-3E or Spartan-3A/3A DSP FPGA, Vccaux = 2.5V)
Table 3-1: Spartan-3E/Spartan-3A/3A DSP FPGA Connections
. Platform Flash
FPGA Pin PROM Pin Comments
DIN DO
CCLK CLK Watch signal integrity on this trace. See “CCLK Design
Considerations,” page 54.
INIT_B OE/RESET | FPGA resets PROM during initialization, then enables the
PROM data out during configuration.
DONE CE FPGA enables PROM during configuration. DONE output
powered by FPGA VCCAUX supply
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Table 3-1: Spartan-3E/Spartan-3A/3A DSP FPGA Connections
. Platform Flash
FPGA Pin PROM Pin Comments
PROG_B CF
VCCO_2 Veco Spartan-3E FPGA: 1.8V, 2.5V, or 3.3V
Spartan-3A/3A DSP FPGA: 2.5V or 3.3V (not 1.8V due to
Vccoat, which does not apply after configuration)
VC(C] PROM JTAG output voltage. If 3.3V, then protect the FPGA
JTAG inputs with current-limiting resistors (>68€2)
+1.2V
‘ XCFxxS = +3.3V
VCCINT XCFxxP = +1.8V
®i> PUDC_B  VCCO 0 |«—Vvcco o
Serial Master VCCO 2 [4—+3.3V VCCINT
Mode DIN |« DO VCCO |4—+3.3V
0" Lol M2 CCLK » CLK
‘0’ iy M1 INIT_B »| OE/RESET
0" S MO
Spartan-3A/3AN (3.3V) Platform Flash
Spartan-3A DSP (3.3V) _ XCFxx
——— | CE CEO >
+3.3V |k
g/\:-«klﬁr VCCAUX |€—+3.3V VCCJ [4—+3.3V
slle of——e » TMS —» TMS TDO |
Iolle ol —»{TcK —» TCK
% c O DO
Sollm o= »| DI TDO »| DI
ZEllm a||v.c PROG _B DONE [»——] SND
P |l | R GND T
T I L =
PROGRAM

_¢ = Dedicated internal pull-up resistor

UG332_c3_15_052107

Figure 3-2: Master Serial Mode Using Platform Flash PROM (Spartan-3A/3AN/3A DSP FPGA,
Vecaux = 3.3V)
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+1.2V
XCFxxS= +3.3V
XCFxxP = +1.8V
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DIN | DO VCCO 4—@
INIT_B OE/RESET
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_________________________ & XILINX
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25V 0 HSWAP EN  CCLK »l CLK XX
3.3V 68Q -
@ | 7w EXUNX e ceol >
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. %I&E:I- 0 MO Master TS
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SE||w o AMA\— TMS |_Mode —»| TMS TDO |
IE|m off— o+ MA—p TCK —»| TCK
%E I TDO
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< gfnc GND T
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PROGRAM ®
_¢ = Dedicated internal pull-up resistor UG332_c3_16_112206
Figure 3-3: Master Serial Mode Using Platform Flash PROM (Spartan-3 FPGA)

Table 3-2: Spartan-3 FPGA Connections to Platform Flash PROM

. Platform Flash
FPGA Pin PROM Pin Comments
DIN DO
CCLK CLK Watch signal integrity on this trace. See “CCLK Design
Considerations,” page 54. CCLK output powered by
FPGA’s Vecayux supply
INIT_B OE/RESET FPGA resets PROM during initialization, then enables the
PROM'’s data out during configuration.
DONE CE FPGA enables PROM during configuration. DONE output
powered by FPGA’s Vcayx supply.
PROG_B CF
VCCO_4 Veeo 1.8V, 2.5V, or 3.3V
VC(CJ PROM'’s JTAG output voltage. If 3.3V, then protect the
FPGA JTAG inputs with current-limiting resistors (>68€)
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Master Serial Mode Connections

Master Serial Mode Connections

Table 3-3 lists the various FPGA pins involved in Master Serial mode configuration.

Table 3-3: Master Serial Configuration Mode Connections
. FPGA _— . : : After
Pin Name Direction Description During Configuration Configuration
Spartan-3E FPGA: User I/O Pull-Up Control. When Drive at valid logic level Spartan-3:
HSWAP Low during configuration, enables | throughout configuration. Dedicated pin
Spartan-3A pull-up resistors in all I/O pins to (don’t care after
Spartan-3AN respective I/O bank Vg input. configuration)
Spartan-3A DSP 0: Pull-ups during configuration Spartan-3E
FPGA: Input 1: No pull-ups zpartan'g’iN
partan-3
PUDC_B Spartan-3A DSP:
Spartan-3 FPGA: User I/O
HSWAP_EN
Mode Select. Selects the FPGA M2=0,M1=0,M0=0. User I/0
M[2:0] Input configuration mode. Sampled when INIT_B goes
High.
Serial Data Input. Receives serial data from User I/O
DIN Input PROM’s DO output.
Configuration Clock. Generated by | Drives PROM’s CLK clock Spartan-3:
FPGA internal oscillator. Frequency | input. Dedicated pin.
controlled by ~ConfigRat‘e bitstream Spartan-3E
generator option. If CCLK PCB trace Spartan-3A
CCLK Output is long or has multiple connections, Spartan-3AN
t?rmi?.atf thi’i output to maintain Spartan-3A DSP:
stgna mniegtiy: User I/0. Drive
High or Low if
not used.
Serial Data Output. Not used in single-FPGA User I/O
designs; DOUT is pulled up,
not actively driving. In a daisy-
DOUT Output chain configuration, this pin
connects to DIN input of the
next FPGA in the chain. See
Figure 3-4, page 81.
Initialization Indicator. Active Low. | Connects to PROM’s User1/0. If
Goes Low at start of configuration | OE/RESET input. FPGA clears | unused in the
during Initialization memory PROM'’s address counter at application,
clearing process. Released at end of | start of configuration, enables | drive INIT_B
Open-drain | memory clearing, when mode select | outputs during configuration. | High to avoid a
INIT_B bidirectional | pins are sampled. PROM also holds FPGA in floating value.
170 Initialization state until PROM | See INIT_B
reaches Power-On Reset (POR) | “After
state. If CRC error detected Configuration”.
during configuration, FPGA
drives INIT_B Low.
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Table 3-3: Master Serial Configuration Mode Connections (Continued)

Pin Name Di'iz(iﬁ;n Description During Configuration Conf?gfter;tion
FPGA Configuration Done. Low Connects to PROM’s chip- When High,
Open-drain | during configuration. Goes High enable (CE) input. Enables indicates that
DONE bidirectional | when FPGA successfully completes | PROM during configuration. the FPGA
I/0 configuration. Disables PROM after successfully
configuration. configured.
Program FPGA. Active Low. When | Must be High during Drive PROG_B
asserted Low for 500 ns or longer, configuration to allow Low and release
forces the FPGA to restart its configuration to start. Connects | to reprogram
PROG_B Input configuration process by clearing to PROM'’s CF pin, allowing FPGA.
configuration memory and resetting | JTAG PROM programming
the DONE and INIT_B pins once algorithm to reprogram the
PROG_B returns High. FPGA.

Voltage Compatibility

Platform Flash PROM

The Platform Flash PROM Vet supply must be either 3.3V for the serial XCFxxS
Platform Flash PROMs or 1.8V for the serial /parallel XCFxxP PROMs.

FPGA

Spartan-3E and Spartan-3A/3A DSP FPGAs with Vccayx at 2.5V

The Spartan-3E or Spartan-3A /3A DSP FPGA VCCO_2 supply input and the Platform
Flash PROM VCCO supply input must be the same voltage. A 2.5V-only interface is easiest
as all signals are the same voltage. A 3.3V interface is also supported but the FPGA
PROG_B and DONE pins require special attention as they are powered by the FPGA
Vceaux supply, nominally 2.5V. For Spartan-3E FPGAs see application note XAPP453: The
3.3V Configuration of Spartan-3 FPGAs, and for Spartan-3A /3A DSP FPGAs see application
note XAPP459: Interfacing Large-Swing Signals for additional information.

Spartan-3 FPGAs

The Spartan-3 FPGA’s VCCO_4 supply input and the Platform Flash PROM VCCO supply
input must be the same voltage. A 2.5V-only interface is easiest as all signals are the same
voltage. A 3.3V interface is also supported but the FPGA PROG_B, DONE, and CCLK pins
require special attention as they are powered by the FPGA V5 yx supply, nominally 2.5V.
See application note XAPP453: The 3.3V Configuration of Spartan-3 FPGAs for additional
information.

JTAG Interface

If the Platform Flash PROM is the last device in the chain, then the JTAG interface voltage
is easily controlled by the PROM’s VCC]J supply. If the FPGA’s Vccayx supply is 2.5V and
the JTAG chain is also 2.5V, the interface is simple. To create a 3.3V JTAG interface, even
when the FPGA’s Vcaux supply is 2.5V, connect VCC]J to 3.3V and provide current-
limiting resistors on the FPGA’s TDI, TMS, and TCK JTAG inputs.
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For Spartan-3A /3A DSP FPGA, the V-cayux supply can be either 2.5V or 3.3V. If Vceaux
is 3.3V, then a 3.3V JTAG interface is also easy. No current-limiting resistors are required.

See also “JTAG Cable Voltage Compatibility,” page 192.

Supported Platform Flash PROMs

Table 3-4 shows the smallest available Platform Flash PROM to program one Spartan-3
generation FPGA. A multiple-FPGA daisy-chain application requires a Platform Flash
PROM large enough to contain the sum of the various FPGA bitstream sizes.

Table 3-4: Number of Bits to Program a Spartan-3 Generation FPGA and Smallest
Platform Flash PROM

Famil FPGA Number of Smallest Possible

y Configuration Bits Platform Flash PROM
XC3S50A 437,312 XCF01S
XC3S200A 1,196,128 XCF02S
Spartan-3A XC3S400A 1,886,560 XCF02S
(Spartan-3AN) [y ~ag7004 2,732,640 XCF04S
XCFO08P

XC3S1400A 4,755,296 or XCF04S + XCE025S
XCFO08P

Spartan-3A DSP XC3SD1800A 8,197,280 or two XCF04S PROMs

XC3SD3400A 11,718,304 XCF16P
XC3S100E 581,344 XCF01S
XC3S250E 1,353,728 XCF02S
Spartan-3E XC3S500E 2,270,208 XCF04S
XC3S1200E 3,841,184 XCF04S
XCFO08P

XC3S1600E 5,969,696 or XCF04S + XCF025S
XC3S50 439,264 XCF01S
XC35200 1,047,616 XCF01S
XC35400 1,699,136 XCF02S
XC351000 3,223,488 XCF04S
Spartan-3 XCF08P

XC351500 5214,784 or XCF04S + XCF025
XCFO08P

XC352000 7,673,024 or 2 x XCF04S

XC354000 11,316,864 XCF16P
XC355000 13,271,936 XCF16P

There are two possible design solutions for FPGA designs that require 8 Mbit PROMs: use
either a single 8 Mbit XCFO8P parallel /serial PROM or two cascaded XCFxxS serial
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PROMs as listed in Table 3-4. The two XCFxxS PROMs have a 3.3V Vet supply while
the XCFO8P requires a 1.8V Vcnt supply. If the board does not already have a 1.8V
supply available, the two cascaded XCFxxS PROM solution is recommended.

CCLK Frequency

In Master Serial mode, the FPGA'’s internal oscillator generates the configuration clock
frequency. The FPGA provides this clock on its CCLK output pin, driving the PROM’s CLK
input pin. The FPGA starts configuration at its lowest frequency and increases its
frequency for the remainder of the configuration process if so specified in the
configuration bitstream. The maximum frequency is specified using the ConfigRate
bitstream generator option. Table 3-5 shows the maximum ConfigRate settings,
approximately equal to the frequency measured in MHz, for various Platform Flash
PROMs and I/0O voltages. These values are determined using the minimum CCLK period
from the appropriate Spartan-3E or Spartan-3A/3AN/3A DSP data sheet. The maximum
ConfigRate for the serial XCFxxS PROMs is reduced at 1.8V. Spartan-3A/3AN/3A DSP
FPGAs do not support a 1.8V configuration interface due to their higher VCCO_2 Power-
On Reset voltage threshold. See “Power-On Reset (POR),” page 232.

Table 3-5: Maximum ConfigRate Settings Using Platform Flash (Serial Mode,
Commercial Range)

Platform Flash Part I/O Voltage Spartan-3E Spartan-3A/3AN/3A DSP
Number (VCCO_2, Vo) | ConfigRate Setting ConfigRate Setting
XCF01S 3.3Vor25V 25 33
XCF02S
XCF04S 1.8V 12 N/A
XCF08P 3.3V or 2.5V 44
XCF16P 25
XCF32P 1.8V N/A

Daisy-Chained Configuration

If the application requires multiple FPGAs, each with different configurations, then
configure the FPGAs using a daisy chain, as shown in Figure 3-4, page 81. Use Master
Serial mode (M[2:0] = <0:0:0>) for the FPGA connected to the Platform Flash PROM and
Slave Serial mode (M[2:0] = <1:1:1>) for all other FPGAs in the daisy chain. After the
master FPGA—the FPGA on the left in the diagram—finishes loading its configuration
data from the Platform Flash, the master device supplies data using its DOUT output pin
to the next device in the daisy chain, on the falling CCLK edge.

Also, to successfully configure a daisy chain, the GTS_cycle bitstream option must be set to
a Startup phase after the DONE_cycle setting for all FPGAs in the chain. This is the
software default setting. Optionally, set GTS_cycle:Done.

Ganged or Broadside Configuration

“Daisy-Chained Configuration” is designed to load multiple FPGAs, each with a different
design and typically of different array size. However, some applications include multiple,
identical FPGAs, all programmed with the same bitstream. Instead of daisy chaining the
FPGAs and storing multiple copies of the same bitstream, “Ganged or Broadside
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Configuration” programs multiple, identical FPGAs with the same bitstream, as shown in
Figure 3-5, page 81.

>
‘000 ‘o
Platform Flash * * * + + +
XCFxXxx M2 M1 MO M2 M1 MO
CLK |« CCLK L —»{ccLK
DO}——»{DIN DOUT |————— | DIN DOUT|—— >
CE |&— INIT_B INIT B |——¢———»
OE/RESET |—— —»| PROG_B DONE —»| PROG_B DONE
CF Master FPGA %g Slave FPGA %g _
PROGRAM . .

UG332_c3_02_111906

Figure 3-4: Multi-FPGA Daisy-Chain Configuration Using Xilinx Platform Flash PROM

00O
Platform Flash * * *
XCFxxx M2 M1 MO
CLK | CCLK
DO »| DIN DOUT——»
CE je— INIT_B |-
OE/RESET |« — »PROG_B DONE |-
CF Master FPGA
PROGRAM .
Lye
M2 M1 MO
—— »| ccLk
L | DIN DOUT >
INIT_B |-
+—»|PROG B DONE |-%
\) \/ Slave FPGA

UG332_¢3_03_111906

Figure 3-5: Multiple, Identical FPGAs Programmed with the Same Bitstream
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JTAG Interface

Spartan-3 generation FPGAs and the Platform Flash PROMs both have a four-wire IEEE
1149.1/1532 JTAG port. Both the FPGA and the PROM share the JTAG TCK clock input
and the TMS mode select input. The devices may connect in either order on the JTAG chain
with the TDO output of one device feeding the TDI input of the following device in the
chain. The TDO output of the last device in the JTAG chain drives the JTAG connector.

The JTAG interface on the FPGA is powered by the Vcayx supply. Consequently, the
PROM'’s VCCJ supply input must also be 2.5V. To create a 3.3V JTAG interface, refer to
XAPP453: The 3.3V Configuration of Spartan-3 FPGAs for additional information.

Storing Additional User Data in Platform Flash

Typically, there is some additional space leftover in the Platform Flash after storing the
FPGA bitstream. If desired, the application can store additional data in the Platform Flash
PROM and make it available to the FPGA after configuration.

The FPGA application does not have easy write-access to the PROM but read-access is
relatively simple, as described in the referenced application notes below. For applications
that also require easy write-access, consider using the Master SPI configuration interface,
described in Chapter 4, “Master SPI Mode”.

Use the available space in the Platform Flash PROM, or even the next larger PROM size, to
hold additional nonvolatile application data such as MicroBlaze® processor code, or other
user data such as serial numbers and Ethernet MAC IDs. Using a MicroBlaze application as
an example, the FPGA configures from the Platform Flash PROM. Then using FPGA logic
after configuration, the FPGA copies MicroBlaze code from Platform Flash into external
DDR SDRAM for code execution, providing simple and cost-effective code shadowing.
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Storing Additional User Data in Platform Flash

FPGA Platform Flash

DIN j«¢—— DO
CCLK |—»{ CLK
INIT_B |— OE/RESET
DONE [—» CE

a) Standard interface

Spartan-3E
Spartan-3A/3AN
Spartan-3A DSP Spartan-3
FPGA Platform Flash FPGA Platform Flash

DIN j««—— DO DIN j«¢«—— DO
CCLK —»{ CLK CCLK j—» CLK
INIT_B |—» %/RESET User I/O
DONE p» CE INIT_B —»| OE/RESET
DONE p» J: CE
b) PROM always enabled -
Spartan-3E
Spartan-3A/3AN
Spartan-3A DSP Spartan-3
FPGA Platform Flash FPGA Platform Flash
DIN j««—— DO DIN j««—— DO
CCLK —»{ CLK CCLK j—» CLK
INIT_B |—» %/RESET User I/O
User-1/0 CE INIT_B —»| OE/RESET
DONE User-1/0 CE
DONE p»

= c) PROM enabled by FPGA

- UG332_c3_17_040107

Figure 3-6: Various Methods to Use Platform Flash PROM after Configuration

A few simple modifications are required to the standard interface. As shown in

Figure 3-6a, the FPGA uses its DONE output to enable the Platform Flash PROM CE input.
However, once configured, the FPGA cannot re-enable the PROM because the DONE is a
dedicated pin and the FPGA application cannot control it.

The simplest solution, shown in Figure 3-6b, is to connect the PROM’s CE input to ground.
The PROM consumes slight more power if constantly enabled, but then the FPGA has
direct access. On Spartan-3 FPGAs, the CCLK pin is a dedicated pin. To control the PROM,
use an FPGA I/0 in parallel with CCLK. Also be sure to set the CclkPin:Pullnone
bitstream option.

Figure 3-6¢ shown an alternative solution. In this case, connect the PROM’s CE input to an
FPGA 1I/0 pin. The FPGA pin has a sufficiently large pull-down resistor to guarantee that
CE is Low during configuration. The exact size of the pull-down resistor depends on

whether pull-up resistors are enabled during configuration and the I/O standard used in
the application. See Table 2-15, page 62 for pull-down resistor values. After configuration,
the FPGA can selective enable the PROM by driving the associated I/O pin High or Low.

See the following application notes for specific details on how to implement such an
interface.
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e XAPP482: MicroBlaze Platform Flash/PROM Boot Loader and User Data Storage
http:/ /www.xilinx.com /support/documentation /application_notes/xapp482.pdf

e XAPP694: Reading User Data from Configuration PROMs
http:/ /www.xilinx.com/support/documentation/application_notes/xapp694.pdf

Generating the Bitstream for a Master Serial Configuration

The create the FPGA bitstream for a Master Serial mode configuration, follow the steps
outlined in “Setting Bitstream Options, Generating an FPGA Bitstream,” page 39. For an
FPGA configured in Master SPI mode, set the following bitstream generator options.

ConfigRate: CCLK Frequency

Set the ConfigRate option as described in “CCLK Frequency,” page 80. Using the ISE®
software Project Navigator, the Configuration Rate frequency is set in Step 7 in Figure 1-7,
page 41.

-g ConfigRate: 25

StartupClk: CCLK

By default, the configuration Startup clock source is the internally generated CCLK. Keep
the StartupClk bitstream generation option, shown as Step 13 in Figure 1-8, page 42.

-g Startupd k: Ccl k

DriveDone: Actively Drive DONE Pin

In a single FPGA design or for the Master FPGA in a multi-FPGA daisy chain, set the FPGA
to actively drive the DONE pin after successfully completing the configuration process.
Using ISE Project Navigator, check the Drive Done Pin High option, shown as Step 16 in
Figure 1-8, page 42.

-g DriveDone: Yes

GTS_cycle: Global Three-State Release Timing for Daisy Chains

If creating a multi-FPGA daisy chain, set the GTS_cycle option to be later than the
DONE_cycle setting, which is the default setting for both. Alternatively, set
GTS_cycle:Done. From ISE Project Navigator, the GTS_cycle setting is the Enable Outputs
(Output Events) option, shown as Step 14 in Figure 1-8, page 42.

Preparing a Platform Flash PROM File

This section provides guidelines to create PROM files for Platform Flash PROM memories.

The Xilinx software tools, “iMPACT” or PROMGen, generate PROM files from the FPGA
bitstream or bitstreams.

IMPACT
The following steps graphically describe how to create a PROM file using iMPACT from
within the ISE Project Navigator.
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XX"JNX@ Preparing a Platform Flash PROM File

1. From within the ISE Project Navigator, double-click Generate PROM, ACE, or JTAG
File from within the Process pane, as shown in Figure 3-7.

Proceszses: \ al

E| {_}OGenerate Frogramming File \]/
ik

[ 8 Proaramminn File Genaration Be

Generate PROR, ACE, ar JTAG File

¢ Configure Device MPACT) -
1] | 3
E'—I: Froceszes |

UG332_c4_10_110206

Figure 3-7: Double-click Generate PROM, ACE or JTAG File

2. Asshown in Figure 3-8, select Prepare a PROM File.

AEIMPALCT - Welcome to iIMPACT

—Fleaze zelect an action from the it below

= Configure devices using Boundam-Scan [JTAG]

\2// I Automatically connect to a cable and identify B oundary-Scan chain j
iy

Prepare a PROM File

= Prepare a System ACE File

= Prepare a Boundam-Scan File

SWF -
= Configure devices
uzing Slave Senal mode \3/ él
< Back Next > | .................. I: ann:el ..................

UG332_c4_11 19

Figure 3-8: Prepare a PROM File
3. Click Next.
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4. As shown in Figure 3-9, format the FPGA bitstream or bitstreams for a Xilinx PROM.

® N o U

HZIMPACT - Prepare PROM Files

| want bo target & \4/

i+ Hiline PROM
" Generic Parallel PROM
" 3rd-Party SPl PROM

= PROM Supparting Multiple Cesign Yersions; I Spartan3E bultiBoot ;I

FROM File Farmat

s MCS 5 = UFP ['C" format]

i~ ExO BIM i~ ISC

" HE= ["|SwapBits \ 5 Y
/.

Checkzum Fill Walue [2 Hex Digitz): IFF

PROM File Mame: IMyPIathrmFIash

Locatiar: IE:HData.-’my_designs.-’led_crazy

Browsze, ..
\7/

< Back

Mext =

\/Eancel |

UG332_c3_04_111506

Figure 3-9: Set Options for Xilinx Platform Flash PROM

Select a PROM File Format.
Enter a PROM File Name.
Click Next.

As shown in Figure 3-10, select the xcf (Platform Flash PROM) family from the drop-

list.
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Preparing a Platform Flash PROM File

CSIMPALT - Specify Xiline PROM Device

[T Auto Select PROM

[T Enable Bevisioning

Murnber '“8"ns:|'l vI 9 W
[T Enable Compression

Select a PROKM:  wcf -

< Back Pt » \/I:ancel |

UG332_c3_05_111506

Figure 3-10: Select Platform Flash PROM

9. Select the desired Platform Flash part number. The example in Figure 3-10 shows an
XCF04 PROM, which stores up to 4 Mbits, or 524,288 bytes.

10. Click Add. This example assumes that the FPGA is connected to a single Platform
Flash PROM. However, multiple Platform Flash PROMs can also be cascaded to create
a larger memory. If the application cascaded multiple PROMs, then click the Add
button to include additional PROMs.

11. For a design that uses a single Platform Flash PROM, the PROM also is located in
position 0. If the application used multiple, cascaded PROMs, each PROM part name
and position would be listed.

12. Click Next.

13. As shown in Figure 3-11, review that the settings are correct to format the Platform
Flash PROM. Click Finish to confirm the settings or Back to change the settings.
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1IZIMPALT - File Generation Summary

“'ou have entered following infarmation:

PROM Type: Serial

File Farrnat mcs

Fill " alue FF

PROM filename b yPlatformFlazh PR Ok

Murnber of PROM s 1

Posfon  PatMNawe
1] wcf0ds

Click “Finizh" to start adding device filez.

\13/

¢ Back Firigh \/ Cancel |

UG332_c3_06_111506

Figure 3-11: Review PROM Formatting Settings

14. As shown in Figure 3-12, click OK to start adding bitstream files.
-1 add Device

Stark adding device File to
Daka Stream: O
W
17 add Device [ x| |

=~ W'auld viou like to add another dewvice File bao
Lock ir: I = led_crazy Data Stream: O W
3 s Mo |

\26

Iled_n::raz_l,l. bit - Dpen

Files of type: | FPGA Bit Files [* bit) | Cancel |
g

UG332_c3_07_111506

File name:

Figure 3-12: Add FPGA Configuration Bitstream File(s)

15. Locate and select the desired FPGA bitstream.
16. Click Open.
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17. Click No. This example assumes that the Platform Flash PROM holds only a single
FPGA bitstream. If creating a multi-FPGA configuration daisy chain, click Yes and
select additional FPGA bitstreams.

18. Asshown in Figure 3-13, the iMPACT software graphically displays the Platform Flash
PROM and associated FPGA bitstream(s).

=I5 IMPALT - CDatamy_designstblinky_lights' default.ipf - [PROM File Formatter]

Eﬁ File Edit Wiew Operations Opkions Oukput Debug Window Help

o -] 4 — I
IFEH & DB X 22200 | {F: 2253 18
x|

- Boundary Scan i b 4 IILIHI'E : T E
- TS laveSenial 4 PROM b 1 ;
'g"gSEIEDtM'ﬁ'FI :(n:fl:lﬂl-ﬂ TR R TR RCRCRCRCY
B8 Desktop Configu... = || 16.10 % Full w3 400 20
Ireck onfg... led_crazy hit

SaDirect SPI Corfi ll

MPACT Modes

\194 PROM File Generation Succeeded
|

livwailable Onerations < e

Generate File...

UG332_c3_08_111506

Figure 3-13: Generate PROM File

19. Click Generate File.
20. The iMPACT software indicates when the PROM file is successfully created.

Platform Flash In-System Programming via JTAG using iMPACT

Both the FPGA and the Platform Flash PROM are in-system programmable via the JTAG
chain. Download support for prototyping purposes is provided by the Xilinx iMPACT
programming software and the associated Xilinx Parallel Cable IV, MultiPRO, or Platform
Cable USB programming cables.

Prepare Board for Programming
Before attempting to program the Platform Flash PROM, complete the following steps.

1. Ensure that the board is powered.

2. Ensure that the programming cable is properly connected both the board and to the
computer or workstation.

Programming via iIMPACT

The following steps describe how to program a Platform Flash PROM using the iMPACT
software and a Xilinx programming cable.
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1. Click Configure devices using Boundary-Scan (JTAG) from within iMPACT, as
shown in Figure 3-14. If the Automatically connect ... option is selected, iMPACT will
query the devices in the JTAG chain and automatically detect the chain topology.

HCIMPACT - Welcome to iIMPACT

1 Pleaze select an action fram the list Belaw |
\/ {+ Configure devices using Boundarp-Scan [ TAG]
I Automatically connect to a cable and identify Boundary-Scan chain ;I

i~ Prepare a PROM File

i~ Prepare a System ACE File
" Prepare a Boundany-Scan Fils
SWF -

i~ Configure devices

uzing Slave Serial mode \\Z//A

¢ Back

Cancel

UG332_c2_09_111506
Figure 3-14: Program Platform Flash PROM using JTAG

Click Finish.

As shown in Figure 3-15, the iMPACT software automatically detects the JTAG chain,
if so enabled. This example application is similar to that shown in Figure 3-1. The
FPGA is an XC35700A, followed in the chain by an XCF04S Platform Flash PROM.

Favararararat Favaravararat

FCFCRCRCECY

L

q
TDI _E F xiumor FoXILNE
k|

xcdsy00a xcflds
bypass bypaszs

TOO

UG332_c3_10_111506

Figure 3-15: iMPACT Automatically Detects JTAG Chain

4. In this example, the XC35S700A precedes the XCF04S Platform Flash PROM in the
chain. The FPGA does not need to be programmed in order to program the Platform
Flash PROM. The iMPACT software prompts for the FPGA bitstream, as shown in
Figure 3-16. Click Bypass to skip programming the FPGA.
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5 Assign New Configuration File

Loak in: I_\]|:Z.-"Data.-"l'l'l_l.-l_ljESigﬂSf'Ed_CrElZ_','."l x| 4= 5 l% =

led_crazy. bit

File name: || Open
File type: I All Design Files [*.bit *.rbt * nky *isc . bad) ;I Canicel 4
Cancel All | Bypasz \/

4

UG332_c3_11_111506

Figure 3-16: Bypass Programming the FPGA

5. Asshown in Figure 3-17, select the PROM data file to be programmed to the Platform
Flash PROM.

7 Assign New Configuration File

Look i I_\j|:Z.-"D-Elta.-"I'ﬂ_','_dESigﬂ&.-qu_I:raE_','.-" j 4m cF Iﬁ e
/.

EI M yFlatformFlazh. mcs S
' N
File narme: IMyPIathrmFlash.mcs Open
File type: I All Design Files [*.mcs *.exo *izc " bed] ;I Carncel
Cancel All | Bypasz

2

UG332_c3_12_ 111506

Figure 3-17: Select the Platform Flash Programming File

Click Open.

As shown in Figure 3-18, the iIMPACT software updates the screen image, showing the
files to be loaded to each device in the JTAG chain. To program the Platform Flash
PROM,, first click to highlight the XCF04S PROM.
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| = ety
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Figure 3-18: Program the Platform Flash PROM
8. Double-click Program.

9. Click Programming Properties, as shown in Figure 3-19.

~Programming Properties
Cateqgary é

B8 Frogrammming Froperties

v “erify
—General CPLD And PROM Properties

11

¥ Erase Before Programming [~ Fead Protect

[ PROM/CoolRunner-l Usercode [8 Hex Digits) I

—PROM Specific: Properties
12 | [ Load FPGA [T ParalelMode & Wse D4 far CF

W ] Canicel Apply Help
S

UG332_c3_14_111506

Figure 3-19: PROM Programming Options

10. Check Verify. Unchecking Verify will reduce programming but iMPACT can only
guarantee correct programming on a verified PROM.
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11. Check Erase Before Programming. Required for reprogramming. Unchecking the
Erase option reduces programming time for a blank device.

12. Check Load FPGA to force the FPGA to automatically reconfigure with the new
PROM data after PROM programming is complete.

13. Click OK.

14. The iMPACT software indicates successful programming, as shown in Figure 3-18.

Production Programmers

The Xilinx Platform Flash PROMs are supported by a variety of third-party production
programmers. These programmers are the best option for high-volume applications and
many offer gang-programming options.

Table 3-6 provides links to vendors that provide Platform Flash programming support.
The links indicate the specific programmer model numbers, software versions, and any
programming adapters required.

Table 3-6: Xilinx Platform Flash Production Programmers

Platform Flash Part .
. Production Programmers
Family Numbers

XCF01S

XCFxxS XCF025 www.xilinx.com/support/programr/dev_sup.htm#XCF00SP
XCF04S
XCF08P

XCFxxP XCF16P | www.xilinx.com/support/programr/dev_sup.htm#XCF00SP
XCF32P

Additional Information

e DS123: Platform Flash In-System Programmable Configuration PROMs
www.xilinx.com/support/documentation/data_sheets/ds123.pdf
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The SPI serial Flash configuration mode is ideal for applications with the following
attributes.

e SPI Flash PROMs are already being used in the system.

e The FPGA application needs to store data in nonvolatile memory or to access data
from randomly-accessible, byte-addressable, nonvolatile memory.

e High-volume “consumer” applications with a production run of about a few years or
less. For embedded applications with a five year or longer production lifetime, also
consider Master Serial mode using Xilinx® Platform Flash, which has a longer, more
stable supply lifetime than commodity Flash.

In Master SPI mode (M[2:0] = <0:0:1>), the Spartan®—3E or Spartan-3A/3AN/3A DSP
FPGA configures itself from an attached industry-standard SPI serial Flash PROM, as
illustrated in Figure 4-1 and Figure 4-2. The figure shows optional components in gray and
designated “NO LOAD”. The FPGA supplies the CCLK output clock from its internal
oscillator and drives the clock input of the attached SPI Flash PROM.

More information on configuration from SPI Flash PROMs can be found in the following
application note.

e  XAPP951: Configuring Xilinx FPGAs with SPI Serial Flash
http:/ /www.xilinx.com /support/documentation /application_notes/xapp951.pdf
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Xilinx Cable Header
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Note: Grayed out pull-up resistor on CSO_B is only necessary when HSWAP/PUDC_B is High (I/O Pull-Ups Not Enabled)
Figure 4-1: SPI Flash Configuration Interface for M25P-compatible Devices

Although SPl is a fairly standard and ubiquitous four-wire interface, various available SPI
Flash PROMs use different command protocols. The FPGA’s variant select pins, V5[2:0],
define how the FPGA communicates with the SPI Flash, including which SPI Flash
command the FPGA issues to start the read operation and the number of dummy bytes
inserted before the FPGA expects to receive valid data from the SPI Flash. Table 4-2 shows
the available SPI Flash PROMs tested or expected to operate with Spartan-3E/3A FPGAs.
Other compatible devices might work but have not been hardware verified by Xilinx. All
other VS[2:0] values are reserved for future use. Consult the data sheet for the desired SPI
Flash device to determine its suitability.

Figure 4-1 shows the general connection diagram for SPI Flash PROMs that support the
0x0B FAST READ commands, which are most modern 25-series PROMs. The example
shown is an STMicro (Numonyx) M25Pxx PROM.
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Figure 4-2 shows the connection diagram for Atmel DataFlash serial PROMs, which also
use an SPI-based protocol. Xilinx recommends using ‘C’- or ‘D’-series DataFlash devices.

Figure 4-6, page 113 demonstrates how to configure multiple FPGAs with different
configurations, all stored in a single SPI Flash. The diagram uses standard SPI Flash
memories but the same general technique applies for Atmel DataFlash.

Xilinx Cable Header
(SPI Flash Direct Programming)
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Spartan-3A/3AN, ins GND
Spartan-3A DSP 1 VS2
r;;ijl\lll‘.aulglﬁarsnizsitlors é—» ‘1’_> VSl J—_
3 1 -
@ “ip ('] VSO INIT B |-
© REF VCCAUX |€— VCCAUX
To TMS §
$S o AN > TMS
e oHEE A, »| TCK
%E O TDO
Solla o= 1+—wWA—> DI TDO F—
N IERET e PROG_B DONE -
< aN.C. GND
_ B AN
=  SPI Direct
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Note: Grayed out pull-up resistor on CSO_B is only necessary when HSWAP/PUDC_B is High (/O Pull-Ups Not Enabled)
Figure 4-2: SPI Flash Configuration Interface for Atmel DataFlash Devices
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Master SPI Mode Differences between Spartan-3 Generation FPGA

Families

The Master SPI configuration mode is available using either the Spartan-3A /3AN/3A DSP
or Spartan-3E FPGA families. It is not provided on the Spartan-3 FPGA family, as
summarized in Table 4-1.

Table 4-1: Master SPI Mode Support within Spartan-3 Generation FPGAS

Spartan-3 Spartan-3E gg:ng g/’:/ggg
FPGA FPGA FPGA
Supports multi-FPGA daisy-chain Step 1 onl Yes
configurations p y
Supports MultiBoot configuration No Yes
Watchdog Timer retry Master SPI No Yes
CCLK directionality during Master mo@e 18 not Output only for
available on . ;
SPI mode Spartan-3 170 improved signal
I;;rcir; integrity
M][2:0] and VS[2:0] pins have No
dedicated internal pull-up resistors Optional, Y
during configuration controlled by €s
HSWAP

Choosing a Compatible SPI Serial Flash

The Spartan-3E and Spartan-3A/3AN/3A DSP FPGA families are designed to support a
wide range of SPI serial Flash memory devices. Table 4-2, page 99 lists the Xilinx-tested
PROMs that have in-system programming support using the iMPACT software. Many
other SPI Flash PROMs are designed to be form, fit, and functionally equivalent and are
listed in Table 4-5, page 101. The Xilinx ISE® software generates compatible programming
files but Xilinx has not tested these PROMs for complete compatibility. Similarly, the
PROMs listed in Table 4-5, page 101 are not supported by the iIMPACT in-system
programming software.

The criteria to select an SPI Flash PROM are listed below.

¢ Ideally, the end application should use a Xilinx-tested SPI PROM, listed in Table 4-2.
Table 4-3, page 99 lists the specific SPI Flash PROM part numbers tested and
supported within iMPACT for in-system programming using Xilinx programming
cables.
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Table 4-2: SPI Flash Memory Devices Officially Supported by Xilinx and Programmed Using iMPACT

Read Command
ill Fast Read Read
SPI Flash Hnx 1o Read Array Density (bits)
. que
IMPACT ™"\ 57| (0x0B) (0x03) (OXES)
Support -
FPGA VS[2:0] Setting
Vendor Family 1:1:1 | 1:0:1 | 1:1:0 |512K| 1M | 2M | 4M | 8M |16M|32M | 64M|128M
M25P L 2 L 2 L 2 L 2 L R 2 L 2 L 2 * L 2 L 2 *
STMicro "\ ospE | o . . o o o o
(Numonyx)
M45PE L 2 2 2 2 2 2 2
ALS.DB L 2 L 2 L 2 L 2 L 2 L R 2 L 2 L 2 L 2 4 L 2
D-series
Atmel
m L 2 2 2 2 2 2
B-series

Notes:

1. Xilinx iMPACT Support indicates that Xilinx has physically tested compatibility for these SPI Flash memory devices and provides
programming support in the iMPACT programming utility using Xilinx approved JTAG cables. The iMPACT software generates
programming information that is compatible with all the devices listed.

2. Unique ID indicates that these SPI Flash memory device have factory-programmed unique identifier bits, useful for protecting
FPGA applications or IP cores.

Table 4-3: SPI Serial Flash PROMs Supported by iMPACT

Vendor STMicro (Numonyx) Atmel
Status Recommended Supported Recommended| Supported
Density (bits) M25Pxx M25PExx | M45PExx | AT45DBxxxD | AT45DBxxxB
512K M25P05A
™M M25P10A M25PE10 | M45PE10 | AT45DB011D | AT45DB011B
M M25P20 M25PE20 | M45PE20 | AT45DB021D | AT45DB021B
4M M25P40 M25PE40 | M45PE40 | AT45DB041D | AT45DB041B
8M M25P80 M25PE80 | M45PE80 | AT45DB081D | AT45DB081B
16M M25P16 AT45DB161D | AT45DB161B
32M M25P32 AI45DES21D AT45DB321B
E— AT45DB321C | —
64M M25P64 AT45DB642D
128M M25P128

The specific SPI serial memory must support a compatible read command offered by
the FPGA. The specific command set is selected by defining the FPGA’s VS[2:0] pins
before configuration. Table 4-4 lists the commands supported on Spartan-3E and
Spartan-3A/3AN/3A DSP FPGAs. The command setting defines which SPI Flash
read command that the FPGA issues at the start of configuration, followed by a 24-bit
address starting at 0, followed by the number of dummy bits required for the specific

command.
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http://www.atmel.com/dyn/products/product_card.asp?part_id=3936
http://www.atmel.com/dyn/products/product_card.asp?part_id=2468
http://www.numonyx.com/Documents/Datasheets/M25P40.pdf
http://www.numonyx.com/Documents/Datasheets/M25PE40.pdf
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http://www.atmel.com/dyn/products/product_card.asp?part_id=3818
http://www.atmel.com/dyn/products/product_card.asp?part_id=3504
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¢ The Fast Read command (command code 0x0B) is supported on modern 25-
series SPI serial Flash devices. Set VS[2:0] <1:1:1> to use this command. SPI Flash
PROMs that support the Fast Read command also support the Read command.

¢ The Read command (command code 0x03) is a legacy command set, offered on
all 25-series SPI serial Flash devices. Set VS[2:0] <1:0:1> to use this command.

¢ The Read Array command (command code OXE8) is offered on all Atmel AT45-
series DataFlash PROMs. Set VS[2:0] <1:1:0> to use this command.

¢ Some recent SPI Flash PROMs, like the Atmel AT45DB D-series PROMs support
all three read commands.

Table 4-4: SPI Read Commands Supported by Spartan-3 Generation FPGAs

VS[2:0] Pins Read Hexadecimal
C d Command Address Bits Dummy Bits
VS2 | VS1 | VSO omman Code
1 1 1 Fast Read 0x0B 8 bits, all zeros
1 0 1 Read 0x03 24-bit, all zeros None
1 1 0 Read Array OxE8 32-bits, all zeros
Others Reserved

The specific SPI serial memory must be large enough to contain one or more FPGA
bitstreams plus any other nonvolatile memory requirements to support the FPGA
application after configuration.

¢ The size of an individual, uncompressed FPGA bitstream is provided in Table 4-6,
page 102, although the size requirements might be reduced by using “Bitstream
Format,” page 36.

¢ If using MultiBoot on a Spartan-3A/3AN/3A DSP FPGA, add the size of each
MultiBoot configuration image. Essentially, it is the same as an individual FPGA
image, but MultiBoot allows multiple selectable images within a single FPGA.

¢ Using a daisy-chained configuration scheme, a single SPI Flash PROM can store
multiple FPGA bitstreams. Add the bitstream sizes for each FPGA in the daisy
chain.

¢ If using the SPI PROM to store MicroBlaze™ code or other nonvolatile data for
the FPGA application after configuration, add the sizes of each of these images.

¢ Add any overhead requirements to align the data to page or sector boundaries as
required by the selected Flash PROM device.

For possible future migration to a larger FPGA or to allow possible upward migration
for additional data, choose a SPI PROM family that offers larger, compatible densities.

For Spartan-3E FPGA applications that require anti-cloning protection, choose an SPI
PROM that provides a unique identifier (ID). See “Spartan-3E FPGA: Leveraging
Security Features in Select Commodity Flash PROMs,” page 289. Spartan-
3A/3AN/3A DSP FPGAs provide similar protection features using an SPI PROM. See
“Spartan-3A /3AN/3A DSP FPGA: Imprinting or Watermarking the Configuration
PROM with Device DNA,” page 288.

The Xilinx iMPACT software offers direct, in-system programming using Xilinx
programming cables, starting with ISE 8.2i. However, the current software version
only supports the STMicro (Numonyx) and Atmel devices indicated in Table 4-2,
page 99. Many 25-series PROMs are directly compatible with the STMicro (Numonyx)
M25Pxx family and could be substituted in production.
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Table 4-5: Other SPI Flash Memory Devices With Data Sheet Compatibility (Unverified by Xilinx,
Unsupported in iMPACT)

Read Command
- Fast Read Read
SPI Flash Xilinx Unique| Read (0x03) Array Density (bits)
iIMPACT | ™" \5" 7| (0x0B) (OXE8)
Support
FPGA VS[2:0] Setting
Vendor Family 1:1:1 | 1:0:1 | 1:1:0 |512K| 1M | 2M | 4M | 8M |16M|32M |64M |128M
AT26 * * * * 2 *
Atmel
AT25 * * * L R 4 *
Spansion
(AMD, S25FL L 2 L 2 * * 2 *
Fujitsu)
NX25P L 4 L 4 * * L 4 * L 4
Winbond W25P
(NexFlash)
W25X 2 2 * * L 4 * L 4 L 4 *
Intel
(Numonyx) 533 * * ¢ M
SST25L
SST
SST25V L 2 L 2 * L R 4 * L 4 *
Macronix MX25 L 2 * * L R 4 * L 4 *
Chingis
(PMC) Pm25 * * * L R 4 * L 4 *
AMIC A25L L 2 * * * 2
Eon EN25 L 2 * * L R 4 * L 4
Notes:

1. Compatibility based on publicly available data sheets.

2. Unique ID indicates that these SPI Flash memory device have factory-programmed unique identifier bits, useful for protecting
FPGA applications or IP cores.

SPI Flash PROM Density Requirements

Table 4-6 shows the smallest usable SPI Flash PROM to program a single Spartan-
3A/3AN/3A DSP or Spartan-3E FPGA. Commercially available SPI Flash PROMs range in
density from 1 Mbit to 128 Mbits. A multiple-FPGA daisy-chained application requires a
SPI Flash PROM large enough to contain the sum of the FPGA file sizes. An application can
also use a larger-density SPI Flash PROM to hold additional data beyond just FPGA
configuration data. For example, the SPI Flash PROM can also store application code for a
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MicroBlaze™ RISC processor core integrated in the Spartan-3A or Spartan-3E FPGA. See
“SPI Flash Interface after Configuration”.

Table 4-6: Number of Bits to Program a Spartan-3A/3AN/3A DSP or Spartan-3E
FPGA and Smallest SPI Flash PROM

Family FPGA Number of Configuration Bits| Smallest Usable
(Uncompressed) SPI Flash PROM
XC3S50A /AN 437,312 512 Kbit
XC3S200A /AN 1,196,128 2 Mbit
Spartan-3A/3AN | XC3S400A/AN 1,886,560 2 Mbit
XC3S700A /AN 2,732,640 4 Mbit
XC351400A/ AN 4,755,296 8 Mbit
XC3SD1800A 8,197,280 8 Mbit
Spartan-3A DSP
XC3SD3400A 11,718,304 16 Mbit
XC3S100E 581,344 1 Mbit
XC3S250E 1,353,728 2 Mbit
Spartan-3E XC3S500E 2,270,208 4 Mbit
XC351200E 3,841,184 4 Mbit
XC351600E 5,969,696 8 Mbit

FPGA Connections to the SPI PROM

Table 4-7 shows the connections between the SPI Flash PROM and the FPGA’s SP1
configuration interface. Each SPI Flash PROM vendor uses slightly different signal
naming.

Table 4-8, page 104 provides a complete list of the FPGA pins involved in the Master SPI
configuration mode.

Table 4-7: Example SPI Flash PROM Connections and Pin Naming

. . Silicon
SPI Flash Pin FPGA Connection STMicro | Winbond/ Storage Atmel
(Numonyx) | NexFlash DataFlash
Technology

Slave Data Input | MOSI D DI SI SI
Slave Data Output | DIN Q DO 50 SO
Slave Select CSO_B S CS CE# CS
Slave Clock CCLK C CLK SCK SCK
Write Protect Not required for FPGA configuration. Must W WP WP# WP

be High to program SPI Flash. Optional

connection to FPGA user [/O after

configuration.
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FPGA Connections to the SPI PROM

Table 4-7:

Example SPI Flash PROM Connections and Pin Naming (Continued)

SPI Flash Pin

FPGA Connection

STMicro
(Numonyx)

Winbond/
NexFlash

Silicon
Storage
Technology

Atmel
DataFlash

Hold
(see Figure 4-1)

Not required for FPGA configuration but
must be High during configuration and
programming. Optional connection to
FPGA user 1/0 after configuration. Not
applicable to Atmel DataFlash.

HOLD

HOLD

HOLD#

N/A

Reset
(see Figure 4-2)

Only applicable to Atmel DataFlash. Not
required for FPGA configuration but must
be High during configuration and
programming. Optional connection to
FPGA user I/0O after configuration. Do not
connect to FPGA’s PROG_B as this
potentially prevents direct programming of
the DataFlash.

N/A

N/A

N/A

RESET

Ready/Busy
(see Figure 4-2)

Only applicable to Atmel DataFlash and
only available on certain packages. Not
required for FPGA configuration. Output
from DataFlash PROM. Optional
connection to FPGA user 1/0O after
configuration.

N/A

N/A

N/A

RDY/BUS
Y

The mode select pins, M[2:0], and the variant select pins, VS[2:0] are sampled when the
FPGA’s INIT_B output goes High and must be at defined logic levels during this time.
After configuration, when the FPGA’s DONE output goes High, these pins are all available

as full-featured user-1/0 pins.

(P) Similarly, the FPGA’s HSWAP or PUDC_B pin must be defined. Set Low to enable pull-
up resistors on all user-I/O pins during configuration or High to disable the pull-up

resistors. The HSWAP or PUDC_B control must remain at a constant logic level throughout
FPGA configuration. After configuration, when the FPGA’s DONE output goes High, the
HSWAP or PUDC_B pin is available as full-featured user-1/O pin and is powered by the
VCCO_0 supply.

The FPGA's DOUT pin is used in daisy-chain applications, described in “Daisy-Chained
Configuration,” page 113. In a single-FPGA application, the FPGA’s DOUT pin is in-active,
but pulled High via an internal resistor.

@ The SPI Flash PROM’s Write Protect and Hold controls are not used by the FPGA
during configuration, although the Hold pin must be High during the configuration
process. The PROM’s Write Protect input must be High in order to write or program the
Flash memory.
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Table 4-8: Serial Peripheral Interface (SPI) Connections

Pin Name .FPG.A Description During Configuration After Configuration
Direction
HSWAP Input User I/O Pull-Up Control. When Drive at valid logic level User I/O
PUDC B Low during configuration, enables throughout configuration.
® N pull-up resistors in all I/O pins to
respective I/ O bank Vg input. See
“Pull-Up Resistors During
Configuration,” page 58.
0: Pull-ups during configuration
1: No pull-ups
M][2:0] Input Mode Select. Selects the FPGA M2=0,M1=0,M0=1. UserI/0
configuration mode. Spartan- Sampled when INIT_B goes
3A/3AN/3A DSP FPGAs have High. Spartan-3A/3AN/3A
dedicated internal pull-up resistors DSP FPGAs have internal
on these pins. See “Choose a pull-up resistors to VCCO_2.
Configuration Mode: M[2:0],”
page 46.
VS[2:0] Input Variant Select. Instructs the FPGA Must be at the logic levels UserI/O
how to communicate with the shown in Table 4-2. Sampled
attached SPI Flash PROM. Spartan- when INIT_B goes High.
3A/3AN/3A DSP FPGAs have Spartan-3A /3AN/3A DSP
dedicated internal pull-up resistors FPGAs have internal pull-up
on these pins. resistors to VCCO_2.
MOSI Output Master SPI Serial Data Output. FPGA sends SPI Flash UserI/O
Connect to the SPI Flash PROM’s memory read commands and
Slave Data Input pin. starting address to the
PROM’s serial data input.
DIN Input Master SPI Serial Data Input. FPGA receives serial data User I/O
Connect to the SPI Flash PROM’s from PROM'’s serial data
Slave Data Output pin. output.
CSO_B Output Master SPI Chip Select Output. If HSWAP or PUDC_B =1, Drive CSO_B High after
Active Low. Connect to the SPI Flash | connect this signal toa 4.7kQ | configuration to disable
PROM’s Slave Select input. pull-up resistor to 3.3V. the SPI Flash and reclaim
the MOSI, DIN, and
CCLK pins. Optionally,
re-use this pin and MOSI,
DIN, and CCLK to
continue communicating
with SPI Flash. See “SPI
Flash Interface after
Configuration,”
page 110.
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FPGA Connections to the SPI PROM

Table 4-8: Serial Peripheral Interface (SPI) Connections (Continued)

Pin Name .FPGA Description During Configuration After Configuration
Direction

CCLK Output Configuration Clock. Generated by | Drives PROM’s clock input. | User I/O. Drive High or
FPGA internal oscillator. Connect to Low if not used.
the SPI Flash PROM’s Slave Clock Avoid excessive loading
input. Frequency controlled by on CCLK to maintain best
ConfigRate bitstream generator signal integrity for
option. If CCLK PCB trace is long or configuration.
has multiple connections, terminate
this output to maintain signal
integrity. See “Configuration Clock:

CCLK,” page 52.

DOUT Output Serial Data Output. Used in multi- Not used in single-FPGA UserI/O

FPGA daisy-chain configurations. designs; DOUT is pulled up,
not actively driving. In a
daisy-chain configuration,
this pin connects to DIN
input of the next FPGA in the
chain.

INIT_B Open- Initialization Indicator. Active Low. | Active during configuration. | UserI/O.If unused inthe

drain Goes Low at start of configuration If SPI Flash PROM requires application, drive INIT_B
bidirectional | during Initialization memory more than 2 ms to awake after | High to avoid a floating
1/0 clearing process. Released at end of | powering on, hold INIT_B value. See INIT_B “After
memory clearing, when mode select | Low until PROM is ready. See | Configuration”.

pins are sampled. See “Initializing “Power-On Precautions if

Configuration Memory, System 3.3V Supply is Last in

Configuration Error: INIT_B,” Sequence,” page 106.

page 57. If CRC error detected during
configuration, FPGA drives
INIT_B Low. See “CRC
Checking during
Configuration,” page 299.

DONE Open- FPGA Configuration Done. Low Low indicates that the FPGA | Pulled High via external

drain during configuration. Goes High is not yet configured. pull-up. When High,
bidirectional | when FPGA successfully completes indicates that the FPGA
/0 configuration. See “DONE Pin,” successfully configured.

page 48.

PROG_B Input Program FPGA. Active Low. When Must be High to allow Drive PROG_B Low and
asserted Low for 500 ns or longer, configuration to start. release to reprogram
forces the FPGA to restart its FPGA. Hold PROG_B to
configuration process by clearing force FPGA 1/0 pins into
configuration memory and resetting Hi-Z, allowing direct
the DONE and INIT_B pins once programming access to
PROG_B returns High. SPI Flash PROM pins.

VCCO_2 Voltage | Voltage Supply Input to1/O 3.3V. Ensure that either the | 3.3V

supply | Bank 2. Supplies interface pins to VCCO_2 supply ramps
input SPI Flash PROM. faster than Vcynr OF

VCC AUX OF that the PROM

wakes-up sufficiently fast.

See “Power-On Precautions
if System 3.3V Supply is

Last in Sequence,” page 106.
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Voltage Compatibility

Available SPI Flash PROMs use a single 3.3V supply voltage. All of the FPGA’s SPI Flash
interface signals are within I/O Bank 2. Consequently, the FPGA’s VCCO_2 supply voltage
must also be 3.3V to match the SPI Flash PROM.

Also, see “Power-On Precautions if System 3.3V Supply is Last in Sequence,” page 106.
See also “JTAG Cable Voltage Compatibility,” page 192.

Power-On Precautions if System 3.3V Supply is Last in Sequence

Spartan-3E and Spartan-3A /3AN/3A DSP FPGAs have a built-in power-on reset (POR)
circuit. The FPGA waits for its three power supplies — Vet Vecaux and Veco to1/0
Bank 2 (VCCO_2) — to reach their respective power-on thresholds before beginning the
configuration process. See “Power-On Reset (POR),” page 232 for more information.

The SPI Flash PROM is powered by the same voltage supply feeding the FPGA's VCCO_2
voltage input, typically 3.3V. SPI Flash PROMs specify that they cannot be accessed until
their V¢ supply reaches its minimum data sheet voltage, followed by an additional delay.
For some devices, this additional delay is as little as 10 us as shown in Table 4-9. For other
vendors, this delay is as much as 20 ms.

Table 4-9: Example Minimum Power-On to Select Times for Various SPI Flash PROMs
Vendor SPI Flash PROM Data Sheet Minimum Time from Vcc min to Select = Low

Part Number Symbol Value Units

?;E/Ir:;iy(xN)umonyx) M25Pxx Tygr 10 s

Spansion S25FLxxxA tpu 10 ms

NexFlash NX25xx TysL 10 us

Macronix MX25Lxxxx tysr 10 us

Silicon Storage Technology SST25LFxx TpU-READ 10 us

Programmable

Microelectronics Pm25LVxxx Tycs 50 us

Corporation

Atmel Corporation AT45DBxxxD tvest, 50 us
AT45DBxxxB = 20 ms

Notes:

1. Memm;y vendors are continuously improving their products and specifications. Please check with the memory vendor’s data

sheets for up-to-date values.

In many systems, the 3.3V supply feeding the FPGA's VCCO_2 input is valid before the
FPGA's other Vcnt and Ve aux supplies, and consequently, there is no issue. However,
if the 3.3V supply feeding the FPGA's VCCO_2 supply is last in the sequence, a potential
race occurs between the FPGA and the SPI Flash PROM, as shown in Figure 4-3.
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3.3V Supply
/
SPI Flash cannot be selected /
SPI Flash PROM  fp=========mmmmmmmame g SPI Flash available for
minimum voltage read operations

SPL s : SPI Flash PROM must

FPGA VCCO_2 minimum delay (tys, ) be ready for FPGA
Power On Reset Voltage [~/ Vst access, otherwise delay

Y ) [ FPGA configuration

ccozT
[ o . . [
(Veeint Vecaux FPGA initializes configuration FPGA accesses
already valid) memory (Tpog) SPI Flash PROM N
Time UG332_c4_08_102506

Figure 4-3: SPI Flash PROM/FPGA Power-On Timing if 3.3V Supply is Last in
Power-On Sequence

If the FPGA's Voont and Vecaux supplies are already powered and valid, then the FPGA
waits for VCCO_2 to reach its minimum threshold voltage before starting configuration.
This threshold voltage is labeled as Vcoot in the Spartan-3E or Spartan-3A/3AN/3A
DSP data sheet. The range of values is listed in Table 4-10 and are substantially lower than
the SPI Flash PROM's minimum voltage. Once all three FPGA supplies reach their
respective Power-On Reset (POR) thresholds, the FPGA starts the configuration process
and begins initializing its internal configuration memory. Initialization completes in a
minimum of 1 ms, as shown in Table 4-10, after which the FPGA deasserts INIT_B, selects
the SPI Flash PROM, and starts sending the appropriate read command. The SPI Flash
PROM must be ready for read operations at this time.

There are a few potential solutions if the 3.3V supply is last in the sequence and does not
ramp fast enough, or if the SPI Flash PROM cannot be ready when required by the FPGA.

¢ Change the power sequence order so that the 3.3V VCCO_2 is powered and valid
before the FPGA’s VcnT OF Vecaux supply.

e Choose a different SPI Flash PROM family or vendor, one with a faster power-on
timing specification. For example, while the Atmel AT45DBxxxB family has 20 ms
power-on requirement, the compatible AT45DBxxxD family requires just 30 us.

¢ Delay the FPGA configuration process by holding either the FPGA's PROG_B input or
INIT_B input Low. Release the FPGA when the SPI Flash PROM is ready. For
example, a simple R-C delay circuit attached to the INIT_B pin forces the FPGA to
wait for a preselected amount of time. Alternately, a Power Good signal from the 3.3V
supply or a system reset signal accomplishes the same purpose. Use an open-drain or
open-collector output when driving PROG_B or INIT_B.
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Table 4-10: Spartan-3E and Spartan-3A/3A/3A DSP Power-On Reset Timing and
Thresholds

N Spartan-3A/3AN .

Symbol Description Spartan-3E Spartan-3A DSP Units
VCCO_2 voltage at which Power-On
Reset (POR) circuit is released,

VecooT assuming Veepr and Ve aux 04to1.0 0.8t02.0 \Y%
supplies are already applied and valid.
The time from when the FPGA’s
Power-On Reset (POR) circuit is

Tror released to the rising transition of the lto7 lto18 ms

INIT_B pin

Spartan-3A/3AN/3A DSP and Configuration Watchdog Timer

Spartan-3A /3AN/3A DSP FPGAs include a configuration watchdog timer (CWDT) which
makes SPI Flash configuration more robust, even when the 3.3V supply is applied last.

In Master SPI mode, the CWDT ensures that the FPGA reads a valid synchronization word
from the SPI Flash PROM within the first 216-1 cycles of CCLK. The synchronization word
is part of the FPGA configuration bitstream. If the FPGA does not find the synchronization
word, the CWDT forces the FPGA to automatically resend the SPI Flash read command
and to retry the configuration process. The CWDT retries to successfully configure from
SPI Flash three times before failing. If the FPGA fails to configure, it then drives the INIT_B
pin Low, indicating a failure.

CCLK Frequency

In SPI Flash mode, the FPGA's internal oscillator generates the configuration clock
frequency. The FPGA provides this clock on its CCLK output pin, driving the PROM’s
Slave Clock input pin. The FPGA begins configuring using its lowest frequency setting. If
so specified in the configuration bitstream, the FPGA increases the CCLK frequency to the
specified setting for the remainder of the configuration process. The maximum frequency
is specified using the ConfigRate bitstream generator option. The maximum frequency
supported by the FPGA configuration logic depends on the timing for the SPI Flash device.
Without examining the timing for a specific SPI Flash PROM, use ConfigRate = 12 or
lower. SP1 Flash PROMs that support the FAST READ command support higher data rates.
Some such PROMs support up to ConfigRate = 25 and beyond but require careful data
sheet analysis. See “Serial Peripheral Interface (SPI) Configuration Timing,” page 132 for
more detailed timing analysis.

Table 4-11 lists the various ConfigRate setting options and the corresponding clock-to-
output requirement, TV, for the SPI Flash PROM. The TV value is determined according to
the equation in Table 4-16, page 135. Spartan-3A /3AN/3A DSP FPGAs have more
ConfigRate settings than Spartan-3E FPGAs, hence the shaded cells under the Spartan-3E
column. Unless a ConfigRate setting is specified when generating the bitstream, the
Spartan-3E FPGA uses the default, slowest setting of ConfigRate = 1, which lengthens the
overall configuration time. The Spartan-3A /3AN/3A DSP FPGAs use a default setting of
ConfigRate = 6.
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CCLK Frequency

Table 4-11:

to-Output Requirements (TV)

FPGA ConfigRate Setting and Corresponding SPI Flash PROM Clock-

SPI Flash Maximum TV Specification
o Spartan-3 Spartansapsp |UNIS
Commercial | Industrial |Commercial | Industrial
1
(Spartan-3E default) £265 s 224 <588 £953

3 <127 <106 <189 <178
6

(Spartan-3A /3AN/3A DSP <58 <47 <91.3 <85.6

default)
12 <235 <183 <419 <39
13 <37.1 <348 ns
17 <272 <253
22 <18.6 <172
25 <6.1 <35 <153 <144
27 <139 <13
33 <10.1 <92
44 <53 <49
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SPI Flash Interface after Configuration

After the FPGA successfully completes configuration, all of the pins connected to the SPI
Flash PROM are available as user-1/O pins.

If Not Using SPI Flash after Configuration

If not using the SPI Flash PROM after configuration, drive CSO_B High to disable the
PROM, as shown in Figure 4-4. The MOSI, DIN, and CCLK pins are then available as
general-purpose I/O pins in the FPGA application, although avoid additional loading on
CCLK if possible to maintain best signal integrity.

SPI Flash
FPGA PROM
MOS| p|—6———»| D
DIN j[¢———— Q
CSO BI——»dSs
CCLK|——»|C
a) During configuration
User-1/0
FPGA
(User 1/O) D
(User I/0) O De-selected
“q ds (Standby)
(User I/1O) C

b) After successful configuration

UG332_c4_19_040107

Figure 4-4: If Not Using SPI after Configuration, Drive CSO_B Pin High

De-selecting CSO_B also places the SPI PROM in the lower-power Standby mode. See
“Deassert CSO_B to Enter Standby Mode,” page 136.
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If Using SPI Flash Interface after Configuration

Because all the interface pins are user I/O after configuration, the FPGA application can
continue to use the SPI Flash interface pins to communicate with the SPI Flash PROM, as
shown in Figure 4-5. SPI Flash PROMs offer random-accessible, byte-addressable,

read /write, nonvolatile storage to the FPGA application.

Caution! Allow the FPGA configuration logic to use the CCLK pin to complete configuration
and startup before using it to control the SPI Flash interface. Although most dual-purpose pins
become 1/O at the GTS cycle, CCLK must wait until the End of Startup (EOS). Delay access by
a couple clock cycles after configuration to avoid conflicts. See “Startup” in Chapter 12.

Spartan-3E/-3A/3AN/3A DSP FPGA

‘o SPI Serial Flash PROM
; FFFFF
M: User Data
<§( 153 FPGA-based Mosl > DATAIN
Lo 3 MicroBlaze
DD: m: SPI Master DIN | 4 DATA_OUT h Code
%) ﬁ o CCLK | CLOCK
DD: b Cso_B | SELECT Conggpli:tion
a $ User 0 23 °
. G
: ,{% SPI Peripherals
< - A/D Converter
- DATA IN - D/A Converter
< DATA OUT - SAN Controller
- Displays
P CLOCK - Temperature Sensor
B SELECT - ASSP
- ASIC
YAY
To other SPI slave peripherals UG332_c4_09_040107

Figure 4-5: Using the SPI Flash Interface After Configuration

SPI Master Interface using FPGA Logic

The FPGA does not contain a dedicated SPI interface, except for configuration.
Consequently, to access the SPI Flash or other SPI devices after configuration, the FPGA
application must contain an SPI bus master interface. Xilinx provides SPI interface cores, as
described below.

e For an application that already includes a MicroBlaze processor core, the Xilinx
Embedded Development Kit (EDK) includes an SPI interface that connects to the
MicroBlaze OPB bus. Depending on the options used, the SPI interface core uses
between 147 to 203 slices.

¢ OPB Serial Peripheral Interface Product Specification
www.xilinx.com/bvdocs/ipcenter/data_sheet/opb_spi.pdf

e  For general applications, the 8-bit PicoBlaze™ processor core offers an easy-to-use
solution that requires approximately 100 slices and a block RAM. Example design
solutions are available for the Spartan-3E FPGA Starter Kit board.
¢ PicoBlaze STMicro SPI Flash Programmer

www.xilinx.com/products/boards/s3estarter /reference_designs.htmi#picoblaze_spi_flash_programmer
¢ PicoBlaze SPI-based D/A Converter Controller

www.xilinx.com/products/boards/s3estarter/reference_designs.htm#picoblaze_dac_control
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Accessing SPI Flash PROM

SPI Flash PROMs are available in densities ranging from 1 Mbit up to 128 Mbits. However,
a single Spartan-3A/3E FPGA requires less than 6 Mbits. A Spartan-3A DSP FPGA
requires a little more than 11 Mbits. If desired, use a larger SPI Flash PROM to contain
additional nonvolatile application data, such as MicroBlaze processor code, or other user
data such as serial numbers and Ethernet MAC IDs. In the example shown in Figure 4-5,
the FPGA configures from SPI Flash PROM. Then using FPGA logic after configuration,
the FPGA copies MicroBlaze code from SPI Flash into external DDR SDRAM for code
execution. Similarly, the FPGA application can store nonvolatile application data within
the SPI Flash PROM.

The FPGA configuration image, or initial configuration image for a Spartan-3A/3AN/3A
DSP MultiBoot application, is always stored at starting address 0. Store any additional data
beginning in the next available SPI Flash PROM sector or page. Do not mix configuration
data and user data in the same sector or page.

After configuration, the FPGA application can exploit any special features of the attached
SPI serial Flash PROM. For example, the Atmel AT45DB-series PROMs support a slightly-
modified serial interface called Rapid-S. The FPGA cannot configure using this mode but
after configuration, the FPGA application can use Rapid-S to increase overall data
throughput. Similarly, the NexFlash/Winbond W25X-series PROMs support a feature
called Dual-Output SPI that transmits two data bits per clock cycle but requires a special
read command. The FPGA does not support this command for configuration, but the
FPGA application can issue the command after configuration.

Accessing other SPI-compatible Peripherals

Similarly, the SPI bus can be expanded to additional SPI peripherals. Because SPl is a
common industry-standard interface, various SPI-based peripherals are available, such as
analog-to-digital (A /D) converters, digital-to-analog (D/A) converters, CAN controllers,
and temperature sensors.

The MOSI, DIN, and CCLK pins are common to all SPI peripherals. Connect the select
input on each additional SPI peripheral to one of the FPGA user I/O pins. If HSWAP or
PUDC_B = 0 during configuration, the FPGA holds the select line High. If HSWAP or
PUDC_B =1, connect the select line to +3.3V via an external 4.7 kQ pull-up resistor to
avoid spurious read or write operations. After configuration, drive the select line Low to
select the desired SPI peripheral.

During the configuration process, CCLK is controlled by the FPGA and limited to the
frequencies generated by the FPGA. After configuration, the FPGA application can use
other clock signals to drive the CCLK pin and can further optimize SPI-based
communication.

Caution! Avoid excessive loading on the CCLK pin. Excessive loading will degrade the signal
integrity on this crucial signal. Use the recommended design practices described in “CCLK
Design Considerations,” page 54.

Refer to the individual SPI peripheral data sheet for specific interface and communication
protocol requirements.

Caution! Although many devices claim to have an SPI interface, the timing and even signal
polarity vary between devices and between vendors. Check the data sheet for the specific device
to determine compatibility.

112 www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

SXILINX®

Daisy-Chained Configuration

Daisy-Chained Configuration

If the application requires multiple FPGAs with different configurations, then configure
the FPGAs using a daisy chain, as shown in Figure 4-6, page 113. Use SPI Flash mode
(M[2:0] = <0:0:1>) for the FPGA connected to the SPI PROM and Slave Serial mode
(M[2:0] = <1:1:1>) for all other FPGAs in the daisy chain. After the master FPGA—the
FPGA on the left in the diagram—finishes loading its configuration data from the SPI Flash
PROM, the master FPGA supplies data to the next FPGA in the daisy chain via the DOUT
output pin, clocked on the falling CCLK edge.

Also, to successfully configure a daisy chain, the GTS_cycle bitstream option must be set to
a Startup phase after the DONE_cycle setting for all FPGAs in the chain. This is the
software default setting. Optionally, set GTS_cycle:Done.

The 0-ohm resistors at the output of each FPGA’s INIT_B and DONE pin is recommended
for debugging purposes. Should there be a configuration error, the FPGAs can be
individually isolated. The jumper on the master FPGA’s DONE pin is recommended for
future in-system programming support as well as for debugging purposes.

The pull-up resistors shown in gray are optional, but should be provided in the board
design. The resistors themselves do not need to be stuffed during board manufacturing. As
described in Table 2-13, page 61, the dedicated pull-up resistors on Spartan-3 generation
FPGAs are sufficiently strong to pull-up the corresponding signal pin. The Thevenin
termination resistors on CCLK are also optional, but also recommended in the board
design.

>
‘00T o
SPI Serial + + + + + +
Flash PROM M2 M1 MO M2 M1 MO
C |« CCLK L »lcclk
Q}l—»|DIN DOUT — »|DIN DOUT ——
D |«——{ MOsI
sSpbe—|csoB INITB INIT B|——9———»
PROG B DONE —»| PROG_ B DONE
Master FPGA Eg Slave FPGA %gi:
. >
PROGRAM —+

UG332_c4_20_111906

Figure 4-6: Daisy Chaining from SPI Flash Mode

Caution! SPI mode daisy chains are supported for Spartan-3E FPGAs only in Stepping 1
silicon versions. SPI mode daisy chains are supported on all Spartan-3E Automotive grade
devices, which are all based on Stepping 1 silicon, and all Spartan-3A/3AN/3A DSP FPGA
versions.
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Ganged or Broadside Configuration

“Daisy-Chained Configuration” is designed to load multiple FPGAs, each with a different
design and typically of different array size. However, some applications include multiple,
identical FPGAs, all programmed with the same bitstream. Instead of daisy chaining the
FPGAs and storing multiple copies of the same bitstream, “Ganged or Broadside
Configuration” supports programming multiple, identical FPGAs with the same
bitstream.

‘0 ‘0" I

SPI Serial * * *

Flash PROM M2 M1 MO

. CCLK
DIN
< MOSI DOUT ————»
CSO B INIT B}W——

— »| PROG B DONE |HEE-
Master FPGA

wl oo o0
y

PROGRAM
Qo

YV Yy

M2 M1 MO

—— »| CCLK
| DIN DOUT >
INIT_B
+—»| PROG_B DONE
\) \) Slave FPGA

I%%

UG332_c4_21_111906

Figure 4-7: Multiple, Identical FPGAs Programmed with the Same Bitstream

Programming Support

In production applications, the SPI Flash PROM is usually preprogrammed before it is
mounted on the printed circuit board. The Xilinx ISE development software produces
industry-standard programming files that can be used with third-party gang
programmers. Consult your specific SPI Flash vendor for recommended production
programming solutions.

There are multiple programming methods for the attached SPI memory as described
below.

Starting with ISE 9.1i, Service Pack 2 and later, the iMPACT programming software
supports two different methods to program an attached SPI Flash PROM, as summarized
in Table 4-12.

Using the Direct Programming Method, the programming cable communicates directly to
the SPI Flash PROM. The FPGA is not involved in the programming process and the FPGA
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1/0 pins that connect to the PROM must be in their high-impedance state (Hi-Z) during
programming. Hold the FPGA’s PROG_B input Low to place the I/Os in Hi-Z; the FPGA’s
DONE pin remains Low.

Using the Indirect Programming Method, the programming cable connects to the FPGA’s
JTAG port. The iMPACT software first programs the FPGA with a special design that
performs the actual SPI PROM programming and uses the JTAG interface as a serial
communications port. During the process, the FPGA’s DONE output is High because the
FPGA is configured with the programming application. All pins that are not connected to
the SPI Flash PROM or the JTAG interface have an internal pull-up resistor to the VCCO
voltage supply associated with the pin.

For the Spartan-3AN family, iIMPACT supports programming of the internal Flash and
does not support indirect programming of external Flash.

Table 4-12: Summary of SPI Flash PROM Programming Options

Direct Method Indirect Method

“Direct SPI Programming “Indirect SPI Programming

Detailed Instructions using iMPACT,” page 125 | using iMPACT,” page 128

ISE 9.1i, Service Pack 2 or
later for Spartan-3A /3A DSP

ISE Version Required ISE 9.1i or later FPGAs; ISE 10.1 for
Spartan-3E FPGAs
Interface/Cable Connection Directly to SPI PROM FPGA’s JTAG Port
. . High
DONE Pin Status during Low (FPGA is configured with
Programming . . .
special programming design)
Required PROG_B Control PROG_B = Low N/A
Status of non-SPI Pins High-impedance because Pulled ngh Usthg mte.rnal
during Programming PROG B = Low pull-up resistor to associated
- VCCO supply input

Third-Party Programmer (Off-board Programming)

Off-board programming, before board assembly, using a third party programmer is likely
the preferred method for high-volume production. Most Xilinx distributors offer
programming services or can arrange for such services. Check the PROM vendor’s web
site for a list of approved and qualified third-party device programmers. See “Preparing an
SPI PROM File,” page 120 to properly format the programming file.
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Direct, SPI In-System Programming

For systems requiring in-system programming support, there are different options for
production and prototyping phases. For production programming, some third party
PROM programmers utilize a socket adapter with attached wires to program the SPI flash
memory in-system. For prototype programming, the Xilinx iMPACT software provides
direct, in-system programming support for limited set of STMicro (Numonyx) and Atmel
SPI Flash memories.

Requirements for IMPACT Direct Programming Support

The following are required to successfully perform in-system programing on the attached
SPI serial Flash PROM.
e A Xilinx programming cable
¢+ Platform Cable USB
http:/ /www.xilinx.com/products/devkits/HW-USB-G.htm
¢ Parallel Cable IV
http:/ /www.xilinx.com /products/devkits/HW-PC4.htm

¢ MultiPRO Desktop Tool
http: / /www.xilinx.com/products/devkits/HW-MULTIPRO.htm

e A compatible cable connector on-board

e Properly installed Xilinx ISE 8.2i software (or later)

Programmable Cable Connections

All modern Xilinx programming cables use a standard 14-pin ribbon cable and associated
socket. The socket connections appear in Figure 4-1, page 96 and Figure 4-2, page 97, along
with a detail pinout table in Table 4-13. The mechanical dimensions are provided in
Figure 9-6, page 201 and vendor part numbers provided in Table 9-7, page 201.

As shown in Table 4-13, one side of the socket connects entirely to GND for better signal
integrity. The other side of the cable includes the Vigg voltage connection and the four SPI
Flash control signals. When used for SPI programming, the programming cable behaves as
an SPI Master, controlling all transactions on the SPI bus.
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Table 4-13: Xilinx Download Header Signal Description for In-System SPI Flash PROM Programming

Socket Pin “Flying Lead”
Signal (top view) Direction Signal Connections to SPI PROM, System Label/
P Wire Color(@)
VRgeg: Connect to 3.3V (VCCO_2), which is common to the VREF
GND < FPGA and SPI PROM. The voltage reference must be
regulated and must not have a current limiting series resistor. (red)
SPI Slave Select: Connect to the SPI PROM'’s Slave Select TMS/PROG
GND 4 > input.
(green)
SPI Clock: Connect to the SPI PROM’s Slave Clock input. TCK/CCLK
GND 6 >
(yellow)
SPI Master Input/Slave Output: Connect to the SPI PROM’s
GND 8 < Slave Data Output.
SPI Master Output /Slave Input: Connect to the SPI PROM’s TDI/DIN
GND 9 10 > Slave Data Input. .
(white)
Reserved. Do not connect.
GND 12 - -
D.N.C. Do not connect. Although the cable leads label this as
GND 14 <> INIT, do not connect it to the FPGA’s INIT_B pin.

Notes:
1. The “Flying Lead” adapter is only required if using stake pins instead of the recommended 14-pin socket.

The specified surface-mount cable connector requires only 0.162 square inches of board
space. The Xilinx iMPACT programming solution is only qualified for system prototyping
so the socket can be removed from the production bill of materials to save cost.

Alternatively, the Xilinx programming cables optionally support “flying leads” that push
on to standard 0.1-inch stake pins. However the ribbon cable and associated socket have
superior signal integrity and provide fast programming speeds. Also ensure that the
programming cable leads are connected correctly. The SPI programming capability is new
for the Xilinx programming cables and existing cables may have different signal labels, as
indicated in Table 4-13.

Forcing FPGA SPI Bus Pins to High-impedance During Programming

Because the programming cable acts as an SPI bus Master, the FPGA’s SPI pins must be
floating, or high-impedance (Hi-Z). This requirement also applies for third party
programmers that directly program the SPI Flash PROM. Ensure that the FPGA MOSI,
DIN, CSO_B, and CCLK pins are all high impedance (floating, Hi-Z), allowing the
programmer to have full and direct control over the SPI PROM. There are three different
methods to place the FPGA SPI signals in high-impedance, listed below.
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Option1 Hold the FPGA's PROG_B pin Low throughout the programming process. The
FPGA is unconfigured during the programming process and automatically
loads the new SPI Flash PROM image when PROG_B is released High.

Option2  Change the FPGA's mode pins to JTAG mode (M[2:0] = <1:0:1>) and pulse the
FPGA’s PROG_B pin. Do not perform any JTAG operations. Al FPGA 1/0 pins
are forced to their high-impedance state. The FPGA is unconfigured during the
programming process. The FPGA’s M[2:0] pins must be returned to the SPI
Flash setting and PROG_B pin must be pulsed Low before the FPGA reloads the
new SPI Flash PROM image.

Option 3  Within a functioning FPGA application, use an internal control signal that
three-states the MOSI, DIN, CCLK, and CSO_B pins. The FPGA remains
configured with the current configuration. Pulse the PROG_B pin Low or,
on Spartan-3A/3AN/3A DSP FPGAs, issue a MultiBoot reconfiguration
operation with a start address of zero.

If using Option 1 or Option 2, be aware that pull-up resistors to VCCO_2 are enabled on the
FPGA'’s SPI pins if the FPGA's HSWAP or PUDC_B pin is Low. Using Option 3, the FPGA’s
SPI pins are fully controlled by the FPGA application.

Direct, In-system SPI Programming Using FPGA as Intermediary

This method is typically used to update the SPI serial Flash, using the FPGA as the actual
programmer. The advantage is that the FPGA’s flexibility allows the FPGA to connect to
practically any digital interface to receive the programming data. The FPGA-based
“programmer” can be included as part of the application or, alternatively, downloaded
temporarily into the FPGA using the FPGA'’s JTAG interface.

The Spartan-3E FPGA Starter Kit includes a design example that programs the attached
STMicro (Numonyx) M25P16 SPI Flash using an RS-232 connection to a PC or workstation.

¢ PicoBlaze RS-232 to STMicro SPI Flash Programmer
www.xilinx.com /products/boards/s3estarter /reference_designs.htm
#picoblaze_spi_flash_programmer

The Spartan-3A FPGA Starter Kit includes a design example that programs the attached
Atmel AT45DB161D DataFlash PROM using an RS-232 connection to a PC or workstation.

¢ PicoBlaze RS-232 to Atmel DataFlash Programmer
www.xilinx.com/products/boards/s3astarter /reference_designs.htm
#atmel_spi_flash_programmer

Indirect, In-System SPI Programming Using FPGA JTAG Chain

The FPGA has JTAG test capabilities which include the standard PRELOAD and EXTEST
commands. When using these commands, it is possible to drive and sample the pins of the
FPGA with the JTAG chain and thereby stimulate the pins of the SPI memory via the
associated FPGA pins and the traces routed on the PCB. This method, shown in Figure 4-8,
is supported by many third-party JTAG tool vendors. However, this method is often much
slower than the “Direct, SPI In-System Programming” technique.
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Figure 4-8: Using FPGA’s JTAG Test Chain to Program Attached SPI Flash

The advantage to this approach is that it requires minimal wiring for in-system
programming and that the SPI Flash PROM can be programmed during other JTAG-based
board test operations.

For easier development, Xilinx recommends including the JTAG programming cable
socket shown in Figure 4-1, page 96 and Figure 4-2, page 97. The FPGA configuration can
be downloaded directly into the FPGA for development purposes without requiring that
the SPI Flash PROM be programmed.

For more information on the JTAG interface, see Chapter 9, “JTAG Configuration Mode
and Boundary-Scan,”especially “Programming Cables and Headers,” page 201.

Generating the Bitstream for a Master SPI Configuration

To create the FPGA bitstream for a Master SPI configuration, follow the steps outlined in
“Setting Bitstream Options, Generating an FPGA Bitstream,” page 39. For an FPGA
configured in Master SPI mode, set the following bitstream generator options.

ConfigRate: CCLK Frequency

Set the ConfigRate option as described in “CCLK Frequency,” page 108. Using ISE Project
Navigator, the Configuration Rate frequency is set in Step 7 in Figure 1-7, page 41.

-g ConfigRate: 12

StartupClk: CCLK

By default, the configuration Startup clock source is the internally generated CCLK. Keep
the StartupClk bitstream generation option, shown as Step 13 in Figure 1-8, page 42.

-g Startupd k: Ccl k

DriveDone: Actively Drive DONE Pin

In a single FPGA design or for the Master FPGA in a multi-FPGA daisy chain, set the FPGA
to actively drive the DONE pin after successfully completing the configuration process.
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Using ISE Project Navigator, check the Drive Done Pin High option, shown as Step 16 in
Figure 1-8, page 42.

-g DriveDone: Yes

DONE_cycle: Daisy Chains with Spartan-3E Master

If a Spartan-3E FPGA is the Master FPGA in an SPI-based daisy chain, ensure that
DONE_cycle is set for cycle 5 or earlier. From ISE Project Navigator, the DONE_cycle
setting is the Done (Output Events) option, shown as Step 14 in Figure 1-8, page 42.

-g DONE_cycle: 4

GTS_cycle: Global Three-State Release Timing for Daisy Chains

If creating a multi-FPGA daisy chain, set the GTS_cycle option to be later than the
DONE_cycle setting, which is the default setting for both. Alternatively, set
GTS_cycle:Done. From ISE Project Navigator, the GTS_cycle setting is the Enable Outputs
(Output Events) option, shown as Step 14 in Figure 1-8, page 42.

Preparing an SPI PROM File

This section provides guidelines to create PROM files for SPI Flash memories.

The Xilinx software tools, “iMPACT” or “PROMGen”, generate SPI-formatted PROM files
from the FPGA bitstream or bitstreams. SPI Flash memory devices serially output data
bytes with the most-significant bit (msb) first while Xilinx PROMs output data least-
significant bit (Isb) first. Consequently, a PROM file formatted for an SPI Flash memory
device is bit-reversed within each byte, directly opposite from the bit ordering for a
standard Xilinx PROM file. When using PROMGen, the - Spi option is required for proper
formatting.

IMPACT

The following steps graphically describe how to create an SPI-formatted PROM file using
iMPACT from within the ISE Project Navigator. To create a Spartan-3A /3A DSP MultiBoot
image for an SPI Flash memory, see “Generating a Spartan-3A /3AN/3A DSP MultiBoot
PROM Image using iMPACT,” page 270.

1. From within the ISE Project Navigator, double-click Generate PROM, ACE, or JTAG
File from within the Process pane, as shown in Figure 4-9.

Processes: \ al
EI f]OGenerate Programming File \]/
i [ A Praararnrning File Seneration Prfnrt

4| | b

E'—I: Proceszes |

UG332_c4_10_110206

Figure 4-9: Double-click Generate PROM, ACE or JTAG File
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2. Asshown in Figure 4-10, select Prepare a PROM File.

AEIMPALCT - Welcome to iIMPACT
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SWF -
= Configure devices
uzing Slave Senal mode \3/ él
< Back Next > | .................. I: ann:el ..................

UG332_c4_11_19

Figure 4-10: Prepare a PROM File

3. Click Next.

As shown in Figure 4-11, format the FPGA bitstream or bitstreams for a 3rd-Party SPI
PROM. This option automatically invokes the - spi option for generating the PROM
file.
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Figure 4-11: Set Options for a 3rd-Party SPI PROM

5. Select a PROM File Format.
6. Enter a PROM File Name.
7. Click Next.

8.

As shown in Figure 4-12, select the SPI PROM Density of the targeted device,
measured in bits.

HIZIMPALT - Specify SPI PROM Device

[T Auto Select PROM Density E

. Back _, ......... NEHt} .......... - I:ar":e| |

UG332_c4_13_110206
Figure 4-12: Select SPI PROM Density

9. Click Next.

10. As shown in Figure 4-13, review that the settings are correct to format the SPI PROM.
Click Finish to confirm the settings or Back to change the settings.

122 www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

ST XILINX® Preparing an SPI PROM File

1ZIMPALT - File Generation Summary
You have entered following infarmation:
PROM Type: SPI PROk
File Format mcs
Fill * alue FF
PROM filename kS FIFlazkPROM
Mumber of PROMz 1
| 0 16
Click “Finizh" to ztart adding device files. i ]_(y
< Back Finish cancel

UG332_c4_14_111906
Figure 4-13: Review PROM Formatting Settings

11. As shown in Figure 4-14, click OK to start adding FPGA configuration bitstreams to
the PROM image.
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g
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Figure 4-14: Add FPGA Configuration Bitstream File(s)

12. Locate and select the desired FPGA bitstream.
13. Click Open.

14. As shown in Figure 4-15, the iIMPACT software graphically displays the SPI PROM
and associated FPGA bitstream(s).
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S5 IMPACT - ChData'\my_designs', CRC_Checker', default.ipf - [PROM File Formatter]
Eﬁ Fil= Edit Wiew Operations Options Output Debug Window  Help

I E| % BB X2 2% a8 {3: %%ml:&[k?
x|

o S pr— i) 4
~ aalSlaveSerial i PROM E XN E

- I SelectMAP 1EM o S

- aalDeskiop Configu.. = || 0.36 % Ful o e
""E'_%]Direc:t SFI Ennfig...ll \etl crazy i \/

MPACT Modes

\1\% PROM File Generation Succeeded

Iﬂu:-il:-l'-l-: M =bimee e

Generate File. ..

UG332_c4_06_110206

Figure 4-15: Generate PROM File

15. Click Generate File.
16. The iMPACT software indicates when the PROM file is successfully created.

PROMGen

PROMGen is a command-line utility that provides an alternate means to create an SPI
PROM programming file. PROMGen can be invoked from within a command window or
from within a script file.

Table 4-14 shows the relevant options for SPI Flash PROM formatting.

Table 4-14: PROM Generator Command Options
PROMGen Option Description

—spi REQUIRED FOR SPI FLASH PROMs! Specifies the correct bit
p ordering required to configure from an SPI Flash memory device.

PROM output file format. Specifies the file format required by the SPI
-p <format> programming software. Refer to the third party programmer
documentation for details.

Specifies the PROM size in kilobytes. The PROM size must be a power

S <swe> of 2, and the default setting is 64 kilobytes.

Loads the . bi t file from the specified starting address in an upward
-u <address> direction. This option must be specified immediately before the input
bitstream file.

The example PROMGen command, provided below, generates an SPI-formatted PROM
file with the following characteristics.

e Formatted for an SPI Flash PROM by specifying the - spi option.
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e Formatted using the Intel MCS format by specifying the - p nts option. The output
filename is specified by the - 0 <pr ondat a>. nts option, where <pr ondat a> is a
user-specified file name.

e Formatted for a 16Mbit SPI PROM by specifying the - s 2048 option. PROMGen
specifies sizes in Kbytes.

e The specified FPGA bitstream is loaded in the upward direction, starting at address 0
by specifying the - u 0 option.

e The FPGA bitstream to be formatted for the PROM is specified as the last option,
<inputfile>. bit,where<inputfil e>isthe user-specified file name used when
generating the FPGA bitstream.

prongen -spi -p nts -0 <prondata>.nts -s 2048 -u O <inputfile>. bit

Direct SPI Programming using iMPACT

Starting with version 8.2i, the IMPACT programming software supports direct, in-system
programming for SPI serial Flash PROMs. The SPI Flash memory devices that are tested
and supported is indicated under the “Xilinx iMPACT Support” column in Table 4-3,
page 99.

Prepare Board for Programming
Before attempting to program the SPI PROM, complete the following steps.

1. Ensure that the board is powered.

2. Ensure that the FPGA pins that connect to the SPI Flash are high-impedance (Hi-Z).
See “Forcing FPGA SPI Bus Pins to High-impedance During Programming,” page 117.

3. Ensure that the programming cable is properly connected both the board and to the
computer or workstation. See “Programmable Cable Connections,” page 116.

Programming via iMPACT

The following steps describe how to program the SPI PROM using the iMPACT software
and a Xilinx programming cable.

1. Click Direct SPI Configuration from within iMPACT, as shown in Figure 4-16.

MU IMPALT - C:/Data/my_designs /led_crazy/led_crazy_700a.ipf - [Direct 5P
gFile Edit Wiews Operations Options Output Debug  Window  Help

IXH| ¥ BB X| 2% s

=
0dd SPI Device,..  Ckrl4+D
B nday Scan &) fdd SPT Dievi HHC
~ IS laveSengl iZable Auto Conneck 5
~ B S electhAP Cable Setup. . \/

~ TN ezkton MontMu,.. =
- SalDirect SPI Config.. |

MPACT Modes

Right click to Add Device or [dentifiy Device

UG332_c4_03_101006

Figure 4-16: iMPACT Supports Direct Programming for SPI Serial Flash Memories.
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2. Right-click in the area indicated.
3. Select Add SPI Device.
4. Select a previously-formatted PROM file, as shown in Figure 4-17.

Add Device EE3
Look in: Ilﬂ led_crazy j = 5 ER-

_hgo
Fg_xmsgs \4/
st
TFlashPR.OM, mcs \5/

File name: IM_I,ISF'IFIashF'FiEIM.mcs j Open

Files of type: I.ff-.ll Desigh Files [*.mcs * exa) j Cancel |
v

UG332_c4_04_101006

Figure 4-17: Select a Previously-formatted PROM File

5. Click Open.
6. Select the Part Name for a supported SPI serial Flash, as shown in Figure 4-18.

HiSelect Device Part Mame
Select PROKM
Part Mame: x7 / |M25P1E =]
____________________________ oK Cancel | Help

UG332_c4_05_101006
Figure 4-18: Select a Supported SPI Flash Memory Device.

7. Click OK.
8. The iMPACT software displays the selected SPI Flash PROM, as shown in Figure 4-19.

126 www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

XX"JNX@ Direct SPI Programming using iMPACT

iMPALT - C:/Data/my_designs/led_crazy/led_crazy_700a.ipf - [Direct
ZL File Edit View Operations Options Cutput Debug Window Help

IFPE D BX[e2xiint: 2aplek

]

~galBoundary Scan = SCLK
~EHSlaveSenal

IS electidaP

MO

T8 Desktop Canfigu... =
- gallirect SPI Config...
_— —I 55N

iMPACT Modes ~ m23p1B

myspiflashprom...
\ 9 j M=

LA zilabla Mrarabone /s
Il Program Succeeded

e erify
e Eraze

= Blank Check: 14
= Feadback

UG332_c4_06_101006
Figure 4-19: Directly Program Supported SPI Flash PROM.

9. Click Program.
Note: Step 14 occurs later.
10. Click the Programming Properties option under Category, as shown in Figure 4-20.

=L Programming Properties

Category

10

- Advanced PRUM Frogramring Froperties
- Revision Properties

[v “erify
General CPLD And PROM Properties
12 [+ Eraze Before Programming [~ Fead Protect
[T PROM/CoclFurmerl Usercode [8 Hex Digits] |_
\\13//
0k Cancel | Apply | Help |

4

UG332_c4_07_101006

Figure 4-20: SPI PROM Programming Options

11. Check Verify. Unchecking Verify reduces programming time but the iMPACT software
can only guarantee correct programming for a verified PROM.
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12. Check Erase Before Programming. Unchecking the Erase option reduces
programming time. However, Xilinx recommends erasing the PROM when
downloading a new FPGA bitstream.

13. Click OK.

14. The iMPACT software indicates successful programming, as shown in Figure 4-19.

Indirect SPI Programming using iMPACT

Indirect programming support is available starting with Xilinx ISE 9.1i, Service Pack 2 and
later releases for the Spartan-3A and Spartan-3A DSP FPGAs. The Spartan-3E FPGAs are
supported starting with the ISE 10.1 release. iMPACT supports programming of the
internal Flash in Spartan-3AN FPGAs. In Indirect mode, the iMPACT software programs
the memory attached to the FPGA through the FPGA’s JTAG port. For details, see the
following application note:

¢ XAPP974: Indirect Programming of SPI Flash Serial PROMs with Spartan-3A
FPGAs
http:/ /www.xilinx.com/support/documentation/application_notes/xapp974.pdf

During the programming process, the FPGA is configured with a special programming
application. Consequently, the FPGA’s DONE pin will go High during the programming
process.

Programming Setup

To program the attached and selected SPI PROM using the Indirect method, configure the
board as described below.

1. Disconnect power to the board.

2. Set the FPGA mode select pins for Master SPI mode.

3. Connect the JTAG programming cable to the FPGA’s JTAG port.
4. Re-apply power to the board.

Using IMPACT

To program the attached and selected SPI PROM using the iMPACT software and the
Indirect programming method, follow the steps outlined below. This specific example uses
the Spartan-3A FPGA Starter Kit board, which has an XC35700A FPGA connected to an
XCF04S Platform Flash PROM on the JTAG chain.

1. Invoke iMPACT and select Configure devices using Boundary Scan (JTAG), as
shown in Figure 4-21.
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E iMPALCT - Welcome to iIMPACT

1 leaze select an action from the lizt below
{+ Configure devices using Boundany-Scan [JTAG]

I Automatically connect to a cable and identify B oundary-5can chain j
i~ Prepare a PROM File
i~ Prepare a System ACE File

i~ Prepare a Boundam-Scan File

SWF =
i~ Configure devices
I uzing Slave Serial mode ;I
\\ 2 //
< Back | | Firigh I Cancel |

UG332_c4_22_032807
Figure 4-21: Indirect Programming Method Uses JTAG

2. Select Finish.

3. Select the FPGA bitstream file (*.bit) to be programmed into the FPGA, as shown in
Figure 4-22. This step is superfluous but required for iMPACT 9.1i. This step is
eliminated as of iMPACT 9.2i. This file is not the special FPGA-based SPI
programming application.

&+ Assign New Configuration File

Loak ir: I_1]I::HData.-’mj,l_designsfswitches_leds.-’ ;I - s lﬁﬁ

[ I templates
) _ngo Tisst 3
|2y _#mzgs \5

v

File narme: |t|:||:u_le'-.feI.I:|it Open
File type: I Al Dezign Files [*.bit *.rbt * nky “isc " bad) ;I Cancel |

\4/ ~ Hone Cancel Al | Bypazs

% Enable Programrming of SPI Flash Device Attached ta this FPGS
= Enable Programming of BRI Flash Device Attached ta this FPGA

&

UG332_c4_23_032807

Figure 4-22: Select the FPGA Bitstream File and Enable SPI Programming
4. Select Enable Programming of SPI Flash Device Attached to this FPGA.
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5. Click Open.

6. The iMPACT software warns that it changed the Startup clock source over to the JTAG
clock pin, TCK. The SPI Flash image is not affected. This warning is safely ignored.

'E Warning |

W AR MIMNG: IMPACT: 2257 - Startup Clock has been changed to ‘JtagClk! in the bitstream stored in memary,
bk the ariginal bitstream file remains unchanged,

UG332_c4_24_032807

Figure 4-23: iMPACT Uses the JTAG Clock Input TCK for Startup Clock when Programming via JTAG

7. Asshown in Figure 4-24, select the programming file for the attached SPI Flash PROM.

Add PROM File Ed

Lok ir: I_,'ll switches_leds j = gl EEE

I_PROM, rru:

' \8/

File name: IM_I,I_STMi::rD_SF'I_F'FEEIM.mCS j \t Open

Files of type: IMI:S Files [F.mes) j Cancel |
7

UG332 c4 26 032907

Figure 4-24: Select the SPI PROM Programming Flle

8. Click Open.
9. Select the part number for the attached SPI Flash PROM, as shown in Figure 4-25.

i select Device Part Mame
Select PROM
Part Mame: Q(y |M25P1E =]
____________________________ Ok Cancel | Help

UG332_c4_27_032907

Figure 4-25: Select SPI Flash PROM Type

10. Click OK.

11. Select Bypass when prompted for the Platform Flash PROM programming file, as
shown in Figure 4-26.
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£ Assign New Configuration File
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A | -

Filz narne; ||
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* Maone Cancel Al | Bypazs \]'y

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

i~ Enable Programming of BPI Flash Device Attached to thiz FPGA
A

UG332_c4_28_032907

Figure 4-26: Bypass the Platform Flash PROM

12. As shown in Figure 4-27, the iMPACT software then displays the JTAG chain for the
XC3S700A Spartan-3A FPGA followed by the XCF04S Platform Flash PROM. Click to

highlight the FLASH memory attached to the XC3S700A FPGA. This action enables
the command options shown in Step 13.

E iMPALT - C:\Data'my_designs'switches_leds'default.ipf - [Boundary Scan

1;- File Edit Wiew Operations Output Debug Window  Help

IFE &3 B X

x|
#H-THBoundary Scan
- T8 S laveS erial R
----'EE]SelectM.ﬁ.F' TOI —:: BN : | E bl o E
~ el eskiop Configuration ] j | 1 i
~aallirect 5P Configurati... T T
@ SystemaCE ®o3s700a wcflds
@ FROM File Formatter top_level bit hypass
TOOD 18
bodes
/ }
13/ 2l
ailable Ooerationg are: |

i==b Program
| = venty |

UG332_c4_25_032907
Figure 4-27: iMPACT Presents JTAG Chain, Shows Attached Flash PROM
13. Double-click Program.
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=L Programming Properties

Category

E

tFrogramming Properties
i Advanced FHUM Frogramming Froperties

Note: Step 18 occurs later.

14. Click the Programming Properties option under Category, as shown in Figure 4-28.

14

Revizion Properties

[v “erify

General CPLD And PROM Properties
W [+ Eraze Before Programming [~ Fead Protect

[T PROM/CoolRunnerl Weercode [8/Hex Digits] I

\ 17 /
0k, \éncel | Apply | Help |

Ve

UG332_c4_29_032907

Figure 4-28: SPI PROM Programming Options

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

can only guarantee correct programming for a verified PROM.

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

downloading a new FPGA bitstream.
Click OK.

The iMPACT software indicates successful programming, as shown in Figure 4-28. The
FPGA is configured with the new programming file.

17.
18.

Serial Peripheral Interface (SPI) Configuration Timing

Figure 4-29 provides example waveforms for Master SPI configuration. The following
items correspond to the numbered markers in Figure 4-29. The symbols for the FPGA
timing parameters are listed in Table 4-15. The required SPI Flash PROM timing and the
dependencies on FPGA timing is provided in Table 4-16, page 135.
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PROG_B coe
(Input)
PUDC B 3
HS(WAP) HSWAP or PUDC_B must be stable before INIT_B goes High and constant throughout the configuration process.
Input
VS[2:0]

(Input) Mode input pins M[2:0] and variant select input pins VS[2:0] are sampled when INIT_B
goes High. After this point, input values do not matter until DONE goes High, at which
point these pins become user-1/0 pins.

M[2:0]

(Input)
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ooe New ConfigRate active
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MCCLL ' MCCH1 | Teok AN (:_TMCCHn

(Open-Drain)

DIN

-------------------------------------------------------------- Ladd ----S< Data x Data Data
(Input)
Tess
CSO_B ---------------------------- 'l o00
ijf
cho*‘—" ! :
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MOSI -----qe " -mmmmmmmmmmmo oo \ (msb) ( (msb-1) X °° .
4
Tpsy >+ T DH
Pin initially pulled High by internal pull-up resistor if HSWAP or PUDC_B input is Low.
Pin initially high-impedance (Hi-Z) if HSWAP input is High. External pull-up resistor required on CSO_B.
Shaded values indicate specifications on attached SPI Flash PROM. UG332_c4_17_110206

Figure 4-29: Waveforms for Serial Peripheral Interface (SPI) Configuration

1. The FPGA powers on, releasing the internal Power-On Reset (POR) circuit or the
PROG_B input returns High.

2. The FPGA begins clearing its internal configuration memory. The FPGA actively
drives the INIT_B output Low.

3. Ensure that HSWAP or PUDC_B is at a stable logic level throughout the configuration
process. The value on this input pin defines whether pull-up resistors are enabled
during configuration. Some applications may depend on the pull-up resistors to define
the VS[2:0] variant-select pins and to hold CSO_B High before the FPGA actively
drives it Low.

4. The VS5[2:0] variant-select pins must be defined and stable before the INIT_B pin

returns High. The value on VS[2:0] defines the specific read command that the FPGA
issues to the SPI serial PROM. See Table 4-2, page 99.

5. The M[2:0] mode-select pins must be defined for Master SPI mode (<0:0:1>) and stable
before the INIT_B pin returns High.
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10.

11.

After the FPGA completes clearing the internal configuration memory, the FPGA
release the INIT_B pin, allowing it to float High via the dedicated internal pull-up
resistor to VCCO_2.

After the INIT_B pin returns High, the FPGA begins toggling the CCLK output, which
controls all the configuration timing. The CCLK output initially starts at its lowest,
default frequency, approximately 1 MHz.

The SPI Flash requires a High-to-Low transition on the CSO_B output. The FPGA
actively drives the CSO_B output High for one CCLK cycle before asserting the CSO_B
pin Low. This begins the SPI bus transaction.

Based on the VS[2:0] pin values sampled when INIT_B pin returned High, the FPGA
begins issuing a SPI Flash read command. The FPGA sends the command, most-
significant bit first. The FPGA subsequently sends a 24-bit address, all zeros, and the
appropriate number of dummy bits, also zero, for the select Flash memory. The FPGA
clocks out the command, address, and dummy bits on the MOSI output, clocked on the
falling edge of CCLK.

Within the first 384 bits of the configuration bitstream, the FPGA loads the ConfigRate
setting for the remainder of the configuration process. The ConfigRate setting defines
the CCLK frequency. All interface timing must be evaluated for the specific setting. See
“CCLK Frequency,” page 108 and “ConfigRate: CCLK Frequency,” page 119.

The SPI Flash PROM provides data on the falling edge of CCLK. This PROM data must
be valid and setup on the FPGA’s DIN serial data input before next rising edge of
CCLK.

Table 4-15 lists the various FPGA timing parameters associated with the SPI configuration
interface.

Table 4-15: FPGA Timing Symbols for Serial Peripheral Interface (SPI)
Configuration Mode

Symbol Description

Tecrxa Initial CCLK clock period

Tecrkn CCLK clock period after FPGA loads ConfigRate setting

TyINIT Setup time on the VS[2:0] variant-select pins and the M[2:0] mode-select pins
before the rising edge of INIT_B

Tecrkia Minimum CCLK Low time at the initial, default ConfigRate setting

TecLkLn Minimum CCLK Low time at the ConfigRate setting specified in the FPGA
bitstream.

TiNTTM Hold time on the VS[2:0] variant-select pins and the M[2:0] mode-select pins
before the rising edge of INIT_B

Teco MOSI output valid delay after CCLK falling clock edge

Tpcc Setup time on the DIN data input before CCLK rising clock edge

Teep Hold time on the DIN data input after CCLK rising clock edge

Table 4-16 shows the relationship between the SPI Flash PROM timing specifications and
the FPGA'’s configuration timing specifications. For example, the SPI Flash clock-to-output
time, TV, must be less than or equal the FPGA minimum CCLK Low time and the specified
ConfigRate setting, TCCLKLn, minus the FPGA’s setup time on the DIN input, TDCC. See
the TV parameter highlighted in Figure 4-29, page 133.
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All communication from the FPGA to the SPI Flash PROM, i.e., sending the read
command, address, and dummy bits, all occurs at the default CCLK ConfigRate setting,
which is the slowest setting in the Spartan-3E FPGAs, TCCLK1, which equates to
approximately 1 MHz. The Spartan-3A/3AN/3A DSP families default to 6 MHz.

Table 4-16: Configuration Timing Requirements for Attached SPI Serial Flash
Symbol Description Requirement Units
T SPI serial Flash PROM chip-select time ns
s P Tees< Tmecrr —Teco
T SPI serial Flash PROM data input setup time ns
PsU P P Tpsu< Tmecrr—Teco
Tpu SP1I serial Flash PROM data input hold time ns
Tpu= Tyccm
Ty SP1I serial Flash PROM data clock-to-output time ns
Ty< Tycern—Tpec
fcor fg | Maximum SPI serial Flash PROM clock frequency (also 1 MHz
depends on specific read command used) fC 2> T—
CCLKn(min)
Notes:

1. These requirements are for successful FPGA configuration in SPI mode, where the FPGA provides the CCLK frequency. The post-
configuration requirements may be different, depending on the application loaded into the FPGA and the resulting clock source.

2. Subtract additional printed circuit board routing delay as required by the application.

Multi-Package Layout

Most of the SPI PROM vendors have a multi-package migration scheme that allows a
design to migrate to larger or smaller memory densities.

The multi-package layout provides ...

¢ Density migration between smaller- and larger-density SPI Flash PROMs. Not all
SPI Flash memory densities are available in all packages. The SPI Flash migration
strategy follows nicely with the pinout migration provided by Xilinx FPGAs. Should
the application need more nonvolatile storage, there is always a convenient, upward
density migration path in the SPI Flash PROM, up to 128Mbits.

¢ Consistent configuration PROM layout when migrating between FPGA densities.
Within the Spartan-3A /3AN/3A DSP FPGA family and within the Spartan-3E FPGA
family, a particular FPGA package option spans different density levels while
maintaining footprint compatibility. The SPI Flash multi-package layout allows
comparable flexibility in the associated configuration PROM. Ship the optimally-sized
SPI Flash memory for the specific 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.
Likewise, multiple vendors support the STMicroelectronics (Numonyx) footprint.

An example package layout for the M25Pxx SPI serial Flash family, from the Spartan-3E

FPGA Starter Kit Board, is provided in Figure 4-30. The multi-package layout supports the
8-lead 8x6 mm MLP package, 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
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90°. The 16-pin SOIC package also has four pins at the center each side that do not connect
on the board. These pins must be left unconnected, i.e. floating.

< I
S 2
@) U)I OO
v
Pin 1:
Pin 1: I I I I 16-pin SOIC
8-pin SOIC ,‘—
8-|elad MLP o (Do not connect) [
N — VCC
2 HOLD
W C
GND D
(Do not connect)
¥ ) wle
519
U UG230_c15_18_030606

Figure 4-30: Multi-Package Layout for the M25Pxx Family on Spartan-3E Starter Kit

Saving Power

Most SPI Flash memories support multiple power-saving options. The simplest and most
useful is the Standby Mode, which reduces power simply by de-selecting the SPI Flash
memory. Within the FPGA application, drive the CSO_B pin High.

Deassert CSO_B to Enter Standby Mode

The SPI Flash memory automatically enters Standby power mode when the memory’s
active-Low Slave Select line is deasserted High. After configuration or when not accessing
the SPI Flash, the application must drive the CSO_B pin High.
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Chapter 5

Master BPI Mode

Overview

The master Byte-wide Peripheral Interface (BPI) configuration mode is available for either
the Spartan®-3A /3AN/3A DSP and Spartan-3E FPGA families. It is not supported on the
Spartan-3 FPGA family although there is a similar mode that leverages Xilinx® Parallel
Platform Flash PROMs (see Chapter 6, “Master Parallel Mode”).

In BPI mode, a Spartan-3E or Spartan-3A /3AN/3A DSP FPGA configures itself from an

standard parallel NOR Flash PROM, as illustrated in Figure 5-1, page 138 for Spartan-3E
FPGAs and Figure 5-2, page 139 for Spartan-3A /3AN/3A DSP FPGAs. The figures show
optional components in gray and designated “NO LOAD”.

The BPI configuration interface is primarily designed to support standard parallel NOR
Flash PROMs and the interface supports both byte-wide (x8) and byte-wide/word-wide
(x8/x16) PROMs. In a pinch, the interface also functions with word-only (x16) PROMs, but
the upper byte in a portion of the PROM remains unused. For FPGA configuration, the BPI
interface does not require any specific Flash PROM features, such as a boot block or a
specific sector size.

The BPI interface also works equally well with other asynchronous memories that use a
similar SRAM-style interface such as the following, many of which have faster access
times.

e Xilinx Parallel Platform Flash PROMs (XCFxxP)
e SRAM

e NVRAM (non-volatile RAM)

¢ EEPROM

e EPROM

e Masked ROM

NAND Flash memory is a different technology and is commonly used in memory cards for
digital cameras. Spartan-3A/3AN/3A DSP and Spartan-3E FPGAs do not configure
directly from NAND Flash memories.

The FPGA’s internal oscillator controls the interface timing and the FPGA supplies the
clock on the CCLK output pin. However, the CCLK signal typically is not used connected
in single FPGA applications. Similarly, the FPGA drives three pins Low during
configuration (LDC[2:0]) and one pin High during configuration (HDC) to the PROM’s
control inputs.
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Figure 5-1: Spartan-3E FPGA Configured from Parallel NOR Flash
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Figure 5-2: Spartan-3A/3AN/3A DSP FPGA Configured from Parallel NOR Flash

Master BPI Mode Differences between Spartan-3 Generation FPGA

Families

Table 5-1 summarizes the BPI configuration mode differences between various Spartan-3
generation FPGA families. BPI mode is only available on the Spartan-3E and Spartan-
3A/3AN/3A DSP FPGA families. The Spartan-3A/3AN/3A DSP BPI mode supports up
to 26 address lines, capable of addressing up to 512 Mbits (64 KBytes).
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Table 5-1: BPI Configuration Mode Differences between Spartan-3 Generation

FPGA Families
Spartan-3 Spartan-3E gEZ;::ﬁgﬁggs
FPGA FPGA EPGA
BPI Up mode supported
(start at 0, increment addresses) Yes Yes
BPI Down mode supported (start at Yes No
highest location, decrement addresses)
Maximum number of address lines o4 %
supplied by FPGA
FPGA 1/0 Banks used for address lines Banks 1 and 2 Bank 1 only
Address lines independent of Right- No Yes
edge Clock inputs (RHCLKSs)
Parallel daisy chains supported Yes Yes
Serial daisy chains supported No Yes
' By PP BPI Mode not
Supports MultiBoot configuration available on Yes Yes
. Spartan-3
Watchdog Timer retry FPGA family No Yes
Number of interface timing options,
controlled by ConfigRate setting (see 3 12
Table 5-6)
CCLK directionality during Master BPI Output only for
mode 170 improvedsignal
integrity
RDWR_B and CSI_B required during No
. ] Yes ,

configuration (don’t care)
M][2:0] pins have dedicated internal No
pull-up resistors during configuration Optional, Y

controlled by es

HSWAP

PROM Address Generation

Spartan-3A/3AN/3A DSP FPGAs always start configuration from address 0 with
incrementing addresses, a mode called BPI Up. Spartan-3A/3AN/3A DSP FPGAs always

set M[2:0] = <0:1:0> for BPI mode.

@ As shown in Figure 5-1, page 138, the Spartan-3E FPGA family supports two versions
of BPI configuration, defined by the MO mode select pin. As shown in Table 5-2, page 141,
when the M0 mode-select pin is Low, a Spartan-3E FPGA configures using BPI Up mode,
starting at address 0 and incrementing the addresses presented on the A[23:0] address
pins. When the M0 mode-select pin is High, a Spartan-3E FPGA configures using the BPI
Down mode, starting from the highest memory location (A[23:0] = Ox FFFFFF) and
automatically decrementing the memory addresses. Spartan-3A/3AN/3A DSP FPGAs do

not support BPI Down mode.
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Addresses are generally incremented (or decremented for BPI Down mode) on every
falling CCLK edge. The exception is when using Spartan-3A FPGAs as part of a serial daisy
chain (see “Serial Daisy Chaining (Spartan-3A/3AN/3A DSP FPGAs Only),” page 151).

Table 5-2: BPI Addressing Control

M2 | M1 | MO Mode Supported Families| Start Address Addressing
BPI Up Spartan-3A/3AN, |0 Incrementing
0 Spartan-3A DSP,
0 1 Spartan-3E FPGAs
1 BPI Down | Spartan-3E FPGAs | OXxFF_FFFF Decrementing
only

The Spartan-3E addressing flexibility allows the FPGA to share the parallel Flash PROM
with an external or embedded processor. Depending on the specific processor architecture,
the processor boots either from the top or bottom of memory. The FPGA is flexible and
boots from the opposite end of memory from the processor. Only the processor or the
FPGA can boot at any given time. The FPGA can configure first, holding the processor in
reset or the processor can boot first, asserting the FPGA’s PROG_B pin.

Spartan-3E FPGAs generally provide up to 24 address lines to access an attached parallel
memory. There are a few exceptions as described below.

e Spartan-3E FPGAs available in the TQ144 package only provide 20 address lines,
which is more than sufficient for the smaller FPGA array sizes offered in the TQ144
package.

e Similarly, the XC3S100E FPGA in the CP132 package only has 20 address lines while
the XC35250E and XC3S500E FPGAs in the same package have 24 address lines.

e The BPI address pins are not provided on Spartan-3E FPGAs offered in the VQ100.
Consequently, Spartan-3E FPGAs in the VQ100 package cannot configure from a
parallel NOR Flash, but can configure using parallel Xilinx Platform Flash (XCFxxP).

Spartan-3A /3AN/3A DSP FPGAs generally provide up to 26 address lines to access an
attached parallel memory. There are a few exceptions as described below.

e The XC3S50A FPGA does not support BPI mode.

As shown in Figure 5-14, page 163, the mode select pins, M[2:0], are sampled when the
FPGA'’s INIT_B output goes High and must be at defined logic levels during this time.
After configuration, when the FPGA’s DONE output goes High, the mode pins are
available as full-featured user-1/O pins.

Similarly, the FPGA’s HSWAP pin must be Low to enable pull-up resistors on all user-
170 pins or High to disable the pull-up resistor. The HSWAP or PUDC_B control must
remain at a constant logic level throughout FPGA configuration. After configuration,
when the FPGA’s DONE output goes High, the HSWAP or PUDC_B pin is available as full-
featured user-I/O pin and is powered by the VCCO_0 supply.

On Spartan-3E FPGAs, the RDWR_B and CSI_B pins must be Low throughout the
configuration process, although the start of configuration is delayed until CSI_B is
asserted. After configuration, these pins also become user I/O. The RDWR_B and CSI_B
are not used and are ignored on Spartan-3A/3AN/3A DSP FPGAs.

In a single-FPGA application, the FPGA’s CSO_B and CCLK pins are not used but are
actively driving during the configuration process. The Spartan-3E BUSY pin, not available
on Spartan-3A/3AN/3A DSP FPGAs, is not used but actively drives during configuration
and is available as a user 1/O after configuration.
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After configuration, all of the interface pins except DONE and PROG_B are available as

user I/0Os.
Table 5-3: Byte-Wide Peripheral Interface (BPI) Connections
. FPGA . . . . . .
Pin Name . . Description During Configuration After Configuration
Direction

HSWAP Input | User I/O Pull-Up Control. When | Drive at valid logic level User1/0

PUDC_B Low during configuration, throughout configuration.

® enables pull-up resistorsinall1/O

pins to respective I/O bank Vi
input.

0: Pull-ups during configuration
1: No pull-ups

M][2:0] Input Mode Select. Selects the FPGA M2=0,M1=1.Set M0 =0 tostart | User I/O

@ configuration mode. Spartan- at address 0, increment addresses.

3A/3AN/3A DSP FPGAs have On Spartan-3E FPGAs, optionally
dedicated internal pull-up set MO =1 to start at address
resistors on these pins. See OxFFFFFF and decrement
“Design Considerations for the addresses. Sampled when INIT_B
HSWAP, M[2:0], and VS[2:0] goes High.

Pins,” page 70.

Spartan-3E Input | Chip Select Input. Active Low Must be Low throughout User I/O

FPGAs only: configuration. This inputis ignored

CSI B on Spartan-3A/3AN/3A DSP

- FPGAs.

Spartan-3E Input Read/Write Control. Active Low | Must be Low throughout User1/0

FPGAs only: write enable. Read functionality | configuration. This inputisignored

RDWR B typically only used after on Spartan-3A/3AN/3A DSP

- configuration, if bitstream option | FPGAs.
Persist:Yes.

LDCO Output | PROM Chip Enable Connect to PROM chip-select input | User I/O. If the FPGA
(CS#). FPGA drives this signal Low | does not access the
throughout configuration. PROM after

configuration, drive
this pin High to
deselect the PROM.
A[23:0], D[7:0], LDC2
LDC1, and HDC then
become available as
user I/0.

LDC1 Output | PROM Output Enable Connect to the PROM output- User I/O
enable input (OE#). The FPGA
drives this signal Low throughout
configuration.

HDC Output | PROM Write Enable Connect to PROM write-enable User I/O
input (WE#). FPGA drives this
signal High throughout
configuration.
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Table 5-3: Byte-Wide Peripheral Interface (BPI) Connections (Continued)

Pin Name

FPGA
Direction

Description

During Configuration

After Configuration

LDC2

Output

PROM Byte Mode

This signal is not used for x8
PROMs. For PROMs with a x8/x16
data width control, connect to
PROM byte-mode input (BYTE#).
See “Precautions Using x8/x16
Flash PROMs”. FPGA drives this
signal Low throughout
configuration.

User 1/0O. Drive this
pin High after
configuration to use a
x8/x16 PROM in x16
mode.

Spartan-3E
FPGAs:

A[23:0]
Spartan-3A
Spartan-3AN
Spartan-3A DSP
FPGAs:

A[25:0]

Output

Address

Connect to PROM address inputs.
High-order address lines may not
be available in all packages and not
all may be required. Number of
address lines required depends on
the size of the attached Flash
PROM. Spartan-3E FPGA address
generation controlled by M0 mode
pin. Addresses presented on falling
CCLK edge.

User I/0

DJ[7:0]

Input

Data Input

FPGA receives byte-wide data on
these pins in response the address
presented on A[23:0] or A[25:0].
Data captured by FPGA on rising
edge of CCLK.

User I/0.

CSO_B

Output

Chip Select Output. Active Low.

Not used in single-FPGA
applications. In a daisy-chain
configuration, this pin connects to
the CSI_B pin of the next FPGA in
the chain. If HSWAP or

PUDC_B =1 in a multi-FPGA
daisy-chain application, connect
this signal to a 4.7 kQ pull-up
resistor to VCCO_2. Actively drives
Low when selecting a downstream
device in the chain.

User I/0

Spartan-3E:
FPGAs

BUSY

Output

Busy Indicator.

Not used in single-FPGA designs;
BUSY is pulled up, not actively
driving.

User I/0.

Spartan-3A
Spartan-3AN
Spartan-3A DSP
FPGAs:

DOUT

Output

Serial Data Output. Used in
Spartan-3A/3AN/3A DSP serial
daisy chains.

Not used in single-FPGA designs;
DOUT is pulled up, not actively
driving. In a Spartan-3A/3AN/3A
DSP serial daisy-chain
configuration, this pin connects to
DIN input of the next FPGA in the
chain.

User 1/0.

Spartan-3 Generation Configuration User Guide

UG332 (v1.4) July 1, 2008

www.xilinx.com

143


http://www.xilinx.com

Chapter 5: Master BPI Mode

SXILINX®

Table 5-3: Byte-Wide Peripheral Interface (BPI) Connections (Continued)

FPGA

Pin Name Direction Description During Configuration After Configuration

CCLK Output | Configuration Clock. Generated | Not used in single FPGA User I/0. Drive High
by FPGA internal oscillator. applications but actively drives. In | or Low if not used.
Frequency controlled by a daisy-chain configuration, drives
ConfigRate bitstream generator | the CCLK inputs of all other FPGAs
option. If CCLK PCB trace is long | in the daisy chain.
or has multiple connections,
terminate this output to maintain
signal integrity. See “CCLK
Design Considerations,” page 54.

INIT_B Open- | Initialization Indicator. Active Active during configuration. If User I/0. If unused in

drain Low. Goes Low at start of CRC error detected during the application, drive
bidirec- | configuration during the configuration, FPGA drives INIT_B | INIT_B High to avoid
tional I/0O | Initialization memory clearing Low. a floating value. See

process. Released at the end of INIT_B “After
memory clearing, when the mode Configuration”.
select pins are sampled.

DONE Open- | FPGA Configuration Done. Low | Low indicates that the FPGA is not | Pulled High via

drain during configuration. Goes High | yet configured. external pull-up.
bidirec- | when FPGA successfully When High, indicates
tional I/O | completes configuration. that the FPGA is
successfully
configured.
PROG_B Input | Program FPGA. Active Low. Must be High to allow Drive PROG_B Low

When asserted Low for 500 ns or
longer, forces the FPGA to restart
its configuration process by
clearing configuration memory
and resetting the DONE and
INIT_B pins once PROG_B
returns High.

configuration to start.

and release to
reprogram FPGA.
Hold PROG_B to force
FPGA 1/0 pins into
Hi-Z, allowing direct
programming access
to Flash PROM pins.

Voltage Compatibility

@ The FPGA's parallel Flash interface signals are within I/O Banks 1 and 2. The majority
of parallel Flash PROMs use a single 3.3V supply voltage. Consequently, in most cases, the
FPGA’s VCCO_1 and VCCO_2 supply voltages must also be 3.3V to match the parallel
Flash PROM. There are some 1.8V parallel Flash PROMs available and Spartan-3E FPGAs
interface with these devices if the VCCO_1 and VCCO_2 supplies are also 1.8V. Spartan-
3A/3AN/3A DSP FPGAs do not support 1.8V PROMs because of the Spartan-3A FPGA’s
Power-On Reset (POR) voltage threshold, Vcoo1, shown in the appropriate Spartan-
3A/3AN/3A DSP data sheet and summarized in Table 12-1, page 233.

Also, see “Power-On Precautions if 3.3V Supply is Last in Sequence,” page 161.

See also “JTAG Cable Voltage Compatibility,” page 192.

Compatible Parallel NOR Flash Families

The Spartan-3E and Spartan-3A /3AN/3A DSP BPI configuration interface operates with a
wide variety of x8 or x8/x16 parallel NOR Flash devices. Table 5-4 provides a few example
Flash memory families that operate with the BPI interface. Xilinx has hardware tested
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Required Parallel Flash PROM Densities

various family members from some vendors. Other devices appear to be compatible based
on a data sheet analysis. Consult the manufacturer’s data sheet for the desired parallel
NOR Flash device to determine the suitability of a specific device.

While most parallel NOR Flash have comparable memory read functions, different
vendors may use different programming algorithms, which has no impact on FPGA

configuration.

Table 5-4: Example Compatible Parallel NOR Flash Families

Flash Vendor

Flash Memory Family

Status

STMicroelectronics (Numonyx)

M29W

Hardware tested

Atmel AT29 / AT49 Hardware tested
Spansion (AMD, Fujitsu) 529 Data sheet compatible

Intel (Numonyx)

Embedded Flash (J3 v. D)

Hardware tested

Macronix

MX29

Data sheet compatible

Required Parallel Flash PROM Densities

Table 5-5 indicates the smallest usable parallel Flash PROM to program a single Spartan-
3A/3AN/3A DSP or Spartan-3E FPGA. Parallel Flash memory devices are typically
specified by bit density but the memory is addressed as bytes or half-words. Spartan-
3A/3AN/3A DSP FPGAs present up to 26 address lines during configuration, although
not all are address lines are required, depending on number of bytes required to hold the
FPGA bitstream(s). Table 5-5 shows the minimum required number of address lines
between the FPGA and parallel Flash PROM. The actual number of address line required
depends on the density of the attached parallel Flash PROM.

Table 5-5:  Number of Bits to Program a Spartan-3A/3AN/3A DSP or Spartan-3E FPGA and Smallest Usable

Parallel PROM
Family FPGA File Sves (%) | Paralel iash PROM - Adress Lines
XC3S50A/AN 437,312 BPI Mode not available on XC3S50A FPGAs
XC3S5200A/AN 1,196,128 2 Mbit A[17:0]
Spartan-3A/3AN XC35400A/AN 1,886,560 2 Mbit A[17:0]
XC3S700A/AN 2,732,640 4 Mbit A[18:0]
XC351400A /AN 4,755,296 8 Mbit A[19:0]
XC3SD1800A 8,197,280 8 Mbit A[19:0]
Spartan-3A DSP
XC3SD3400A 11,718,304 16 Mbit A[20:0]
XC3S100E 581,344 1 Mbit Al16:0]
XC3S250E 1,353,728 2 Mbit A[17:0]
Spartan-3E XC3S500E 2,270,208 4 Mbit A[18:0]
XC3S1200E 3,841,184 4 Mbit A[18:0]
XC3S1600E 5,969,696 8 Mbit A[19:0]
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A multiple-FPGA daisy-chained application requires a parallel Flash PROM large enough to
contain the sum of the FPGA file sizes. An application can also use a larger-density parallel
Flash PROM to hold additional data beyond just FPGA configuration data. For example, the
parallel Flash PROM might also contain the application code for a MicroBlaze™ RISC
processor core implemented within the Spartan-3A /3AN/3A DSP or Spartan-3E FPGA.
After configuration, the MicroBlaze processor either executes directly from the external
Flash memory or it copies the code to other, faster system memory before executing the
code.

CCLK Frequency

In BPI mode, the FPGA’s internal oscillator generates the configuration clock frequency
that controls all the interface timing. The FPGA starts configuration at its lowest frequency
and increases its frequency for the remainder of the configuration process if so specified in
the configuration bitstream. The maximum frequency is specified using the ConfigRate
bitstream generator option.

Table 5-6: Maximum ConfigRate Settings for Parallel Flash PROMs (Commercial
Temperature Range)

Parallel NOR Flash Read Access Time (TACC (tAVQV))
. Config Ratg Units

Bitstream Setting Spartan-3E FPGAS spa?g:]r.t;:_gggéséAS
3 <263 ns <395 ns
6 <120 ns <189 ns
7 N/A <160 ns
8 N/A <138 ns
10 N/A < 105ns
12 <49ns <85ns

ns
13 N/A <75ns
17 N/A <54 ns
22 N/A <36ns
25 N/A <29ns
27 N/A <26ns
33 N/A <18 ns
Notes:

1. PCB signal propagation time assumed to be 1 ns.

Table 5-6 shows the maximum ConfigRate settings for various PROM read access times
over the Commercial temperature operating range. See “Byte Peripheral Interface (BPI)
Timing,” page 163 for more detailed timing information. Spartan-3A /3AN/3A DSP
FPGAs have more ConfigRate options and therefore offer finer matching to specific
memory interface speeds. See Table 5-8, page 154 for ConfigRate settings when using
parallel Platform Flash PROMs.
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Despite using slower ConfigRate settings, BPI mode is equally fast as the other
configuration modes. In BPI mode, data is accessed at the ConfigRate frequency and
internally serialized with an 8X clock frequency.

Using the BPI Interface after Configuration

After the FPGA successfully completes configuration, all pins connected to the parallel
Flash PROM are available as user I/0Os.

If not using the parallel Flash PROM after configuration, drive LDCO High to disable the
PROM'’s chip-select input. The remainder of the BPI pins then become available to the
FPGA application, including all A[25:0] or A[23:0] address lines, the eight D[7:0] data lines,
and the LDC2, LDC1, and HDC control pins.

Because all the interface pins are user I/Os after configuration, the FPGA application can
continue to use the interface pins to communicate with the parallel Flash PROM. Parallel
Flash PROMs are available in densities ranging from 1 Mbit up to 128 Mbits and beyond.
However, a single Spartan-3E/3A/-3AN FPGA requires typically less than 6 Mbits for
configuration. If desired, use a larger parallel Flash PROM to contain additional
nonvolatile application data, such as MicroBlaze processor code, or other user data, such as
serial numbers and Ethernet MAC IDs. In such an example, the FPGA configures from
parallel Flash PROM. Then using FPGA logic after configuration, a MicroBlaze processor
embedded within the FPGA can either execute code directly from parallel Flash PROM or
copy the code to external DDR SDRAM and execute from DDR SDRAM. Similarly, the
FPGA application can store nonvolatile application data within the parallel Flash PROM.

For Spartan-3E FPGAs, the configuration data is stored starting at either at location 0 (BPI
Up) or starting at the highest address location (BPI Down) or at both locations for when
performing MultiBoot configuration (see “Spartan-3E MultiBoot,” page 255). For Spartan-
3A/3AN/3A DSP FPGAs, there is always a configuration image starting at location 0 (BPI
Up) and possibly at other higher address locations when performing Spartan-
3A/3AN/3A DSP MultiBoot configuration (see “Spartan-3A/3AN/3A DSP MultiBoot,”
page 263). Store any additional data beginning in other available parallel Flash PROM
sectors.

Caution! Do not mix FPGA configuration data and user data in the same sector. Mixing both
configuration and user data in the same sector should only be done with extreme caution.

Similarly, the parallel Flash PROM interface can be expanded to additional parallel
peripherals. The address, data, LDC1 (OE#) and HDC (WE#) control signals are common
to all parallel peripherals. Connect the chip-select input on each additional peripheral to
one of the FPGA user I/O pins. If HSWAP or PUDC_B = 0 during configuration, the FPGA
holds the chip-select line High via an internal pull-up resistor. If HSWAP or PUDC_B =1,
connect the select line to +3.3V via an external 4.7 kQ pull-up resistor to avoid spurious
read or write operations. After configuration, drive the select line Low to select the desired
peripheral. Refer to the individual peripheral data sheet for specific interface and
communication protocol requirements.

The FPGA optionally supports a 16-bit peripheral interface by driving the LDC2 (BYTE#)
control pin High after configuration. See “Precautions Using x8/x16 Flash PROMs” for
additional information.

A Spartan-3E FPGA provides up to 24 address lines during configuration, addressing up
to 128 Mbits (16 Mbytes). A Spartan-3A/3AN/3A DSP provides up to 26 address lines,

addressing up to 512 Mbits (64 Mbytes). If using a larger parallel PROM, connect the upper
PROM address lines to FPGA user I/O. During configuration, the upper address lines will
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be pulled High if HSWAP or PUDC_B = 0. Otherwise, use external pull-up or pull-down
resistors on these address lines to define their values during configuration.

Precautions Using x8/x16 Flash PROMs

@ Most low- to mid-density PROMs, typically 8 Mbits and below, are only available as

byte-wide (x8) memories. Many higher-density Flash PROMs, usually 16 Mbits and above,
support both byte-wide (x8) and word-wide (x16) data paths and include a mode input pin
called BYTE# that switches between the x8 or x16 modes. During configuration, Spartan-

3E and Spartan-3A /3AN/3A DSP FPGAs only support byte-wide data, as shown in
Figure 5-3a. However, after configuration as shown in Figure 5-3b, the FPGA supports
either x8 or x16 modes because the FPGA’s LDC2 pin, which controls the PROM’s BYTE#
mode input, is controlled by the FPGA application. In x16 mode, up to eight additional
user I/O pins are required for the upper data bits, D[15:8].

Caution! Different Flash memory vendors use different nomenclature when naming address
pins. Make sure that the FPGA connects correctly to the selected memory.

32Mbit Flash 32Mbit Flash
FPGA (4Mx8 Mode) FPGA (2Mx16 Mode)
LDCOp——»| CE# User CE#|——®»| CE#
LDC1lp——»| OE# User OE# |———» OE#
HDC |——»| WE# User WE# |——»| WE#
LDC2 |——»| BYTE# ‘I"'—®»| BYTE#
s X"_lNX D[7:0] |y D Q[7:0] 2 X"_lNX D[7:0] |- DQ[7:0]
A[21:1] j——pl A[20:0] A[21:1] |—| A[20:0]
A0 ——»| DO15/A-1 User_D15 «—— DQ15/A-1
(User 1/O) DQ[14:8] User_D[14:8)] |«immmi-| DQ[14:8]

(a) Byte-wide interface during configuration

(b) 16-bit interface after configuration

UG332_c5_07_040107

Figure 5-3: FPGA Supports x8 Interface before Configuration and Optional x16 Interface after

Configuration

Connecting a Spartan-3E or Spartan-3A/3AN/3A DSP FPGA to a Flash PROM that
supports both x8/x16 modes is simple, but does require a precaution. Various Flash PROM
vendors use slightly different interfaces to support both x8 and x16 modes. Some vendors
(Intel /Numonyx, Micron, some STMicroelectronics/Numonyx devices) use a
straightforward interface with pin naming that matches the FPGA connections. However,
the PROM’s A0 pin is wasted in x16 applications and a separate FPGA user-1/0 pin is
required for the D15 data line. Fortunately, the FPGA AO pin is still available as a user I/O
after configuration, even though it connects to the Flash PROM.

Other vendors (AMD, Atmel, Silicon Storage Technology, Spansion, and some
STMicroelectronics/Numonyx devices) use a pin-efficient interface but change the
function of one pin, called 1015/ A-1, depending if the PROM is in x8 or x16 mode.
Figure 5-3 illustrates this interface. In x8 mode, BYTE# = 0 controlled by the FPGA’s LDC2
pin, the Flash’s I015/A-1 pin becomes the least-significant address line into the Flash
memory. The I015/A-1 line selects a byte location. The A0 address line, which one might
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assume to be the least-significant address line, is actually the select line for word (x16)
locations.

After the FPGA configures successfully, the FPGA application can optionally access the
Flash memory using a 16-bit data interface. The FPGA application drives BYTE# =1,
which switches the definition of the I015/A-1 pin. This pin then becomes the most-
significant data bit, D15 because byte addressing is not required in x16 mode. Check to see
if the Flash PROM has a pin named 1015/ A-1 or DQ15/ A-1. If so, be careful to connect
x8/x16 Flash PROMs correctly, as shown in Figure 5-3 and Table 5-7. Also, remember that
the D[14:8] data connections require FPGA user I/O pins but that the D15 data is already
connected for the FPGA’s A0 pin.

Table 5-7: FPGA Connections to Flash PROM with I015/A-1 Pin

Connection to Flash PROM with |[x8 Flash PROM Interface After |x16 Flash PROM Interface After

FPGA Pin I015/A-1 Pin FPGA Configuration FPGA Configuration

LDC2 Drive LDC2 Low or leave Drive LDC2 High
unconnected and tie PROM
BYTE# input to GND

LDC1 Active-Low Flash PROM Active-Low Flash PROM
output-enable control output-enable control

LDCO Active-Low Flash PROM chip- | Active-Low Flash PROM chip-
select control select control

HDC Flash PROM write-enable Flash PROM write-enable
control control

Al23:1] Aln:0] Aln:0]

A0 1015/ A-1 is the least- 1015/ A-1 is the most-significant
significant address input data line, 1015

DI[7:0] 10[7:0] 10[7:0]

User I/0 Upper data lines I0[14:8] not Upper data lines I0[14:8] not 10[14:8]

required unless used as x16 Flash | required
interface after configuration

Some x8/x16 Flash PROMs have a long setup time requirement on the BYTE# signal. For
the FPGA to configure correctly, the PROM must be in x8 mode with BYTE# = 0 at power-
on or when the FPGA’s PROG_B pin is pulsed Low. If required, extend the BYTE# setup
time for a 3.3V PROM using an external 680 Q pull-down resistor on the FPGA’s LDC2 pin
or by delaying assertion of the CSI_B select input to the FPGA.

Daisy Chaining

If the application requires multiple FPGAs with different configurations, then configure
the FPGAs using a daisy chain, as shown in Figure 5-4, page 150 or Figure 5-5, page 152.

e Parallel daisy chains from a BPI mode master FPGA are supported by both Spartan-
3E and Spartan-3A/3AN/3A DSP FPGAs.

e Serial daisy chains from a BPI mode master FPGA are only supported by Spartan-
3A/3AN/3A DSP FPGAs.
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To successfully configure a daisy chain, the GTS_cycle bitstream option must be set to a
Startup phase after the DONE_cycle setting for all FPGAs in the chain. This is the software
default setting. Optionally, set GTS_cycle:Done.

Parallel Daisy Chaining

Both Spartan-3E and Spartan-3A /3AN/3A DSP FPGA families support parallel
configuration daisy chains when the first device in the chain uses BPI mode.

As shown in Figure 5-4, all downstream FPGAs in the daisy chain use Slave Parallel mode
(M[2:0] = <1:1:0>). However, if there are more than two FPGAs in the daisy chain, the last
FPGA in the chain can be from any recent Xilinx FPGA family that supports the SelectMAP
interface, such as the Virtex®-II, Virtex-1I Pro, and Spartan-3 FPGAs. However, all
intermediate FPGAs located in the middle of the chain between the first and last FPGAs
must from either the Spartan-3E, Spartan-3A/3AN/3A DSP, or Virtex-5 FPGA families.
These three FPGA families are the only ones that provide a CSO_B output while in Slave
Parallel (SelectMAP) mode.

Spartan-3A/3AN/3A DSP Parallel NOR
BPI Mode| Spartan-3E FPGAs Flash

‘0—{ M2 LDCO | CE#
‘1—{ M1 LDC1 »| OE#
‘0—»{ MO HDC > WEH#
LDC2 | BYTE#
®é> HSWAp  Al25:0] [—) Aln:0]
PUDCB  p7. DQ[7:0]
D[7:0]
L >
BUSY
DOUT [ ™ CCeLK
CCLK >
‘0O—»{ CSI_B CSO_B
‘0—»| RDWR B INIT_B |« % INT_B >
»| PROG B DONE B DONE >
'\élgsétir P! D[7:0] =P D[7:0]
— »|CSIB CSOB »|CSI.B CSO_B >
1 CCLK 1 CCLK
‘0—»{ RDWR B ‘0—»{ RDWR B
Slave | ‘1 M2 ot ‘1 M2
Parallel | ‘1| M1 ﬁo ‘12— M1 ﬁ &
Mode | «g—p] M0 INIT_B ‘0—| MO INIT_B
r PROG_B DONE |- J—r PROG_B DONE |-
Intermediate Last FPGA in
FPGAs Daisy Chain
Spartan-3A/3AN/3A DSP, Any Xilinx FPGA
Spartan-3E,
Virtex-5 FPGAs
UG332_c5_05_040107
Figure 5-4: Parallel Daisy Chain using BPI Mode
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After the master FPGA—the FPGA on the top left in Figure 5-4—finishes loading its
configuration data from the parallel Flash PROM, the master device continues generating
addresses to the Flash PROM and asserts its CSO_B output Low, enabling the next FPGA
in the daisy chain. The next FPGA then receives parallel configuration data from the Flash
PROM. The master FPGA’s CCLK output synchronizes data capture.

If the FPGA’s HSWAP or PUDC_B pin is High, then pull-up resistors are disabled during
configuration and an external 4.7kQ pull-up resistor must be added on the CSO_B pin,
which guarantees a logic High to the CSI_B input of the next device in the chain. If FPGA’s
HSWAP or PUDC_B pin is Low, no external pull-up is necessary.

Serial Daisy Chaining (Spartan-3A/3AN/3A DSP FPGAs Only)

The Spartan-3A /3AN/3A DSP FPGA family supports serial daisy chains, where the first
device in the chain uses BPI mode. The first or master device effectively provides a
parallel-to-serial conversion of the bitstream data for the downstream slave devices. Serial
daisy chains from BPI mode are not supported for Spartan-3E FPGAs.

As shown in Figure 5-5, page 152, all downstream FPGAs in the serial daisy chain use
Slave Serial mode (M[2:0] = <1:1:1>) and can be from any Xilinx FPGA family.

The CCLK output from the master device operates at 8 times the frequency of the Flash
read interface and CCLK synchronizes all FPGAs in the daisy chain. The master FPGA
accesses the byte-wide Flash once every 8 CCLK cycles but provides serial data on its
DOUT output to downstream FPGAs every CCLK cycle. iMPACT programming software
automatically adjusts the CCLK frequency when serial daisy chains are selected in Step 14,
Figure 5-10, page 158. In standalone BPI mode, the ConfigRate option determines the byte-
wide interface frequency. When a BPI daisy chain is selected, the ConfigRate option
determines the serial interface frequency, and the parallel Flash interface will run at 1/8 of
that rate.

After the master FPGA—the FPGA on the top left in Figure 5-5—finishes loading its
configuration data from the parallel Flash PROM, the master device continues generating
addresses to the Flash PROM. The master FPGA reads byte-wide data from the PROM,
internally serializes the data, and provides the data to downstream devices via its DOUT
output pin. The next FPGA in the daisy chain then receives serial configuration data from
the preceding FPGA in the chain. The master FPGA’s CCLK output synchronizes data
capture.
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Spartan-

BPI Mode
O—p
1 p
O—p

©~

0—p
‘0—p

Y

3A/3AN/3A DSP Parallel NOR
FPGA Flash
M2 LDCO »| CE#
M1 LDC1 | OE# Serialized PROM Data
MO HDC »| WE# DOUT:XOX1X2X3X4X5X6X7X:
LDC2 »| BYTE#
PUDC B A[25:0] [me—)p A[n:0] A[25:0] :X Next PROM Address X:
T D[7:0] | Gum—f DQ[7:0]
DOUT CeLK
CCLK >
CSIB CSOBl» 00 NT B
RDWR B INIT_B |« e | >
PROG B DONE B DONE >
Master - -
FOGA L»| DIN DOUT »| DIN DOUT >
»| cCcLK »| cCcLK
Slave ‘1— M2 L ‘1— M2
Serial | ‘1= M1 gggs ‘1 M1 ﬁ &
Mode | gl Mo INIT_B | “1—{ MO INIT_B
PROG B DONE |- PROG_ B DONE |-

Intermediate
FPGAs

Any Xilinx FPGA

Last FPGA in
Daisy Chain

Any Xilinx FPGA

UG332_c5_06_052107

Figure 5-5: Serial Daisy Chains are Only Available for Spartan-3A/3AN/3A DSP BPI Mode

Using Xilinx Platform Flash PROMs with Master BPI Mode

The Master BPI mode also supports the Xilinx Parallel Platform Flash PROM (XCFxxP)
family, as shown in Figure 5-6.
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Using Xilinx Platform Flash PROMs with Master BPl Mode

+1.2V +1.8V
VCCINT VCCINT
®i> PUDC B VCCO 0 |«—VCCO 0 VCCO 4—@
VCCOo 1 4—@
LDCO CE CEO|»
LDC1 |-» XX"JNX
HDC = Platform Flash
LDC2 [ XCFxxP
A25 REV_SEL1
. a_llgl&te o A24 REV_SELO
val
XC3S50A A[23:0] p=p>
BPIMode||
VCCO 2 4—@
0" <l M2 D[7:0] D[7:0]
BELOP 1 Mt
nly et
0’ L3l Mo S XILINX EN_EXT_SEL
Spartan-3A/3AN/3A DSP BUSY
FPGA =
—>
Dot care CCLK CLK  CLKOUT|»
X’ CSO_B|»
+il§V X INIT B}€—— »|OE/RESET CF|——»
3_|[m s VCCAUX | +3.3V vcey e t33v
sélla oif—e »{ TMS —» TMS
Tolle ofg™=t +—»| TCK TCK
sc| m oW 2
(lc =
o9 o= »| TDI TDO TDI TDO |
1 IEEH DS PROG_B DONE |-
§v o(IN.C. GND GND
= o = =
PROGRAM

_¢ = Dedicated internal pull-up resistor
Figure 5-6: Master BPI Mode Using Xilinx Parallel Platform Flash PROMs (XCFxxP)
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The diagram in Figure 5-6 shows a Spartan-3A/3AN/3A DSP FPGA, but the same

approach also works with Spartan-3E FPGAs.

The Xilinx Parallel Platform Flash PROM family is in-system programmable using
JTAG, similar to the FPGA.

The FPGA’s address outputs, A[25:0] or A[23:0] actively drive during configuration.
To use the design revisioning feature in Platform Flash PROMSs for MultiBoot
operations, connect the FPGA’s upper address lines to the PROM’s REV_SEL[1:0]
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inputs. Spartan-3A/3AN/3A DSP FPGAs support up to four images; Spartan-3E
FPGAs support just two images.

e The FPGA’s LDC2, LDC1, LDCO0, and HDC outputs actively drive during
configuration. Use the LDCO output to enable the Platform Flash PROM during
configuration. After configuration, the FPGA application drives LDCO, now an I/O
pin to enable or disable the PROM.

e  After configuration, the FPGA application can control the I/O pins that connect to the
PROM, the application can read additional non-configuration data from the PROM.
The FPGA can use the PROM’s REV_SEL[1:0] pins to select different regions of the
PROM.

A similar approach using Slave Parallel mode is possible, minus the MultiBoot capability.
The solution requires either an external configuration clock source or the Platform Flash
PROM’s internal clock option. The advantage of the alternate solution is that the FPGA’s
address pins are not active during configuration. Furthermore, if using an external clock
source, the clock frequency has little variation and likely operates at a higher average
frequency, which shortens configuration time.

ConfigRate Settings Using Platform Flash

As shown in Table 5-8, parallel Platform Flash PROMs support a high ConfigRate setting.
The performance is even more dramatic considering that the PROM loads eight bits per
clock. The resulting bandwidth on a Spartan-3A /3AN/3A DSP FPGAs is between 110 to
190 Mbits per second!

Table 5-8: Maximum ConfigRate Settings Using Parallel Platform Flash

Platform Flash Part I/O Voltage Spartan-3E SSFE)::::_?AA/SQE
Number (VCCO_2, VCCO) ConfigRate Setting ConfigRate Setting
XCF08P 3.3V or 2.5V 33
XCF16P 25
XCE32P 1.8V N/A

Generating the Bitstream for a Master BPI Configuration

The create the FPGA bitstream for a Master BPI configuration, follow the steps outlined in
“Setting Bitstream Options, Generating an FPGA Bitstream,” page 39. For an FPGA
configured in Master BPI mode, set the following bitstream generator options.

ConfigRate: CCLK Frequency

Set the ConfigRate option as described in “CCLK Frequency,” page 146. Using the ISE®
software Project Navigator, the Configuration Rate frequency is set in Step 7 in Figure 1-7,
page 41.

-g ConfigRate: 12

StartupClk: CCLK

By default, the configuration Startup clock source is the internally generated CCLK. Keep
the StartupClk bitstream generation option, shown as Step 13 in Figure 1-8, page 42.

-g Startupd k: Ccl k

154

www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

SXILINX®

Preparing a Parallel NOR Flash PROM File

DriveDone: Actively Drive DONE Pin

In a single FPGA design or for the Master FPGA in a multi-FPGA daisy chain, set the FPGA
to actively drive the DONE pin after successfully completing the configuration process.
Using ISE Project Navigator, check the Drive Done Pin High option, shown as Step 16 in
Figure 1-8, page 42.

-g DriveDone: Yes

GTS_cycle: Global Three-State Release Timing for Daisy Chains

If creating a multi-FPGA daisy chain, set the GTS_cycle option to be later than the
DONE_cycle setting, which is the default setting for both. Alternatively, set
GTS_cycle:Done. From ISE Project Navigator, the GTS_cycle setting is the Enable Outputs
(Output Events) option, shown as Step 14 in Figure 1-8, page 42.

Preparing a Parallel NOR Flash PROM File

IMPACT

This section provides guidelines to create PROM files for parallel NOR Flash memories.

The Xilinx software tools, “iMPACT” or PROMGen, generate formatted PROM files from
the FPGA bitstream or bitstreams.

The following steps graphically describe how to create a PROM file for parallel NOR Flash
using iMPACT from within the ISE Project Navigator. iMPACT supports indirect
programming for the Spartan-3A and Spartan-3A DSP families. iMPACT supports
programming the internal Flash of the Spartan-3AN family. If creating a Spartan-3A /3A
DSP MultiBoot image for a parallel Flash memory, see “Generating a Spartan-
3A/3AN/3A DSP MultiBoot PROM Image using iMPACT,” page 270.

1. From within the ISE Project Navigator, double-click Generate PROM, ACE, or JTAG
File from within the Process pane, as shown in Figure 5-7.

Processes: \ al

EI t;OGenerate Programming File \]/
ek

[ =i Pre e s mrviinn File v ation B edh

4| | b

E'—I: Proceszes |
UG332_c4_10_110206

Figure 5-7: Double-click Generate PROM, ACE or JTAG File
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2. Asshown in Figure 5-8, select Prepare a PROM File.

AEIMPACT - Welcome to iIMPACT

—Fleaze zelect an action from the list below

= Configure devices using Boundan-Scan [JTAG]

\2// I Automnatically connect to a cable and identify Boundary-Scan chain ;I
iy

Prepare a FROKM File

= Prepare a System ACE File

= Prepare a Boundan-5can File

SWF -
= Configure devices
uzing Slave Senal mode \3/ él
¢ Back Nest > L Lancel

UG332_c4_11_19020

Figure 5-8: Prepare a PROM File
3. Click Next.
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4. Asshown in Figure 5-9, target a Generic Parallel PROM.

AZiMPALCT - Prepare PROM Files

| want to target a

4 £ Wil PROM
\/ & Generic Parallel PROM

= 3rd-Party SFI PROM

= PROM Supporting Multiple D esign Yersions: I Spartan3E MultiB oot j

—PROM File Farrmat
WF MCS ¢ TEK ¢ UFP [T format]

= ExO = EIM = |SE
" HE= [~ SwapBits

Checksum Fill Yalue [2 Hex Digitz): |FF
maa

PROK File M ame: |M_I,IF'araIIeINEIFiFIa$h

Locatiom: |I::'xData'xm_l,l_designs'\led_crazy"a \7/ Browsze... |

¢ Back et » Cancel |

UG332_c5_10_111806
Figure 5-9: Set Options for a Generic Parallel PROM
5. Select a PROM File Format.

6. Name the output PROM File Name.
7. Click Next.
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8. Asshown in Figure 5-10, select the Parallel PROM Density, measured in bytes. This
example uses a 32 Mbit Flash PROM, equivalent to 4 Mbytes.

HIZIMPACT - Specify Parallel PROM Device

I Auto Select PROM i;/ \9/

Select a Parallel PROM Density [Bytes]: I 4 [41394304]

10

I d M Delete Al |
N4 |
[+ Create BPI-Made PROM

g Mumber af Data Streams: I 1 13
BPI Mazter Device Family — Loading Direction |_||:-

12 ¢ Spartan 3 [Vata Stream O Start Addrezs: ID—
(+ Spartan 34 [ zirriurn B hex digits] ¥4/

Downztream Daisy-Chain Type: | Parallel 3

N5/

< Back Meut » Caricel |

i Wirtew 5

UG332_c5_12_111806

Figure 5-10: Select Parallel PROM Size and Configuration Style

9. Click Add.
10. The selected PROM size appears in the 0 position. The Master BPI mode uses a single
PROM.

11. Check Create BPI-mode PROM.
12. Choose whether the BPI Master Device is either a Spartan-3E or Spartan-3A FPGA.

13. If the Spartan-3E option is selected, then choose whether the PROM file is loaded at
address 0 using incrementing addresses (BPI Up) or at the highest address location
using decrementing addresses (BPI Down). This option is not available if the
Spartan-3A option is the selected BPI Master Device.

14. If the Spartan-3A option is selected, then choose whether to create a Parallel or Serial
configuration daisy chain. This option is not available if the Spartan-3E option is the
selected BPI Master Device, although Spartan-3E FPGAs support parallel daisy chains.

15. Click Next.
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16. As shown in Figure 5-11, start selecting the FPGA bitstreams to store in the PROM.

U5 Add Device |
@ Start adding device file to - FEEPYETYRET. |

Data Skrearm: O
@ wiould vou like ko add another design File ko

16/ -
: Daka Skream: O Y

gaddoevie NI e : |

Yes Mo
Lock in: |10 led_crazy

) _nga 1 Add Device |
_XMsgs

et You have completed the device File enkew,

Fir::t fpaa.hit Click. "0k ba continue

;

second_fpga. bit 22/ e
b OK
\ ya
18
\21
File narme: Ifimt_fpga.l:uit - Open

Files of type: IFPG& Bit Files [* hit] j Cancel |
P

UG332_c5_12_111806

Figure 5-11: Select FPGA Bitstream Files

17. This example create a PROM file for a Spartan-3A serial daisy chain. Select the first
FPGA bitstream.

18. Click Open.
19. When asked to add another design file, click Yes.
20. Select the second FPGA bitstream.

21. Click Open. Continue with Steps 19-21 until all FPGA bitstream files are selected.
After entering the last bitstream, click No from Step 19 when asked to add another

design file.
22. Click OK.
Spartan-3 Generation Configuration User Guide www.xilinx.com 159

UG332 (v1.4) July 1, 2008


http://www.xilinx.com

Chapter 5: Master BPI Mode XX"JNX@

23. As shown in Figure 5-12, the iMPACT software graphically displays the selected
configuration topography. In this example, a single parallel PROM provides the
bitstreams to two XC35700A FPGAs using a serial daisy-chain configuration.

ST IMPACT - ChyDatamy _designs'led_crazy'default.ipf - [PROM File Formatter]

gFiIe Edit “Wiew Operations Options Output Debug  Window Help

=85

dBRBEX

- TS aveSerial

-~ g Direct 5Pl Config... |

X
~ T Boundary Scan & |Data SiE p I3 I‘1 F F I-’r
'gggelel:tM'&'Fl 3 ey, -l-l-l-l-l-l-E ;-|-|-|.|.|.|.E 23
-8 Desktop Configu... = 3 %ﬂﬂ E XU E—E XN E \/
§_PROW F ik
4r|.|1 TR TR TR

IMPACT Modes

2.86 % Full

/

*c3s7 002 *c3s7 008 25
first_fpoahit zecond_fpoa bit
]

d

24/
\ﬂ; wallahle (reratinns are:

Generate File...

PROM File Generation Succeeded
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Figure 5-12: Generate Parallel PROM File

24. Click Generate File.
25. The iMPACT software indicates when the PROM File Generation Succeeded.

Indirect Parallel Flash Programming Using iMPACT

Indirect parallel Flash PROM programming support is available starting with Xilinx ISE
9.2.02i and later releases. In Indirect mode, the iMPACT software programs the memory
attached to the FPGA through the FPGA’s JTAG port. During the programming process,
the FPGA is configured with a special programming application. Consequently, the
FPGA’s DONE pin will go High during the programming process.

The iMPACT software supports indirect programming of the Intel (Numonyx) 28F P30 and
I3 v D StrataFlash embedded flash family through the Spartan-3A (XC35400A, XC3S700A,
and XC351400A) and Spartan-3A DSP FPGAs.

In-System Programming Support

In production applications, the parallel Flash PROM is typically preprogrammed before it
is mounted on the printed circuit board. In-system programming support is available from
third-party boundary-scan tool vendors and from some third-party PROM programmers
using a socket adapter with attached wires. To gain direct access to the parallel Flash
signals, hold the FPGA’s PROG_B input Low throughout the programming process. This
action places all FPGA I/0 pins, including those attached to the parallel Flash, in high-
impedance (Hi-Z). If the HSWAP or PUDC_B input is Low, the I/ Os have pull-up resistors
to the Vo input on their respective I/O bank. The external programming hardware then
has direct access to the parallel Flash pins.
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The FPGA itself can also be used as a parallel Flash PROM programmer during
development and test phases. Because parallel NOR Flash is most commonly used with
the MicroBlaze processor core, the Xilinx Platform Studio (XPS) includes Flash
programming support. Essentially, XPS downloads a Flash programmer into the FPGA via
the FPGA’s JTAG port. The FPGA then performs necessary the Flash PROM programming
algorithms and receives programming data from the host via the FPGA’s JTAG interface.

e Chapter 9, “Flash Memory Programming” in UG111: Embedded System Tools
Reference Manual (EDK 9.21i)
http:/ /www.xilinx.com /ise/embedded /edk92i_docs/est_rm.pdf

Similarly, the FPGA application can leverage an existing communication channel in the
system to program or update the Flash memory. The Spartan-3E FPGA Starter Kit board
provides a design example that programs the on-board Intel (Numonyx) StrataFlash
PROM using the board’s RS-232 serial port. Similarly, the Spartan-3A FPGA Starter Kit
board provides a similar example, but for the STMicro (Numonyx) M29DW323DT parallel
Flash PROM.

e PicoBlaze™ Processor RS-232 StrataFlash™ Programmer
www.xilinx.com/products/boards/s3estarter /reference_designs.htm#picoblaze_nor_flash_programmer

¢ Programmer for the M29DW323DT Parallel NOR Flash

www.xilinx.com /products/boards/s3astarter/reference_designs.htm#parallel_flash_programmer

Power-On Precautions if 3.3V Supply is Last in Sequence

Spartan-3A /3AN/3A DSP and Spartan-3E FPGAs have a built-in power-on reset (POR)
circuit, as shown in Figure 12-3, page 232. The FPGA waits for its three power supplies —
Veent Vecaux and Ve to1/0 Bank 2 (VCCO_2) — to reach their respective power-on
thresholds before beginning the configuration process.

The parallel NOR Flash PROM is powered by the same voltage supply feeding the FPGA's
VCCO_2 voltage input, typically 3.3V. Parallel NOR Flash PROMs specify that they cannot
be accessed until their V¢ supply reaches its minimum data sheet voltage, followed by an
additional delay, often called a V- setup time. Table 5-9 shows some representative
values.

Table 5-9: Example Minimum Power-On to Setup Times for Various Parallel NOR

Flash PROMs
Flash PROM | Data Sheet Minimum Time from Vcc min to Select = Low
Vendor -
Part Number Symbol Value Units
Intel Corp. J3v.D tyccrH 60 s
(Numonyx)
Spansion S29AL016M tycs 50 s
Macronix MX29LV004C tves 50 us

In many systems, the 3.3V supply feeding the FPGA's VCCO_2 input is valid before the
FPGA's other Voont and Ve ayux supplies, and consequently, there is no issue. However,
if the 3.3V supply feeding the FPGA's VCCO_2 supply is last in the sequence, a potential
race occurs between the FPGA and the NOR Flash PROM, as shown in Figure 5-13.
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Flash PROM ready for
read operations
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FPGA VCCO_2 minimum VCC setupl be ready for FPGA
Power On Reset Voltage [~~~/ (tves) | access, otherwise delay
(v, ) | FPGA configuration
ccozt
[ . } . [
(Veeint Vecaux FPGA initializes configuration FPGA accesses
already valid) memory (Tpor) Flash PROM
Time UG332_c5_03_111906

Figure 5-13: Parallel NOR Flash PROM/FPGA Power-On Timing if 3.3V Supply is
Last in Power-On Sequence

If the FPGA's Vot and Vecaux supplies are already valid, then the FPGA waits for
VCCO_2 to reach its minimum threshold voltage before starting configuration. This
threshold voltage is labeled as Vcqp1 in Table 12-1, page 233 and ranges from
approximately 0.4V to 2.0V, substantially lower than the NOR Flash PROM's minimum
voltage. Once all three FPGA supplies reach their respective Power On Reset (POR)
thresholds, the FPGA starts the configuration process and begins initializing its internal
configuration memory. The initialization varies by family and arrays size, listed in

Table 12-2, page 234. After initialization, the FPGA deasserts INIT_B, selects the NOR
Flash PROM, and starts accessing data. The parallel NOR Flash PROM must be ready for
read operations at this time.

If the 3.3V supply is last in the sequence and does not ramp fast enough, or if the parallel
NOR Flash PROM cannot be ready when required by the FPGA, delay the FPGA
configuration process by holding either the FPGA's PROG_B input or INIT_B input Low,
described in “Delaying Configuration,” page 235. Release the FPGA when the parallel
NOR Flash PROM is ready. For example, a simple R-C delay circuit attached to the INIT_B
pin forces the FPGA to wait for a preselected amount of time. Alternately, a Power Good
signal from the 3.3V supply or a system reset signal accomplishes the same purpose. If
using a multi-FPGA daisy-chain configuration, use an open-drain or open-collector output
when driving PROG_B or INIT_B as multiple FPGAs are connected to the same node.
Similarly, if the Power Good signal is a 3.3V signal, remember that PROG_B is powered by
Vceaux, which must be 2.5V on Spartan-3 and Spartan-3E FPGAs and may be 2.5V or 3.3V
on Spartan-3A/3A DSP FPGAs. Add a 68Q or larger series resistor if there is a voltage
mismatch.

Spartan-3A/3AN/3A DSP and Configuration Watchdog Timer

Spartan-3A /3AN/3A DSP FPGAs include a configuration watchdog timer (CWDT) which
makes parallel Flash configuration more robust, even when the 3.3V supply is applied last.

In Master BPI mode, the CWDT ensures that the FPGA reads a valid synchronization word
from the parallel NOR Flash PROM within the first 21°-1 cycles of CCLK. The
synchronization word is part of the FPGA configuration bitstream. If the FPGA does not
find the synchronization word, the CWDT forces the FPGA to automatically restart the BPI
the configuration process. The CWDT retries to successfully configure from parallel NOR
Flash three times before failing. If the FPGA fails to configure, it then drives the INIT_B pin
Low, indicating a failure.
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Byte Peripheral Interface (BPI) Timing

Figure 5-14 provides a detailed timing diagram for the BPI configuration mode. The
specific diagram is for the Spartan-3E FPGA family, using the BPI Down mode. However,
the timing is also similar for the Spartan-3A /3AN/3A DSP FPGA families and for the BPI

Up mode.
PROG_B
(Input)
PUDC B x=gk=fk=k=KKHHT====== ®
Hﬁr\:\éﬁg XXXXW HSWAP or PUDC_B must be stable before INIT_B goes High and remain constant throughout configuration.

CSI_B §§§§§§§S
(Input) ( (this input ignored on Spartan-3A/3AN/3A DSP FPGAS)
RDWR_B
(Input) ( (this input ignored on Spartan-3A/3AN/3A DSP FPGAS)
M[2:0] Mode input pins M[2:0] are sampled when INIT_B goes High. After this point,
| .t W <0:1:1> eee inputvalues do not matter until DONE goes High, at which point the mode pins
(Input) become user-1/O pins.

Thinr > T
Pin initially pulled High by internal pull-up resistor if HSWAP or PUDC_B input is Low.

INIT_B
(Open-Drain)
Pin initially high-impedance (Hi-Z) if HSWAP or PUDC_B input is High.
LDC[2:0] ©) y\ ®

INITM

\i
~N A

HDC ;
$
CSo_B ’ New ConfigRate active
T\niTapDR Teewk , Tecikn
CCLK SN eoe .
Tcco :
A[23:0] \( OxFF_FFFF XOxFF_FFFEx (Y1) Address AddressXAddressX
B Toce > Teep
D[7:0] \/
Byte O Data Data ata
(Input) \ y Byte 1 eee Data
Shaded values indicate timing specifications for external parallel NOR Flash PROM. UG332_c5_08_111907

Figure 5-14: BPI Configuration Timing Waveform (Spartan-3E BPI Down mode shown)

The following numbered items correspond to the markers provided in Figure 5-14.

1. The M[2:0] mode pins must be set for BPI mode. Only the Spartan-3E FPGA supports
the BPI Down mode. Both Spartan-3E and Spartan-3A/3AN/3A DSP FPGAs support
BPI Up mode. See Table 5-2. The mode pin must be setup with sufficient time before
the rising edge of INIT_B.

2. On Spartan-3E FPGAs, the CSI_B select input and the RDWR_B read /write control
input must be Low before the rising edge of INIT_B. It is possible to delay the start of
BPI mode configuration by controlling when CSI_B is asserted Low. The CSI_B and
RDWR_B pins are not used for Spartan-3A/3AN/3A DSP FPGAs.
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3. The HSWAP or PUDC_B pull-up resistor control input must be setup and valid before
the rising edge of INIT_B. Similarly, the example in Figure 5-14 shows the pull-up
resistors enabled.

4. The HSWAP or PUDC_B control input defines the initial condition for the FPGA pins
that control the Flash, including LDC2, LDC1, LDC0, HDC, and CSO_B. If HSWAP or
PUDC_B =1, then these pins are floating (Hi-Z). If HSWAP or PUDC_B = 0, then these
pins have an internal pull-up resistor.

5. After the FPGA completes its internal housecleaning and allows INIT_B to go High,
the FPGA actively drives the Flash control outputs.

6. The FPGA begins driving the CCLK clock output, which controls all the timing for BPI
interface.

7. The CCLK output begins operating at its lowest frequency option. The ultimate
frequency is controlled by a bitstream option called ConfigRate.

The FPGA-generated address outputs are clocked by the falling edge of CCLK.

The initial address is held for five CCLK cycles in BPI Up mode and two CCLK cycles
in BPI Down mode. BPI Down mode is only available on Spartan-3E FPGAs.

10. In response to the address inputs provided by the FPGA, the attached PROM
asynchronously presents output data.

11. During the first 320 bits in the bitstream, the FPGA loads the ConfigRate bitstream
setting that potentially increases the CCLK output frequency of in order to reduce
configuration time.

12. Two directly-related factors control the interface timing. One factor is the PROM data
access time, typically called TACC (tAVQV) or Tpayqy in memory data sheets. The
other is the maximum CCLK frequency, controlled by the ConfigRate bitstream
generator setting. A faster PROM access time allows a higher ConfigRate setting,
resulting in a faster CCLK frequency and a correspondingly faster configuration time.
See Table 5-6, page 146.

Table 5-10 shows the timing requirements of the attached parallel Flash PROM, based on
FPGA data sheet timing values.

Table 5-10: Configuration Timing Requirements for Attached Parallel NOR Flash

Symbol Description Requirement Units

EILCE ) Parallel NOR Flash PROM chip-select time TC ES TIN ITADDR ns
ELQV.

’(TtOE ) farallel NOR Flash PROM Out'put-enable TOE S TINITADDF ns
GLQV mme

T Parallel NOR Flash PROM read access time ns

(tiigv) Taccs Tecrknming=Teco—Tpec—PCB

TeyTE For x8/x16 PROMs only: BYTE# to output I'eyreS TINITADDR ns

(tFLQV, Valid time(3)

trHQV)

Notes:

1. These requirements are for successful FPGA configuration in BPI mode, where the FPGA generates the CCLK clock signal. The
post-configuration requirements might be different, depending on the application loaded into the FPGA and the resulting clock

source.

2. Subtract additional printed circuit board routing delay as required by the application.

3. The initial BYTE# timing can be extended using an external, appropriately sized pull-down resistor on the FPGA’s LDC2 pin. The
resistor value also depends on whether the FPGA’s HSWAP or PUDC_B pin is High or Low.
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Limitations when Reprogramming via JTAG if FPGA Set for BPI

Configuration

The FPGA can always be reprogrammed via the JTAG port, regardless of the mode pin
(M[2:0]) settings. However, there is a minor limitation if using BPI mode and versions of
the ISE software prior to ISE 9.1i, Service Pack 1 (ISE 9.1.01i). The issue with prior software
releases exists for all Spartan-3A /3AN FPGA and all Spartan-3E FPGA FPGAs. The issue
is resolved using ISE 9.1i, Service Pack 1 or later. The issue does not exist for Spartan-3A
DSP FPGAs because support started in later software versions.

Using versions prior to ISE 9.1i, Service Pack 1, if the FPGA is set to configure in BPI mode
and the FPGA is attached to a parallel memory containing a valid FPGA configuration file,
then subsequent reconfigurations using the JTAG port will fail. Potential workarounds
include setting the mode pins for JTAG configuration (M[2:0] = <1:0:1>) or offsetting the
bitstream start address in Flash by 0x2000.

Spartan-3E BPI Mode Interaction with Right and Bottom Edge
Global Clock Inputs

Some of the Spartan-3E BPI mode configuration pins are shared with global clock inputs
along the right and bottom edges of the device (Bank 1 and Bank 2, respectively). These
pins are not easily reclaimable for clock inputs after configuration, especially if the FPGA
application access the parallel NOR Flash after configuration. Table 5-11 summarizes the
shared pins on Spartan-3E FPGAs. These pins are not shared connections on Spartan-
3A/3AN/3A DSP FPGAs.

Table 5-11: Spartan-3E: Shared BPI Configuration Pins and Global Buffer Input
Pins

Device Global Buffer BPI Mode

Edge Input Pin Configuration Pin
GCLKO RDWR_B
GCLK2 D2
GCLK3 D1

Bottom GCLK12 D7
GCLK13 D6
GCLK14 D4
GCLK15 D3
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Table 5-11: Spartan-3E: Shared BPI Configuration Pins and Global Buffer Input
Pins
Device Global Buffer BPI Mode
Edge Input Pin Configuration Pin
RHCLKO A10
RHCLK1 A9
RHCLK2 A8
RHCLK3 A7
Right
RHCLK4 A6
RHCLK5 Ab5
RHCLK®6 A4
RHCLK? A3
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Chapter 6

Master Parallel Mode

Master Parallel Mode is only available on the Spartan®-3 FPGA family. See the
DS099: Spartan-3 FPGA Family Data Sheet for details.

The Spartan-3A /3AN/3A DSP and Spartan-3E FPGA families do not support Master
Parallel Mode, but do support a variation described in Chapter 5, “Master BPI Mode.”
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Chapter 7

Slave Parallel (SelectMAP) Mode

When using Slave Parallel mode configuration (M[2:0] = <1:1:0>), an external host, such as
a microprocessor or microcontroller, writes byte-wide configuration data into the FPGA,
using a typical peripheral interface. The interface for Spartan®-3E and Spartan-
3A/3AN/3A DSP FPGAs appears in Figure 7-1, page 170. The interface for Spartan-3
FPGAs is similar but there a few minor differences, as shown in Figure 7-2, page 171. The
figures show optional components in gray and designated “NO LOAD”. A list of Slave
Parallel (SelectMAP) interface pins appears in Table 7-2, page 173.

An overview of Slave Parallel functions is provided in Table 7-1, page 172. The external
download host starts the configuration process by pulsing the FPGA’s PROG_B pin Low
and monitoring that the INIT_B pin returns High, indicating that the FPGA is ready to
receive its first data. The host asserts the active-Low chip-select signal (CSI_B) and the
active-Low Write signal (RDWR_B). The host then continues supplying data and clock
signals until either the FPGA’s DONE pin goes High, indicating a successful configuration,
or until the FPGA’s INIT_B pin goes Low, indicating a configuration error.

The FPGA captures data on the rising CCLK edge. On Spartan-3 and Spartan-3E FPGAs, if
the CCLK frequency exceeds 50 MHz, then the host must also monitor the FPGA’s BUSY
output. Spartan-3A/3AN/3A DSP FPGAs do not have a BUSY pin. If the FPGA asserts
BUSY High, the host must hold the data for an additional clock cycle, until BUSY returns
Low. If the CCLK frequency is 50 MHz or below, the BUSY pin may be ignored but actively
drives during configuration.

The configuration process requires more clock cycles than indicated from the configuration
bitstream size alone. Additional clocks are required during the FPGA’s start-up sequence,
especially if the FPGA is programmed to wait for selected Digital Clock Managers (DCMs)
to lock to their respective clock inputs (LCK_cycle) . See “Startup,” page 240 for additional
information.

If the Slave Parallel interface is only used to configure the FPGA, never to read data back
data from the FPGA, then the RDWR_B signal can also be removed from the interface, but
must remain Low during configuration.

After configuration, all of the interface pins except DONE and PROG_B are available as
user I/Os. Alternatively, the bidirectional SelectMAP configuration interface is available
after configuration. To continue using SelectMAP mode, set the Persist:Yes bitstream
generator option. The external host can then read and verify configuration data.

The Slave Parallel mode is also used with BPI mode to create multi-FPGA daisy chains.
The lead FPGA is set for BPI mode configuration; all the downstream daisy-chain FPGAs
are set for Slave Parallel configuration, as highlighted in Figure 5-4, page 150.
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Table 7-1: Slave Parallel (SelectMAP) Function Overview

Inputs to FPGA (D[7:0] is bidirectional)

FPGA Outputs

Function
PROG B| CSI_ B |RDWR_B| D[7:0] | BUSY | CCLK | INIT_ B | DONE
0 X X X X X X Drive PROG_B Low to reset FPGA.
FPGA initializing when INIT_B is
1 X X X X 0 0 Low after a PROG_B pulse or
initially at power-on.
FPGA ready for configuration
1 X % % % 1 0 when INIT_B returns High.
1 1 X X X 1 0 No operation when CSI_B is High.
To write configuration data to
D[7:0] FPGA, drive RDWR_B Low before
1 0 0 to FPC A 0 T 1 0 or coincident with driving CSI_B
Low. Each D[7:0] byte captured on
each rising CCLK edge.
BUSY is High, indicating that the
FPGA not ready to receive data.
1 0 0 D[7:0] 1 1 1 0 Hold current D[7:0] byte until the
to FPGA next CCLK cycle when BUSY
returns Low. BUSY not used on
Spartan-3A/3AN/3A DSP FPGAs.
1 0 Oto1l X X X X ABORT condition if RDWR_B
changes state while CSI_B is Low.
1 0 1to0s
After configuration, if the
Persist:Yes bitstream option is set,
D[7:0] the Slave Parallel (SelectMAP)
1 0 1 from 0 T 1 1 interface can be used to Readback
FPGA data from the FPGA, assuming the
security bits were not set in the
FPGA bitstream.
FPGA successfully configured
1 X X X 0 sx T X 1 eight CCLK cycles after DONE
goes High.
At the end of configuration, if
1 X X X X 0 0 INIT_B is again Low, then a
configuration CRC error occurred.
Notes:

X =don’t care

T= rising edge
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Table 7-2: Slave Parallel Mode Connections

FPGA

PCB trace is long or has multiple
connections, terminate this
output to maintain signal
integrity. See “CCLK Design
Considerations,” page 54.

Pin Name Direction Description During Configuration After Configuration

Spartan-3E: Input User I/O Pull-Up Control. When | Drive at valid logic level Spartan-3:

HSWAP Low during configuration, throughout configuration. Dedicated pin (don’t

Spartan-3A: enables pull-up resistors in all care after configuration)

Spartan-3AN I/0 pi.ns to respective I/O bank Spartan-3E

Spartan-3A DSP: Veco input. Spartan-3A

PUDC B 0: Pull-ups during configuration Spartan-3AN

- 1: No pull-ups Spartan-3A DSP:

Spartan-3: User1/0

HSWAP_EN

M[2:0] Input Mode Select. Selects the FPGA M2=1,M1=1,M0=0 User1/0

configuration mode. See “Design | Sampled when INIT_B goes
Considerations for the HSWAP, High.

M][2:0], and VS[2:0] Pins,”

page 70.

D[7:0] Input Data Input. Byte-wide data provided by User I/0. If bitstream
host. FPGA captures dataon | option Persist:Yes,
rising CCLK edge. becomes part of

SelectMap parallel
peripheral interface.

Spartan-3: Output Busy Indicator. Not required for | If CCLK frequency is less than | User I/O. If bitstream

Spartan-3E: Spartan-3A/3AN/3A DSP 50 MHz, this pin may safely be | option Persist:Yes,

BUSY FPGAs but function exists on ignored. When High, indicates | becomes part of

DOUT pin. Do not connect that the FPGA is not ready to | SelectMap parallel
DOUT to active logic during receive additional peripheral interface.
configuration. configuration data. Host must

hold data an additional clock

cycle.

Spartan-3E: Input Chip Select Input. Active Low. | Must be Low during valid data | User I/O. If bitstream

Spartan-3A cycles. option Persist:Yes,

Spartan-3AN becomes part of

Spartan-3A DSP: SelectMap parallel

CSI B peripheral interface.

Spartan-3:

CS_B

RDWR_B Input Read/Write Control. Active Low | Must be Low throughout User 1/0. If bitstream

write enable. configuration. Do not change | option Persist:Yes,
the state of RDWR_B while becomes part of
CSI_B or CS_B is asserted; SelectMap parallel
otherwise an ABORT is issued. | peripheral interface.

CCLK Input Configuration Clock. If CCLK External clock. User 1/0. If bitstream

option Persist:Yes,
becomes part of
SelectMap parallel
peripheral interface.
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Table 7-2: Slave Parallel Mode Connections (Continued)

When asserted Low for 500 ns or
longer, forces the FPGA to restart
its configuration process by
clearing configuration memory
and resetting the DONE and
INIT_B pins once PROG_B
returns High.

configuration to start.

Pin Name .FPGA Description During Configuration After Configuration
Direction
Spartan-3E: Output Chip Select Output. Active Low. | Not used in single-FPGA User I/0
Spartan-3A Not provided on Spartan-3 designs; CSO_B is pulled up,
Spartan-3AN FPGAs. not actively driving. In a
Spartan-3A DSP: Spartan-3E or Spartan-
CSO B 3A/3AN/3A DSP parallel
- daisy-chain configuration, this
pin connects to CSI_B or CS_B
input of the next FPGA in the
chain.
INIT_B Open-drain | Initialization Indicator. Active | Active during configuration. If | User I/O. If unused in
bidirectional | Low. Goes Low at the start of CRC error detected during the application, drive
1/0 configuration during the configuration, FPGA drives INIT_B High to avoid a
Initialization memory clearing INIT_B Low. floating value. See
process. Released at the end of INIT_B “After
memory clearing, when mode Configuration”.
select pins are sampled.
DONE Open-drain | FPGA Configuration Done. Low | Low indicates that the FPGA is | When High, indicates
bidirectional | during configuration. Goes High | not yet configured. that the FPGA
1I/0 when FPGA successfully successfully configured.
completes configuration.
PROG_B Input Program FPGA. Active Low. Must be High to allow Drive PROG_B Low and

release to reprogram
FPGA.

Voltage Compatibility

@ Most Slave Parallel interface signals are within the FPGA’s I/O Bank 2, supplied by the
VCCO_2 supply input. The VCCO_2 voltage can be 1.8V, 2.5V, or 3.3V to match the
requirements of the external host, ideally 2.5V. Using 1.8V or 3.3V requires additional
design considerations as the DONE and PROG_B pins are powered by the FPGA’s 2.5V
Vecaux supply. Spartan-3A /3AN/3A DSP FPGAs do not support 1.8V PROMs because of
the Spartan-3A FPGA’s Power-On Reset (POR) voltage threshold, Vccoor, shown in the
appropriate Spartan-3A /3AN/3A DSP data sheet and summarized in Table 12-1,

page 233.

See XAPP453: The 3.3V Configuration of Spartan-3 FPGAs for additional information.
Also see “]JTAG Cable Voltage Compatibility,” page 192.
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Daisy Chaining

Daisy Chaining

If the application requires multiple FPGAs with different configurations, then configure
the FPGAs using a daisy chain. Use Slave Parallel mode (M[2:0] = <1:1:0>) for all FPGAs in
the daisy chain. There are two possible topologies available, one that supports only
Spartan-3E and Spartan-3A /3AN/3A DSP FPGAs and another that works with any
modern Xilinx® FPGA, Virtex® or Spartan-Il FPGA and later.

Spartan-3E/Spartan-3A/3AN/3A DSP Slave Parallel Daisy Chains

Figure 7-3, page 175 shows a daisy-chain topology that primarily supports Spartan-3E and
Spartan-3A/3AN/3A DSP FPGAs, although the last FPGA in the chain can be from any
modern Xilinx FPGA family. It essentially leverages the BPI mode daisy-chain technique.
The upstream FPGA in the chain drives its CSO_B Low, enabling the downstream FPGA’s
CSI_B or CS_B input. Only Spartan-3E, Spartan-3A, Spartan-3AN, Spartan-3A DSP, and
Virtex-5 FPGAs have a CSO_B output. Consequently, one of these FPGAs must be the first
and intermediate FPGAs in the daisy chain.

Pull-up resistors on the CSO_B to CSI_B connect are required if the FPGAs HSWAP,
PUDC_B, HSWAP_EN or input is High, meaning that the FPGA’s internal pull-up resistors
are disabled during configuration.

D[7:0]
i i >
CCLK >
- INIT B >
- DONE >
=pp{ D[7:0] =pp{ D[7:0]
—— ——»{CSIB CSOB »{CSI B
| CcCLK | CcCLK
‘0—»| RDWR_B ‘0—»{ RDWR_B
Slave 1= M2 b 1T M2 >
Parallel | ‘17— M1 g g3 | M1 o e
Mode | «g—pl M0 INIT_B | ‘0— MO INIT_B |-
PROG B DONE |-»— PROG B DONE [-»—
: : PROG B -
First, Intermediate Last FPGA in
FPGAs Daisy Chain

Spartan-3A/3AN/3A DSP,

Spartan-3E,
Virtex-5 FPGAs

Any Xilinx FPGA

UG332_c7_03_040107

Figure 7-3: Slave Parallel Daisy Chain for Spartan-3E/Spartan-3A/3AN/3A DSP FPGAs
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Slave Parallel Daisy Chains Using Any Modern Xilinx FPGA Family

Figure 7-4, page 176 describes an alternate Slave Parallel daisy-chain scheme that supports
any modern Xilinx FPGA family, including all Spartan-3 generation FPGAs. The topology
is similar to that shown in Figure 7-3, page 175 except that each FPGA has a separate CSI_B
or CS_B chip-select input.

D[7:0]
FPGA SEL1
FPGA_SELO
CCLK >
RDWR B >
- INIT B >
DONE
- © -
=| D[7:0] =p| D[7:0]
L »icsiB L »icsI B
—— | CCLK —— ] CCLK
L »|RDWR B L »|RDWR B
Slave 1T M2 L ‘1 M2 L
Parallel | ‘1—p| M1 & & ‘12— M1 & &
Mode | «g—p Mo INIT_B | ‘0—» MO INIT_B |
PROG_B DONE |»— PROG_B DONE [»—
)| PROG_B >
First, Intermediate Last FPGA in
FPGAs Daisy Chain
Any Xilinx FPGA Any Xilinx FPGA UG332_c7_c4_120106

Figure 7-4: Slave Parallel Daisy Chain Using Any Modern Xilinx FPGA

SelectMAP Data Loading

CSI_B

The SelectMAP interface provides for either continuous or non-continuous data loading.
Data loading is controlled by the FPGA’s CSI_B, RDWR_B, CCLK, and BUSY signals.
Spartan-3A/3AN/3A DSP FPGAs do not have a BUSY signal.

The active-Low chip-select input (CSI_B) enables the SelectMAP interface. When CSI_B is
High, the FPGA ignores the SelectMAP interface. The data port and BUSY output pin are
high-impedance (Hi-Z).

If only one device is being configured through the SelectMAP and readback is not
required, or if ganged SelectMAP configuration is used, connect the CSI_B signal to GND.

176

www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

SXILINX®

Continuous SelectMAP Data Loading

RDWR B

CCLK

BUSY

The RDWR_B input controls whether the SelectMAP data pins are inputs or outputs.

e  When RDWR_B =0, the D[7:0] data pins are inputs (writing to the FPGA).
e  When RDWR_B = 1, the D[7:0] data pins are outputs (reading from the FPGA).

When writing configuration data to the FPGA, the RDWR_B pin must be Low. When
reading back configuration information from the FPGA, the RDWR_B pin must be High,
while CSI_B is deasserted.

Changing the value of RDWR_B while CSI_B is Low triggers an ABORT if the FPGA
receives a rising edge on CCLK (see “SelectMAP ABORT,” page 180). If Readback is not
used, RDWR_B can be tied to ground or used for debugging with SelectMAP ABORT.

The RDWR_B signal is ignored while CSI_B is High. Read /write control (three-state
control) of the D[7:0] data pins is asynchronous. The FPGA actively drives SelectMAP data.

All activity on the SelectMAP data bus is synchronous to CCLK. When writing
configuration data to the FPGA, RDWR_B is Low and the FPGA samples the data on rising
CCLK edges. When RDWR_B is set for read control (RDWR_B = 1, Readback), the FPGA
updates the SelectMAP data pins on rising CCLK edges.

Configuration can be paused by pausing CCLK as outlined in “Non-Continuous
SelectMAP Data Loading,” page 179.

If the system writes data to or reads data from the FPGA at less than 50 MHz, then the
BUSY pin can be left unconnected. Spartan-3A /3AN/3A DSP FPGAs do not require a
BUSY pin but have the same functionality on the DOUT pin.

BUSY is an output indicating when the device is ready to receive configuration data or
drive Readback data.

e  When BUSY = 0, the FPGA is ready to receive or send data, depending on the
operation.

e  When BUSY =1, the FPGA is not ready to receive or send data. If writing to the FPGA,
hold the current data value until BUSY returns Low.

When CSI_B is deasserted (CSI_B = 1), the BUSY pin is in a high-impedance (Hi-Z) state.

BUSY remains in a Hi-Z state until CSI_B is asserted. If CSI_B is asserted before power-up
— for example, if the pin is tied to GND —BUSY initially is in a Hi-Z state, then drives Low
after the Power-On Reset is released.

Continuous SelectMAP Data Loading

Continuous data loading occurs when the external processor or controller provides an
uninterrupted stream of configuration data to the FPGA. After power-up, the controller
asserts RDWR_B = 0 to write data to the FPGA and asserts CSI_B = 0 to select the FPGA.
This action causes the FPGA to drive BUSY Low, which is an asynchronous transition.
Drive the FPGA’s RDWR_B pin Low before or coincident with asserting CSI_B Low,
otherwise an ABORT occurs, described in “SelectMAP ABORT,” page 180.
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On the next rising CCLK edge, the FPGA begins sampling the D[7:0] data pins. Actual
FPGA configuration begins after the FPGA recognizes the synchronization word, as
described in “Synchronization,” page 236.

After the configuration bitstream is loaded, the device enters the Startup sequence. The
FPGA asserts its DONE signal High in the Startup phase specified by the DONE_cycle
bitstream option. See “Startup,” page 240. The processor or controller must continue
sending CCLK pulses until after the Startup sequence successfully completes, which
requires several CCLK pulses after DONE goes High.

After configuration, the CSI_B and RDWR_B signals can be deasserted, or they can remain
asserted. Because the SelectMAP port is inactive, toggling RDWR_B at this time does not
cause an ABORT event. Figure 7-5 summarizes the timing of SelectMAP configuration
with continuous data loading.

PROG_B \ / o
INIT_B _\_/

@ ® @
CSI_B \ /
@ ® @
RDWR_B \ [/
O @
DATA[7:0] / /X Byte OX Byte 1X:-:X Byte nX:-ZX/

BUSY @ @

High-Z \ A\

®)
DONE /—

UG332_c7_05_081006

Figure 7-5: SelectMAP Continuous Data Loading

The following numbered items correspond to the markers provided in Figure 7-5.

1. CSI_Bsignal can be tied Low if there is only one device on the SelectMAP bus. If CSI_B
is not tied Low;, it can be asserted at any time.

2. RDWR_B can be tied Low if readback is not needed. RDWR_B should not be toggled
after CSI_B has been asserted because this triggers an ABORT. See “SelectMAP
ABORT,” page 180.

3. If CSI_Bis tied Low, BUSY drives Low before INIT_B returns High.

4. The FPGA samples the M[2:0] mode-select pins when INIT_B goes High.

5. Assert RDWR_B before CSI_B to avoid causing an abort.

6. CSI_B is asserted, enabling the SelectMAP interface.

7. BUSY (Spartan-3/3E only) remains in High-Z state until CSI_B is asserted.

8. The first D[7:0] byte is loaded on the first rising CCLK edge after CSI_B is asserted.
9. The configuration bitstream is loaded one byte per rising CCLK edge.

10. After the last byte is loaded, the FPGA enters the Startup sequence.

11. The startup sequence lasts a minimum of eight CCLK cycles.
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12. The DONE pin goes High during the startup sequence. Additional CCLK cycles can be
required to complete the startup sequence. See “Startup,” page 240.

13. After configuration has finished, the CSI_B signal can be deasserted.
14. After the CSI_B signal is deasserted, RDWR_B can be deasserted.

Non-Continuous SelectMAP Data Loading

Non-continuous data loading is used in applications where the processor or controller
cannot provide an uninterrupted stream of configuration data. This may occur, for
example, if the controller pauses configuration while it fetches additional data, switches to
another task, or services an interrupt.

There are two methods to throttle or pause the configuration data throughput in the
Spartan-3 and Spartan-3E FPGAs. Only the second method is supported in the Spartan-3A,
Spartan-3AN, and Spartan-3A DSP FPGAs.

1. Deassert the CSI_B signal with a free-running CCLK, shown in Figure 7-6 and
described in “Deasserting CSI_B,” page 179.

2. Pause CCLK, shown in Figure 7-7 and described in “Pausing CCLK,” page 180.

Deasserting CSI_B

Note: This method is only supported in the Spartan-3 and Spartan-3E FPGAs. It is not supported in
the Spartan-3A, Spartan-3AN, and Spartan-3A DSP FPGAs, which should instead use the “Pausing
CCLK” method.

PROG_B \ /

ontatr:o TN x x x x x x )C

RDWR_B
BUSYH—/H@T\ [righz \

Figure 7-6: SelectMAP Non-Continuous Data Loading with Controlled CSI_B

UG332_c7_06_040207

The following numbered items correspond to the markers provided in Figure 7-6.

1. The external processor drives RDWR_B Low, setting the FPGA’s D[7:0] pins as inputs
for configuration. The RDWR_B input can be tied Low if Readback is not used in the
application. RDWR_B should not be toggled after CSI_B has been asserted because this
triggers an ABORT, described in “SelectMAP ABORT,” page 180.

2. The FPGA is ready for configuration after INIT_B returns High.
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The processor asserts CSI_B Low, enabling the SelectMAP interface. The CSI_B input
can be tied Low if there is only one device on the SelectMAP bus. If CSI_B is not tied
Low, it can be asserted at any time.

BUSY goes Low shortly after CSI_B is asserted. If CSI_B is tied Low, BUSY is driven
Low before INIT_B returns High.

A D[7:0] data byte is loaded on the rising CCLK edge.
A D[7:0] data byte is loaded on the rising CCLK edge.
The processor deasserts CSI_B, and the data on D[7:0] is ignored.
The processor deasserts CSI_B, and the data on D[7:0] is ignored.
A D[7:0] data byte is loaded on the rising CCLK edge.

. A D[7:0] data byte is loaded on the rising CCLK edge.
. The processor deasserts CSI_B, and the data on D[7:0] is ignored
. A D[7:0] data byte is loaded on the rising CCLK edge.
. A D[7:0] data byte is loaded on the rising CCLK edge.
. A D[7:0] data byte is loaded on the rising CCLK edge.

Pausing CCLK

rowr B \ / \ / ;

DATA[7:0] /X Byté oX /X Byte; 1 X/ XByte; n X

CCLK \ / \ / \ /
o) ! f

CSIB \

@

' UG332_c7_07_081106

Figure 7-7: Non-Continuous SelectMAP Data Loading with Controlled CCLK

The following numbered items correspond to the markers provided in Figure 7-7.

1.
2.
3.

The D[7:0] data pins are high-impedance (Hi-Z) while CSI_B is deasserted.
RDWR_B has no effect on the device while CSI_B is deasserted.

CSI_B is asserted by the processor. The FPGA captures configuration data on rising
CCLK edges.

A D[7:0] data byte is loaded on the rising CCLK edge.
A D[7:0] data byte is loaded on the rising CCLK edge.
A D[7:0] data byte is loaded on the rising CCLK edge.

SelectMAP ABORT

An ABORT is an interruption in the SelectMAP configuration process or in the Readback
sequence that occurs if the RDWR_B pin changes state while CSI_B is asserted Low.
During a configuration ABORT, the FPGA drives internal status information onto the
DI[7:4] pins over the next four CCLK cycles. The other data pins, D[3:0] remain High. After
the ABORT sequence finishes, the processor that is downloading the FPGA must
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resynchronize the configuration logic before resuming configuration. For applications that
must deassert RDWR_B between bytes use the method described in “Pausing CCLK,”
page 180.

Configuration Abort Sequence Description

An ABORT is signaled during configuration as shown in Figure 7-8.

s T\ S S B N
ROWR B / I I I I

DATA[7:0] X X STATUS X X X

I i i —

ABORT UG332_c7_08_081106

BUSY =—

Figure 7-8: Configuration Abort Sequence

The configuration sequence begins normally.

2. The processor changes the value on the RDWR_B pin while the FPGA is still selected;
CSI_B is Low.

3. BUSY goes High if CSI_B remains asserted Low. The FPGA drives the status word onto
the data pins if RDWR_B is High, reading data from the FPGA. The Status value is not
presented by the FPGA if RDWR_B is Low.

4. The ABORT lasts for four clock cycles, and Status is updated.

Readback Abort Sequence Description
An ABORT is signaled during readback as shown in Figure 7-9.
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e T\ L\
CSI_B_\ /

RDWR_B

pATA[7:0] X FPGA X

f |

UG332_c7_09_081106

/

: ABORT

BUSY —

Figure 7-9: Readback Abort Sequence

1. The readback sequence begins normally.
The processor changes the RDWR_B pin while the FPGA is still selected; CSI_B is Low.

BUSY (Spartan-3/3E only) goes High if CSI_B remains asserted Low. The FPGA drives
the status word onto the data pins if RDWR_B is High, reading data from the FPGA.
The Status value is not presented by the FPGA if RDWR_B is Low.

ABORT operations during Readback typically are not followed by a status word because
the RDWR_B signal will be Low, causing the ABORT. When RDWR_B is Low, the
processor is writing to the FPGA and the FPGA’s D[7:0] pins are inputs. The FPGA cannot
present the Status value.

ABORT Status Word

During the configuration ABORT sequence, the FPGA presents a status word onto the
DI[7:4] pins. The other data pins, D[3:0], are all High. The key for that status word is given
in Table 7-3.
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Table 7-3: ABORT Status Word

Bit Number | Status Bit Name Meaning

D7 CFGERR_B Configuration Error, active Low
0 = A configuration error has occurred.

1 = No configuration error.

D6 DALIGN Synchronization Word Received
0 = No synchronization word received.
1 = Synchronization word received.
D5 RIP Readback In Progress

0 = No readback in progress.

1 = A readback is in progress.

D4 IN_ABORT_B ABORT in progress, active Low
0 = Abort is in progress.

1 = No abort in progress.

1111 (all High)

D[3:0] N/A

The ABORT sequence lasts four CCLK cycles. During those cycles, the status word changes
to reflect data alignment and ABORT status. An example ABORT sequence appears in
Table 7-4.

Table 7-4: Example ABORT Sequence

D[7:0] from D7 D6 D5 D4 D[3:0]

FPGA CFGERR B | DALIGN RIP IN_ABORT B N/A
11011111 1 1 0 1 1111
11001111 1 1 0 0 1111
10001111 1 0 0 0 1111
10011111 1 0 0 1 1111

After the last cycle, the synchronization word can be reloaded to establish data alignment.

Resuming Configuration or Readback After an Abort

There are two ways to resume configuration or readback after an ABORT:

1. The FPGA can be resynchronized after the ABORT completes by resending the
configuration synchronization word. See Table 12-3, page 236.

2. Reset the FPGA by pulsing PROG_B Low at any time.

To resynchronize the device, CSI_B must first be deasserted then reasserted. To resume
configuration or readback, resend the last configuration or readback packet that was in
progress when the ABORT occurred. Alternatively, restart configuration or readback from
the beginning.
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Persist

Generally, the FPGA'’s dual-purpose configuration pins become user-1/0 pins after
configuration. The SelectMAP configuration port can be maintained after configuration by
setting the bitstream generation option Persist:Yes or by selecting “Allow Select MAP Pins to
Persist” in the Project Navigator. Allowing the configuration port to persist enables
readback or reconfiguration through the external configuration pins.

The pins that retain their configuration function when Persist:Yes is selected appear in
Table 7-5. These pins become disconnected from the user design when Persist is used and
therefore cannot be used by the design.

Table 7-5: Pins Affected by Persist

Pin Name FPGA Families Description
) Spartan-3, Spartan-3E, Spartan-3A, Spartan-3AN,
M][2:0] Spartan-3A DSP Mode Select
CCLK Spartan-3E, Spartan-3A, Spartan-3AN, Configuration Clock
Spartan-3A DSP (Dedicated in Spartan-3)
Spartan-3, Spartan-3E, Spartan-3A, Spartan-3AN, e e .
INIT_B Spartan-3A DSP Initialization
Spartan-3E, Spartan-3A, Spartan-3AN,
CSLB Spartan-3A DSP
partan- Chip Select, Active-Low
CS_B Spartan-3
Spartan-3, Spartan-3E, Spartan-3A, Spartan-3AN, .
RDWR_B Spartan-3A DSP Read /Write
BUSY Spartan-3, Spartan-3E FPGA Busy Indicator
. Spartan-3, Spartan-3E, Spartan-3A, Spartan-3AN,
DI7:0] Spartan-3A DSP Data
A[23:20] Spartan-3E H1ghest—o1jder Address
Lines

When Persist:Yes is selected, the post-configuration CRC checker in the Spartan-3A,
Spartan-3AN, and Spartan-3A DSP FPGAs is clocked by CCLK.

SelectMAP Reconfiguration

The term reconfiguration refers to reprogramming an FPGA after its DONE pin has gone
High, which is distinctly different than programming the FPGA immediately after power
is applied. To reconfigure the FPGA, pulse the PROG_B pin Low, which is identical to
configuration, or reconfigure by resynchronizing the FPGA and sending configuration
data.

Generally, the FPGA'’s SelectMAP pins become user-I/O pins after configuration, because
the Persist:No bitstream option is set by default. To reconfigure a device in SelectMAP
mode without pulsing PROG_B, set the bitstream option Persist:Yes, which reserves the
Slave Parallel (SelectMAP) interface pins after configuration, preventing them from
becoming user-I/O pins.

Reconfigure the FPGA by clocking the appropriate synchronization word, shown in
Table 12-3, page 236, into the SelectMAP port. The remainder of the operation is identical
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to configuration as described above. The devices support full reconfiguration through the
SelectMAP port.

SelectMAP Data Ordering

On Spartan-3 generation FPGAs, by Xilinx convention, data bit D0 is the most-significant
bit (msb) and bit D7 is the least-significant bit (Isb). However, this convention varies
between vendors and can be especially confusing when the FPGA uses one convention
and the attached processor downloading configuration data to the FPGA uses the opposite
convention! Consequently, it is crucial to understand how the data ordering in the
configuration data file corresponds to the data ordering expected by the FPGA.

In SelectM AP, the byte-wide configuration data is loaded one byte per CCLK, with the
most-significant bit of each byte presented to the FPGA’s DO data pin.

Table 7-6 provides an example of how the FPGA would like to see the hexadecimal value
0xABCD presented on the SelectMAP data bus. Note how the bits within each byte need to
be reversed.

Table 7-6: Bit Ordering for SelectMAP 8-Bit Mode

CCLK Hex D7 D6 | D5 D4 D3 D2 | DI | DO
Cycle |Equivalent
1 0xAB 1 1 0 1 0 1 0 1
2 0xCD 1 0 1 1 0 0 1 1
Notes:

1. D[0:7] represent the SelectMAP DATA pins.

Some applications can accommodate the non-conventional data ordering without much
difficulty. For other applications, it may be more convenient to store the source
configuration data file with the data bits already bit-swapped, meaning that the bits in
each byte of the data stream are reversed. The Xilinx PROM file generation software
provides the option to generate bit-swapped PROM files.

Byte Swapping

The .ntTs, .exo, and .t ek PROM file formats are byte-swapped unless the -spi option is
used. The .hex file format can be byte-swapped or not byte-swapped, depending on user
options. The bitstream files (.bi t, .r bt , .bi n) are never byte-swapped.

The .hex file format contains only configuration data. The other PROM file formats
include address and checksum information that should not be sent to the FPGA. The
address and checksum information is used by some third-party device programmers, but
is not programmed into the PROM.

Figure 7-10 shows how two bytes of data (OXABCD) are byte-swapped.
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Hex: A B C D

gg[[eacg\i/'n'épDOD1D2D3D4D5D6D7DOD1D2D3D4D5D6D7

Binary: 10 1 0|1 0 1 1|1 _1 0 0|1 1 0 1

Byte-
Swapped 1 1 0 1 1 0 11 0 1 1 0 1 1
Binary:

SelectMAP
Data Pin:

Byte-
ng:pped D S B 3

Hex: ug071_30_120903

D7 D6 D5 D4|D3 D2 D1 DO|(D7 D6 D5 D4|D3 D2 D1 DO

Figure 7-10: Byte Swapping Example
The MSB of each byte goes to the DO pin regardless of the orientation of the data:

e In the byte-swapped version of the data, the bit that goes to DO is the rightmost bit
¢ In the non-byte-swapped data, the bit that goes to DO is the leftmost bit.
Whether or not data must be byte-swapped is entirely application-dependent, and is only

applicable for SelectMAP configuration applications. Non-byte-swapped data should be
used for SPI and Slave serial downloads.
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Slave Serial Mode

In Slave Serial mode (M[2:0] = <1:1:1>), an external host such as a microprocessor or
microcontroller writes serial configuration data into the FPGA, using the synchronous
serial interface shown in Figure 8-1. The figure shows optional components in gray. The
serial configuration data is presented on the FPGA’s DIN input pin with sufficient setup
time before each rising edge of the externally generated CCLK clock input.

The intelligent host starts the configuration process by pulsing PROG_B and monitoring
that the INIT_B pin goes High, indicating that the FPGA is ready to receive its first data.
The host then continues supplying data and clock signals until either the DONE pin goes
High, indicating a successful configuration, or until the INIT_B pin goes Low, indicating a
configuration error. The configuration process requires more clock cycles than indicated
from the configuration file size. Additional clocks are required during the FPGA’s start-up
sequence, especially if the FPGA is programmed to wait for selected Digital Clock
Managers (DCMs) to lock to their respective clock inputs (see “Startup,” page 240).
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Intelligent

Download Host

Configuration
Memory
Source

e Internal memory
e Disk drive

e Over network

e Over RF link

+1.2V
VCCINT
@» HSWAP VCCO 0 |- vcco o
S VCCO 2 4@
Serial @
Mode
‘10— M2
® ‘17— M1 o
EallD 9¢ =2
Y XILINX ~
vCC Spartan-3E
CLOCK > CCLK  FPGA
SERIAL_OUT = DIN DOUT |
PROG_B (—»— INIT_B
DONE VCCAUX |-— +2.5V
GND »| TMS
- - TCK
- +2.5V
e Microcontroller
® Processor PROG_B DONE [—#
e Tester
e Computer GND % g
J__ MY <
PROG_B s
Recommend
open-drain
driver
+2.5V
JTAG
DI}
™SO
TCK|O
TDO O‘ DS312-2_54_022305

Figure 8-1: Slave Serial Configuration

The mode select pins, M[2:0], are sampled when the FPGA’s INIT_B output goes High and
must be at defined logic levels during this time. After configuration, when the FPGA’s
DONE output goes High, the mode pins are available as full-featured user-1/O pins.

Similarly, the FPGA’s HSWAP (PUDC_B) pin must be Low to enable pull-up resistors
on all user-1/0O pins or High to disable the pull-up resistors. The HSWAP (PUDC_B)
control must remain at a constant logic level throughout FPGA configuration. After
configuration, when the FPGA’s DONE output goes High, the HSWAP (PUDC_B) pin is
available as full-featured user-1/0O pin and is powered by the VCCO_0 supply.
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Voltage Compatibility

@ Most Slave Serial interface signals are within the FPGA’s I/O Bank 2, supplied by the
VCCO_2 supply input. The VCCO_2 voltage can be 3.3V, 2.5V, or 1.8V to match the
requirements of the external host, ideally 2.5V. Using 3.3V or 1.8V requires additional
design considerations as the DONE and PROG_B pins are powered by the FPGA’s 2.5V
Veeaux supply. Spartan-3A /3AN/3A DSP FPGAs do not support 1.8V PROMs because of
the Spartan-3A FPGA’s Power-On Reset (POR) voltage threshold, Vco,1, shown in the
appropriate Spartan-3A /3AN/3A DSP data sheet and summarized in Table 12-1,

page 233.

See XAPP453: The 3.3V Configuration of Spartan®-3 FPGAs for additional information.

Daisy Chaining

If the application requires multiple FPGAs with different configurations, then configure
the FPGAs using a serial daisy chain, as shown in Figure 1-3, page 30. Use Slave Serial
mode (M[2:0] = <1:1:1>) for all FPGAs in the daisy chain. After the lead FPGA is filled with
its configuration data, the lead FPGA passes configuration data via its DOUT output pin to
the next FPGA on the falling CCLK edge.
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Table 8-1: Slave Serial Mode Connections

Pin Name .FPGA Description During Configuration After Configuration
Direction
HSWAP_EN, Input User I/O Pull-Up Control. When | Drive at valid logic level Spartan-3:
HSWAP, or Low during configuration, enables | throughout configuration. Dedicated pin (don’t
PUDC_B pull-up resistors in all I/O pins to care after
respective I/O bank V(g input. configuration)
0: Pull-up during configuration Spartan-3E
1: No pull-ups Spartan-3A
Spartan-3AN
Spartan-3A DSP:
UserI/0
M][2:0] Input Mode Select. Selects the FPGA M2=1,M1=1,M0=1 UserI/0O
configuration mode. See “Design | Sampled when INIT_B goes
Considerations for the HSWAP, High.
M][2:0], and VS[2:0] Pins,” page 70.
DIN Input Data Input. Serial data provided by host. | User I/O
FPGA captures data on rising
CCLK edge.
CCLK Input Configuration Clock. If CCLK External clock. User1/0
PCB trace is long or has multiple
connections, terminate this output
to maintain signal integrity. See
“CCLK Design Considerations,”
page 54.
INIT_B Open-drain | Initialization Indicator. Active Active during configuration. | User I/0O. If unused in
bidirectional | Low. Goes Low at start of If CRC error detected during the application, drive
1/0 configuration during Initialization | configuration, FPGA drives INIT_B High toavoid a
memory clearing process. INIT_B Low. floating value. See
Released at end of memory INIT_B “After
clearing, when mode select pins Configuration”.
are sampled.
DONE Open-drain | FPGA Configuration Done. Low | Low indicates that the FPGA | Pulled High via
bidirectional | during configuration. Goes High | is not yet configured. external pull-up. When
1I/0 when FPGA successfully High, indicates that the
completes configuration FPGA successfully
configured.
PROG_B Input Program FPGA. Active Low. Must be High to allow Drive PROG_B Low
When asserted Low for 500 ns or | configuration to start. and release to
longer (300 ns in the Spartan-3 reprogram FPGA.
FPGAs), forces the FPGA to restart
its configuration process by
clearing configuration memory
and resetting the DONE and
INIT_B pins once PROG_B returns
High. R
190 www.xilinx.com Spartan-3 Generation Configuration User Guide

UG332 (v1.4) July 1, 2008


http://www.xilinx.com

SXILINX®

Chapter 9

JTAG Configuration Mode and
Boundary-Scan

Spartan®-3 generation FPGAs have a dedicated four-wire IEEE 1149.1/1532 JTAG port that
is always available any time the FPGA is powered and regardless of the mode pin settings.
However, when the FPGA mode pins are set for JTAG mode (M[2:0] = <1:0:1>), the FPGA
waits to be configured via the JTAG port after a power-on event or after PROG_B is pulsed
Low. Selecting the JTAG mode simply disables the other configuration modes. No other
pins are required as part of the configuration interface. See “Mode Pin Considerations
when Programming a Spartan-3AN FPGA via JTAG using iMPACT” for special mode pin
requirements.

Figure 9-1 illustrates a JTAG-only configuration interface. The figure shows optional
components in gray. The JTAG interface is easily cascaded to any number of FPGAs by
connecting the TDO output of one device to the TDI input of the next device in the chain.
The TDO output of the last device in the chain loops back to the port connector.

+1.2V +1.2V
\ A
VCCINT VCCINT
®i> HSAEF  veco_ o e veeo o ®i> HSAEs  veco_o e veeo o
VCCO_2 |« VvCCO 2 VCCO_2 | VCCO 2
TAG ‘T —{ M2 TAG ‘T —{ M2
Mode | O —*{ M1 Mode | O —*{ M1
S SIXILINX S SIXILINK
@ Spartan-3E/3A FPGA Spartan-3E/3A FPGA
EA:-LI&E:I- VCCAUX j— VCCAUX VCCAUX j— VCCAUX
S IS AMA—3] TMS —AWEe TVS
Ielle o™= M3 TCK —AWEB] TCK
%2 TDO
Sofls o= AN—3] TDI TDO »| DI DO
ZE]|ls a||ne PROG_B DONE > »| PROG B DONE >
< =11 e GND GND
z = T
PROGRAM *
_$ = Dedicated internal pull-up resistor
UG332_c9_01_120106
Figure 9-1: JTAG Configuration Interface
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JTAG Cable Voltage Compatibility

The FPGA’s JTAG interface is powered by the V-caux supply. All of the user I/Os are
separately powered by their respective VCCO_# supplies.

The voltage supplied to the JTAG programming cable, shown as VREF in Figure 9-1, may
be different than the Vcaux supply. If the JTAG and Vcapx voltages are the same,
simply connect the FPGA directly to the JTAG programming socket or use 0 resistors, as
shown in Table 9-1. For Spartan-3AN FPGAs, Vcayx must be 3.3V. For Spartan-3A and
Spartan-3A DSP FPGAs, Vcaux can optionally be set to 3.3V.

The interface becomes a bit more complex if the JTAG voltage is different than the FPGA’s
Vceaux voltage because current-limiting resistors are required. If the JTAG cable interface
needs to be 3.3V to support devices in the JTAG chain, then place a series resistor between
the 3.3V interface and the TDI, TMS, and TCK pins on the FPGA, as indicated in Table 9-1.
The FPGA’s TDO pin is a CMOS output powered by the Vocayx supply. Even when
Vecaux = 2.5V, the TDO output can directly drive a 3.3V, input but with reduced noise
immunity. See XAPP453: The 3.3V Configuration of Spartan-3 FPGAs for additional
information.

Table 9-1: JTAG Cable Interface and Current-Limiting Resistor Requirements

JTAG Connector | FPGA Vccaux
Supply Voltage | Supply Voltage

Current-Limiting Resistors

2.5V 2.5V None required or 0-ohm. Both voltages are identical
3.3V 2.5V Use current-limiting resistors of 68Q or larger.
3.3V 3.3V None required or 0-ohm. Both voltages are identical

JTAG Device ID

JTAG User ID

Each Spartan-3 generation FPGA array type has a 32-bit device-specific JTAG device
identifier as shown in Table 12-4, page 238. The lower 28 bits represent the device vendor
(Xilinx) and device identifier. The upper four bits, ignored by most tools, represent the
revision level of the silicon mounted on the printed circuit board.

The Spartan-3 generation JTAG interface provides the option to store a 32-bit User ID,
loaded during configuration. The User ID value is specified via the UserID configuration
bitstream option, shown in Table 11-2, page 224 or in Step 11, Figure 1-7, page 41 from the
ISE® Project Navigator software.

The user ID provides a convenient means to store an identifier or revision code for the
FPGA bitstream loaded into the FPGA. This is different than the Device DNA identifier,
which is unique to a specific Spartan-3A /3AN/3A DSP FPGA, not the bitstream, and
permanently factory-programmed in the FPGA.

Using JTAG Interface to Communicate to a Configured FPGA

Design

After the FPGA is configured, using any of the available modes, the JTAG interface offers a
possible communications channel to internal FPGA logic. The “Boundary-Scan (BSCAN),”
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page 245, design primitive provides two private JTAG instructions to create an internal
boundary scan chain.

Boundary-Scan for Spartan-3 Generation FPGAs Using IEEE

Standard 1149.1

Spartan-3 generation FPGAs are fully compliant with the IEEE Standard 1149.1 Test Access
Port and Boundary-Scan Architecture. The architecture, outlined in Figure 9-2, includes all
mandatory elements defined in the IEEE 1149.1 Standard. These elements include the Test
Access Port (TAP), the TAP controller, the Instruction register, the instruction decoder, the
Boundary-Scan register, and the BYPASS register. Spartan-3 generation FPGAs also
support a 32-bit Identification register in full compliance with the standard. Outlined in

the following sections are the details of the JTAG architecture for Spartan-3 generation

FPGAs.
IEEE Standard 1149.1 Compliant Device
TAP State Machine
El l Test-Logic-Reset}
I_—‘O
Select Next State [ Run-Test/Idle ]L—> Select-DR '—'1 Select-IR ’J
TMS > 0 [ ¢0 [ ¢0
1 Capture-DR] 1 Caplure-IR]
[— == Shift-IR/Shift-DR
s(Cshiror_Jo | 5(Cshirr ] - -
+1 41
[ Exitl-DR [ Exitl-IR
10 R0
I_O{ Pause-DR ] I_O{ Pause-IR ]
11 11
[ Exit2-DR [ Exit2-IR
11 11
TCK > 4—1[ UpdateO-DR] 1 Update-IR ]
. °
TDI p Instruction Register
I T I
/ Select Data

\Instruction Decoder / Register

T
[ [ weobEmaRegser |

Boundary-Scan[n] Register

I N

Figure 9-2: Typical JTAG (IEEE 1149.1) Architecture

p TDO

/0| |l/O] |I/O I/0
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Test Access Port (TAP)

The Spartan-3 generation TAP contains four mandatory dedicated pins as specified by the
protocol given in Table 3-1 and illustrated in Figure 3-1, a typical JTAG architecture. Three
input pins and one output pin control the 1149.1 Boundary-Scan TAP controller. Optional
control pins, such as TRST (Test Reset) and enable pins might be found on devices from
other manufacturers. It is important to be aware of these optional signals when interfacing
Xilinx® devices with parts from different vendors because they might need to be driven.

The TAP controller is a state machine (16 states) shown in Figure 9-3 and described in
Table 9-2. The four mandatory TAP pins are outlined in Table 9-3.

A transition between the states only occurs on the rising edge of TCK, and each state has a
different name. The two vertical columns with seven states each represent the Instruction
Path and the Data Path. The data registers operate in the states whose names end with
"DR" and the instruction register operates in the states whose names end in "IR". The states
are otherwise identical.

1 qTEST-LOGIC-RESET}

UPDATE-DR |« UPDATE-IR |«
vl 0 v 1 0

UG332_C9_03_080906

Figure 9-3: Test Access Port (TAP) State Machine

Table 9-2: TAP Controller States

State

Description

TEST-LOGIC-RESET

All JTAG logic is disabled, enabling the normal operation of the FPGA. No matter what the
initial state of the controller is, the Test-Logic-Reset state can be entered by holding TMS High
and pulsing TCK five times. This is why the Test Reset (TRST) pin is optional.

RUN-TEST/IDLE

The JTAG logic is active only if certain instructions are present. For example, if an instruction
activates the self test, then it is executed when the controller enters this state. The JTAG logic is
idle otherwise.

SELECT-DR-SCAN

Controls whether to enter the Data Path or the SELECT-IR-SCAN state.
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Table 9-2: TAP Controller States

State Description
SELECT-IR-SCAN | Controls whether or not to enter the Instruction Path. The Controller can return to the TEST-
LOGIC-RESET state otherwise.
CAPTURE-IR The shift register bank in the Instruction Register parallel loads a pattern of fixed values on the
rising edge of TCK. The last two significant bits must always be "01".

SHIFT-IR The Instruction Register gets connected between TDI and TDO, and the captured pattern gets
shifted on each rising edge of TCK. The instruction available on the TDI pin is also shifted in to
the Instruction Register.

EXIT1-IR Controls whether to enter the PAUSE-IR state or UPDATE-IR state.

PAUSE-IR Allows the shifting of the Instruction Register to be temporarily halted.

EXIT2-DR Controls whether to enter either the SHIFI-IR state or UPDATE-IR state.

UPDATE-IR The instruction in the Instruction Register is latched to the latch bank of the Instruction Register
on every falling edge of TCK. This instruction becomes the current instruction once it is latched.
CAPTURE-DR The data is parallel-loaded into the data registers selected by the current instruction on the rising
edge of TCK.
SHIFT-DR These controller states are similar to the SHIFT-IR, EXIT1-IR, PAUSE-IR, EXIT2-IR and
UPDATE-IR states in the Instruction path.
EXIT1-DR
PAUSE-DR
EXIT2-DR
UPDATE-DR

Table 9-3: Spartan-3 Generation TAP Controller Pins

Pin Description

TDI Test Data In. This pin is the serial input to all JTAG instruction and data
registers. The state of the TAP controller and the current instruction determine
the register that is fed by the TDI pin for a specific operation. TDI has an
internal resistive pull-up to provide a logic High to the system if the pin is not
driven. TDI is applied into the JTAG registers on the rising edge of TCK.

TDO Test Data Out. This pin is the serial output for all JTAG instruction and data
registers. The state of the TAP controller and the current instruction determine
the register (instruction or data) that feeds TDO for a specific operation. TDO
changes state on the falling edge of TCK and is only active during the shifting
of instructions or data through the device. TDO is an active driver output.

TMS Test Mode Select. This pin determines the sequence of states through the TAP
controller on the rising edge of TCK. TMS has an internal resistive pull-up to
provide a logic High if the pin is not driven.

TCK Test Clock. TCK sequences the TAP controller and the JTAG registers.

Notes:

1. 1.As specified by the IEEE Standard, the TMS and TDI pins both have internal pull-up resistors. These
internal pull-up resistors of are active before configuration, regardless of the mode selected. See
Table 2-13, page 61 for resistor values. After configuration, these resistors are controlled by the TmsPin
and TdiPin bitstream generator option settings, shown in Table 11-2, page 224.
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TAP Controller

Figure 9-3 diagrams a 16-state finite state machine. The four TAP pins control how data is
scanned into the various registers. The state of the TMS pin at the rising edge of TCK
determines the sequence of state transitions. There are two main sequences, one for
shifting data into the data register and the other for shifting an instruction into the
instruction register.

Spartan-3 generation FPGAs support the mandatory IEEE 1149.1 commands, as well as
several Xilinx vendor-specific commands. The EXTEST, INTEST, SAMPLE/PRELOAD,
BYPASS, IDCODE, USERCODE, and HIGHZ instructions are all included. The TAP also
supports internal user-defined registers (USER1 and USER?2) and configuration/readback
of the device.

The Spartan-3 generation Boundary-Scan operations are independent of configuration
mode selections. The Boundary-Scan mode overrides other mode selections. For this
reason, Boundary-Scan instructions using the Boundary-Scan register
(SAMPLE/PRELOAD, INTEST, and EXTEST) must not be performed during the FPGA
configuration process. All instructions, except the user-defined instructions, are available
before a Spartan-3 generation FPGA device is configured. After configuration, all
instructions are available.

JSTART and JSHUTDOWN are instructions specific to the Spartan-3 generation FPGA
architecture and configuration flow. See DS099: Spartan-3 FPGA Family Data Sheet for
details. In Spartan-3 generation FPGAs, the TAP controller is not reset by the PROG_B pin and
can only be reset by bringing the controller to the TLR state. The TAP controller is reset on power

up.
For details on the standard Boundary-Scan instructions EXTEST, INTEST, and BYPASS,
refer to the IEEE Standard.

Boundary-Scan Architecture

Spartan-3 generation FPGA registers include all registers required by the IEEE 1149.1
Standard. In addition to the standard registers, the family contains optional registers for
simplified testing and verification, as described in Table 9-4.

Table 9-4: Spartan-3 Generation JTAG Registers

Register Name Register Length Description

Boundary-Scan Register 3 bits per I/O Controls and observes input, output,
and output enable

Instruction Register 6 bits Holds current instruction OPCODE
and captures internal device status

BYPASS Register 1 bit Bypasses the device

Identification Register 32 bits Captures the Device ID

JTAG Configuration Register 32 bits Allows access to the configuration

bus when using the CFG_IN or
CFG_OUT instructions

USERCODE Register 32 bits Captures the user-programmable
code

User-Defined Registers Design-specific Design-specific

(USER1 and USER2)
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Boundary-Scan Register

Each user I/O block (IOB), whether connected to a package pin or unbonded, contains
additional logic that forms the boundary-scan data register, as shown in Figure 9-4.
Boundary-Scan operations are independent of how an individual I/O block is configured.
By default, each I/O block starts as bidirectional with 3-state control. Later, it can be
configured via JTAG operations to be an input, output, or 3-state pin.

DI ! Capture | ! Update

! Register i« Latch
1x | ! !
01 = I3} QH 1D Q
oo | ¢ | |

INTEST P LB
1
I0B.I
Lfi__

‘ 1 PAD
I0B.O : ‘ ; OE
I0B.T ; ‘ 0
L 1x ; ' ! ! .
01 o Qs —D Q
00 ‘ ‘ ‘ ! —
—> ' —— LE
EXTEST ‘ !
) .
SHIFT CLOCK DATA TDO UPDATE INTEST or EXTEST
REGISTER UG332_c9_04_081506

Figure 9-4: Boundary-Scan Logic per I/O Pin

When conducting a data register (DR) operation, the DR captures data in a parallel fashion
during the CAPTURE-DR state. The data is then shifted out and replaced by new data
during the SHIFT-DR state. For each bit of the DR, an update latch is used to hold the input
data stable during the next SHIFT-DR state. The data is then latched during the UPDATE-
DR state when TCK is Low.

The update latch is opened each time the TAP controller enters the UPDATE-DR state. Care
is necessary when exercising an INTEST or EXTEST to ensure that the proper data has been

latched before exercising the command. This is typically accomplished by using the
SAMPLE/PRELOAD instruction.

Internal pull-up and pull-down resistors should be considered when test vectors are being
developed for testing opens and shorts. The Boundary-Scan mode determines whether an
I/0 block has a pull-up resistor.

Bit Sequence Boundary-Scan Register

The order of each non-TAP IOB is described in this section. The input is first, then the
output, and finally the 3-state IOB control. The 3-state IOB control is closest to the TDO.
The input-only pins contribute only the input bit to the Boundary-Scan I/0 data register.
The bit sequence of the device is obtainable from the Boundary-Scan Description Language
Files (BSDL files) for Spartan-3 generation FPGAs. The bit sequence always has the same
bit order and the same number of bits and is independent of the design.
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The BSDL files are provided with the Xilinx ISE Development Software or can be
downloaded directly from the Xilinx web site. From the Xilinx web site, select BSDL
Models, select the FPGA family, then click Search.

¢ Xilinx Download Center
http:/ /www.xilinx.com /support/download /index.htm

Instruction Register

The Instruction Register (IR) for the Spartan-3 generation FPGA is connected between TDI
and TDO during an instruction scan sequence. In preparation for an instruction scan
sequence, the instruction register is parallel-loaded with a fixed instruction capture
pattern. This pattern is shifted out onto TDO (LSB first), while an instruction is shifted into
the instruction register from TDI.

To invoke an operation, load the desired OPCODE from Table 9-5 into the Instruction
Register (IR). The length of the instruction register varies by device type. However, the IR
is six bits wide for all Spartan-3 generation FPGAs.

Note: In general, all JTAG OPCODEs are identical among Spartan-3 generation FPGA families.
However, the EXTEST instruction is different between Spartan-3 FPGAs and FPGAs from the
Spartan-3E or Spartan-3A/3AN/3A DSP families.

Table 9-5: Spartan-3 Generation Boundary-Scan Instructions

Boundary-Scan Instruction Description
Command
EXTEST Enables Boundary-Scan EXTEST operation.
(Spartan-3E,
Spartan-3A/3AN, 001111
Spartan-3A DSP
FPGAs)
EXTEST
000000
(Spartan-3 FPGA)
SAMPLE 000001 Enables Boundary-Scan SAMPLE operation.
USER1 000010 Access user-defined register 1.
USER2 000011 Access user-defined register 2.
CFG_OUT 000100 Access the configuration bus for readback.
CFG_IN 000101 Access the configuration bus for configuration.
INTEST 000111 Enables Boundary-Scan INTEST operation.
USERCODE 001000 Enables shifting out user code.
IDCODE 001001 Enables shifting out of ID code.
HIGHZ 001010 3-state output pins while enabling BYPASS Register.
JPROGRAM 001011 Equivalent to and has the same effect as PROGRAM.
JSTART 001100 Clocks the startup sequence when Startup clock source
is TCK (StartupClk:JtagClk).
JSHUTDOWN 001101 Clocks the shutdown sequence.
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Table 9-5: Spartan-3 Generation Boundary-Scan Instructions (Continued)

Boundary-Scan

Command Instruction Description
ISC_ENABLE Marks the beginning of ISC configuration. Full
010000 .
shutdown is executed.
ISC_PROGRAM 010001 Enables in-system programming.
ISC_NOOP 010100 No operation.
ISC_READ 010101 Used to read back BBR.
ISC_DISABLE Completes ISC configuration. Startup sequence is
010110
executed.
ISC_DNA 110001 Spartan-3A/3AN/3A DSP FPGAs: Read Device DNA.
See “ITAG Access to Device Identifier,” page 287.
BYPASS 111111 Enables BYPASS.
RESERVED All other | Xilinx reserved instructions.
codes

Table 9-6 shows the instruction capture values loaded into the IR as part of an instruction
scan sequence.

Table 9-6: Instruction Capture Values
TDI — | IR[5] IR[4] IR[3] IR[2] IR[1:0] | =>TDO
DONE | INIT(1) | ISC_ENABLED | ISC_DONE 01

BYPASS Register

The BYPASS register, which consists of a single flip-flop between TDI and TDO, is required
in all JTAG IEEE 1149.1-compliant devices. It passes data serially from the TDI pin to the
TDO pin during a bypass instruction. The BYPASS register initializes to zero when the TAP
controller is in the CAPTURE-DR state.

Identification (IDCODE) Register

Spartan-3 generation FPGAs have a 32-bit identification register called the IDCODE
register. The IDCODE is based on the IEEE 1149.1 standard, and is a fixed, vendor-assigned
value that is used to identify electrically the manufacturer and the type of device that is
being addressed. This register allows easy identification of the part being tested or

programmed by Boundary-Scan, and it can be shifted out for examination by using the
IDCODE instruction.

The last bit of the IDCODE is always 1 (based on JTAG IEEE 1149.1). The last three hex
digits appear as 0x093.

JTAG Configuration Register (Boundary-Scan)

The JTAG Configuration register is a 32-bit register. This register allows access to the
configuration bus and readback operations.

The JTAG Configuration register does not pass TDI data through the register to TDO.
When the CFG_IN JTAG instruction is active, the JTAG Configuration register is input-
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only. When the CFG_OUT JTAG instruction is active, the JTAG Configuration register is
output-only.

Applications requiring standard FPGA configuration over JTAG should refer to XAPP058,
Xilinx In-System Programming Using an Embedded Microcontroller. Applications requiring
custom FPGA configuration over JTAG should refer to XAPP452, Spartan-3 FPGA Family
Advanced Configuration Architecture, for information about the configuration bus.
Configuration bus commands must arrive at the FPGA TDI pin on a 32-bit shift boundary
as explained in XAPP188, Configuration and Readback of Spartan-1I and Spartan-IIE FPGAs
Using Boundary Scan.

USERCODE Register

The USERCODE instruction is supported in Spartan-3 generation FPGAs. This register
allows a user to specify a design-specific identification code. The USERCODE can be
programmed into the device and can be read back for verification later. The USERCODE is
embedded into the bitstream during bitstream generation (BitGen -g UserID option) and is
valid only after configuration. If the device is blank or the USERCODE was not
programmed, the USERCODE register contains OxFFFFFFFE.

USER1 and USER2 Registers

The USER1 and USER2 registers are only available after configuration. These two registers,
if used in the application, must be implemented using FPGA logic. The “Boundary-Scan
(BSCAN)” library primitive is required when creating these registers. This primitive is
only required for driving internal scan chains (USER1 and USER?2). These registers can be
accessed after they are defined via the JTAG interface.

A common input pin (TDI) and shared output pins represent the state of the TAP controller
(RESET, SHIFT, and UPDATE).

Using Boundary-Scan in Spartan-3 Generation FPGAs

Figure 9-5 shows an example timing waveform for boundary-scan operations. Timing
specifications for the relationships shown in Figure 9-5 are listed in the data sheet for each
Spartan-3 generation FPGA family.

TMS

X
TDI ﬂ\ | : / ~

:4—»: -
Trerck! |TCKIAP!

TCK

' Trekmoo |
[P E———

DO~ X X DataValid X X
Data to be captured \ J AN
Data to be driven out X Data Valid )( )C

UG332_c9_05_081506

Figure 9-5: Spartan-3 Generation Boundary-Scan Timing Waveforms
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Programming Cables and Headers

Xilinx provide various programming cables that support the design and development
phase of a project.

e Platform Cable USB
http:/ /www.xilinx.com/products/devkits/HW-USB-G.htm

e Parallel Cable IV
http:/ /www.xilinx.com /products/devkits/HW-PC4.htm

¢  MultiPRO Desktop Tool
http:/ /www.xilinx.com/products/devkits/HW-MULTIPRO.htm

If possible, place a target interface connector on the FPGA board to facilitate easy
programming. Xilinx recommends using the high-performance ribbon cable option,
pictured in Figure 9-6, page 201, for maximum performance and best signal integrity.

> «— 0.248"
T T
nn T 2 x 7 (14 position) 2 mm connector
| ” J.|. | surface-mount for ribbon cable
— 0.299" Molex part no. 87832-1420
Also available in through-hole mounting
Slave Serial  SPI  JTAG 0.0787" (2 mm)
INIT_B N.C. N.C. 14| |o o |13 GND = %4
N.C. N.C. N.C. 12| (o o| |11 GND — =
DIN MOSI TDI 10| (o o | |9 GND c — ] i
DONE MISO TDO 8| |o o |7 GND % :n?mw 0.472" 0.
CCLK SCK TCK 6 oo 5 GND A= mu . TYP.
PROG_B SS B T™MS 4 oo 3 GND < %
VREF VRer VRer 2| |0 0|1 GND S
~——»{ [«— 0.020" (0.5 mm) SQ. TYP. UG332 9 06 1
Figure 9-6: Target Interface Connector Dimensions and Pin Assignments

Such connectors are available in both through-hole and surface mount configurations, as
shown in Table 9-7. Use shrouded or keyed connectors to ensure guarantee proper
orientation when inserting the cable. The specified connector requires only 0.162 square
inches of board space.

Table 9-7: Mating Connectors for 2 mm pitch, 14 Conductor Ribbon Cable
Connector Style and Vendor Part Number
Manufacturer(®) Surface Mount, Through-Hole, Through-Hole, Right | Vendor Web Site
Vertical Vertical Angle
Molex 87832-1420 87831-1420 87833-1420 www.molex.com
FCI 98424-G52-14 98414-G06-14 98464-G61-14 www.fciconnect.com
gggﬁcfoorz 2475-14G2 2422-14G2 2401R-G2-14 Www.commcon.com
Notes:

1. Some manufacturer pin assignments may not conform to Xilinx pin assignments. Please refer to the manufacturer’s data sheet for

more information.

2. Additional ribbon cables can be purchased separately from the Xilinx Online Store (www.xilinx.com/store).
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Programming

Pin 2 of the connector provides a reference voltage for the output buffers that drive the
TDI, TCK, and TMS pins. Because these pins are powered by Vcayx on Spartan-3
generation FPGAs, connect the Ve ayx supply to pin 2 of the connector.

an FPGA Using JTAG

The JTAG interface is also a convenient means for downloading an FPGA design during
development and debugging.

First, generate an FPGA bitstream as described in “Setting Bitstream Options, Generating
an FPGA Bitstream,” page 39

The following steps graphically describe how to create a PROM file using iMPACT from
within the ISE Project Navigator. This particular example shows how to configure the
XC3S500E FPGA on the Spartan-3E Starter Kit board. Besides the FPGA, the JTAG chain on
the board includes a Xilinx Platform Flash PROM and a Xilinx CPLD.

1. From within the ISE Project Navigator, double-click Configure Device (iMPACT)
from the Processes pane, as shown in Figure 9-7.

Processes: ﬂ
EI E}OGenerate Frogramming File

@O Frogramming File Generation Report
" JdA  Generate PROM ACF ar I TARG File

d

E:C Proceszes |

UG332_c9_14_112006

Figure 9-7: Double-click Configure Device (iMPACT)

2. Asshown in Figure 9-8, select Configure devices using Boundary-Scan (JTAG).
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HCIMPACT - Welcome to IMPACT

> Please zelect an action from the list below |
v * Configure devices using Boundary-Scan [JTAG) \3 /

I Autamnatically connect to a cable and identify Boundary-Scan chair \/

= Prepare a PROM File
= Prepare a System ACE File

= Prepare a Boundan-Scan File
SWF -

= Configure devices

ing Slave Serial mod ~1
Iusmg av'e aefal mode \ 4 /
\/

< Back © Finish Cancel

UG332_c9_07_112006
Figure 9-8: Configure Devices Using JTAG

3. If the board is powered and the Xilinx programming cable properly connected, the
iMPACT software automatically initializes the JTAG chain and detects the various
devices on the chain.

Click Finish.

As shown in Figure 9-9, the iMPACT software automatically detected the devices on
the chain. In this example, a Xilinx XC3S500E Spartan-3E FPGA is first in the chain,
followed by a Xilinx XCF04S Platform Flash PROM, followed by a Xilinx XC2C64A
CPLD in the final position. The devices are yet unprogrammed.

iMPALT - C:\Data'my_designs'%3E_Simple'default.ipf - [Boundary Scan]

gFiIe Edit Miew Operations Options Cutput Debug Window Help

IFPE & BB X|

1 % I [
#-E¥Boundary Scan & i Eiiad 1 i Eiind E_
TS laveS erial 4 B
~ ol SelectidaP
~ D esktop Canfigu... = #CaES00e xcflds xc2cBda
"--g’g]Direct SPI Carfig... ;I - filg ? --- R | [ pra— - file ¢ ---

IMPACT Modes

UG332_c9_xx_112006

Figure 9-9: iIMPACT Automatically Detects Devices on the JTAG Chain

6. Asshown in Figure 9-10, the iMPACT software automatically prompts for the FPGA
bitstream. Select the desired bitstream to download specifically to the FPGA.

7. Click Open.

Spartan-3 Generation Configuration User Guide www.xilinx.com 203
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

Chapter 9: JTAG Configuration Mode and Boundary-Scan XX"JNX@

i Assign Mew Configuration File

Loak jr: |4 C:/Datasmy_designs/S3E_Simple/ = 4= EF |EE 5

..
I _ngo
I _®mzgs

o
\6/ m| MyFPGA. bit \7/

File name: |MyFPGA. bit Open

File type: I Al Degign Files [*.bit *.rbt * nky *izc *.bed) ;I Cancel

Cancel Al | Bypazs

&

UG332_c9_09_112006

Figure 9-10: iMPACT Prompts for FPGA Bitstream

8. Asshown in Figure 9-11, the iMPACT software automatically detects that the FPGA
bitstream was generated for a non-JTAG configuration method. The iMPACT software
automatically adjusts the Startup clock setting for successful JTAG configuration
(StartupClk:JtagClk). The original bitstream file is unaffected.

W arning |

W AR MIMNGIMPACT: 2257 - Startup Clock has been changed to *JtagClk' in the bitstream stored in memmary,
bk the ariginal bitstream file remains unchanged.

\8/-' _____________________________ :
b

Figure 9-11: iMPACT Automatically Adjusts FPGA Startup Clock for JTAG Configuration

UG332_c9_09_112006

9. For faster downloading and a shorter FPGA debugging cycle, there is no need to
program the Platform Flash PROM or CPLD unless actually desired. To skip
programming the Platform Flash PROM, click Bypass, as shown in Figure 9-12.
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5 Assign New Configuration File
Look jre |4 C:/Data/my_designs/S3E_Simple/ x| 4= B |EE 5
=
=) _ngo
|y _#mszgs
) st
uPlatfarmFlazh.mes
File name: || Open
File bype: I Al Dezign Files [*.mcs *.exo "izc © bed) ;I Cancel
—\9
Cancel all | Bypazs
4

UG332_c9_10_112006

Figure 9-12: Click Bypass to Skip Platform Flash Programming
10. Similarly, click Bypass to skip programming of the CPLD, as shown in Figure 9-13.

17 Assign New Configuration File

Loak jn: |4 C:/Datasmy_designs/S3E_Simple/ = | 4= £F |__

i I

I _ngo

| _®mzgs

) mat

MyPlatfarmFlazh.mes
File narme: || Open
File type: I All Design Files [F.mcs *exo *izc ".bed] j Cancel
10

Cancel All Bypazs

%

UG332_c9_11_112006

Figure 9-13: Click Bypass to Skip CPLD Programming

11. As shown in Figure 9-14, the iMPACT software updates the display, showing the files
assigned to each device in the JTAG chain. In this example, the XCF04S Platform Flash
and XC2C64A CPLD are “bypassed” and are not programmed. Click the FPGA to
highlight it on the display.
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iMPALT - C:\Data'my_designs53E_Simple'default.ipf - [Boundary Scan]

Eﬁ File Edit Wiew Operations Options Output Debug Window  Help

I E| & BB X| a2 X%

i[- .=

[+ gglBoundary Scan &

- Bl SlaveSenal
B S elect AP
- B Desktop Configu... =
T Direct SFI I:::unfig...ll

iMPACT Modes

xedsalle xcflds xc2cBda
rmryfpga kit bypaszss bypaszs

12/ x|

) i Sla Crarsbinee =re I

Program

UG332_c9_12_112006

Figure 9-14: Double-Click Program to Configure FPGA via JTAG

12. Once the FPGA is highlighted, the associated Available Operations are enabled on the
display. Double-click Program.

13. The Programming Properties dialog box appears, as shown in Figure 9-15.

‘o Programming Properties E

Categaony
\1 o ———— i
- Advanced PREOM Programming Froperties

- Revizion Properties

General CPLD And PROKM Properties
[T | Eraze Befare Programming, [~ Fiead Pratect

I—\\//tcu:nlﬁunner Al Uzercode (8 Hex Digits] I

Cancel Apply | Help

£

UG332_c9_13_112006

Figure 9-15: FPGA Programming Options

14. The iMPACT software provides a Verify feature, even for FPGA programming.
Typically, the Verify function is not used when downloading the FPGA for debugging
purposes.

15. Click OK to start the programming process.

16. The iMPACT software indicates when programming is complete, as shown in
Figure 9-14. The iMPACT software also forces the FPGA to reconfigure on the board.
The FPGA is downloaded with the specified FPGA bitstream.
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Configuration via JTAG using an Embedded Controller

Mode Pin Considerations when Programming a Spartan-3AN FPGA via
JTAG using iIMPACT

Configuration

When iMPACT 9.1i configures the Spartan-3AN FPGAs, it first programs the internal SPI
Flash PROM. After this configuration is complete, a reboot is triggered and the FPGA
configures itself from the internal SPI PROM. When the reboot is triggered, the mode pins
M][2:0] are sampled. For the configuration to complete successfully, the FPGA mode select
pins must be set to M[2:0] = <0:1:1>, which is the Internal Master SPI mode.

If you are configuring from iMPACT and your mode pins are set to JTAG mode M[2:0] =
<1:0:1>, configuration of the FPGA will not complete. To finish configuration of the FPGA,
you can simply change the mode pins to Internal Master SPI mode and pulse the PROG pin
to trigger configuration, or reconfigure through iMPACT.

In iMPACT 9.2i and later, you have the option to either configure the FPGA directly
through JTAG mode or to program the Internal SPI PROM and then configure through
Internal Master SPI mode.

via JTAG using an Embedded Controller

By using an embedded controller to program Spartan-3 generation FPGAs from an on-
board RAM or EPROM, designers can easily upgrade, modify, and test designs, even in the
field. The design in XAPPO058 is easily modified for remote downloading applications and
the included C code can be compiled for any microcontroller.

¢ XAPPO058 Xilinx In-System Programming Using an Embedded Microcontroller
http:/ /www.xilinx.com/support/documentation/application_notes/xapp058.pdf
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Chapter 10

Internal Master SPI Mode

The Internal Master SPI Flash mode is only available on the Spartan®-3AN FPGA family.

The Spartan-3AN FPGA family has integrated In-System Flash (ISF) memory, primarily for
FPGA configuration. The ISF memory is sufficiently large to store two FPGA configuration
bitstreams (MultiBoot) plus additional nonvolatile data storage for the FPGA application.

Spartan-3AN FPGAs also support all of the other Spartan-3A /3AN/3A DSP FPGA
configuration modes shown in Table 2-1, page 46.

Caution! This configuration mode is only supported by the Spartan-3AN FPGA family. The
Veeaux supply MUST be 3.3V.

Figure 10-1 shows the logic levels and signals involved during configuration.

+1.2V
VCCINT
®i> PUDC B  VCCO_0|e—Vvcco o
— VCCO _2 |e—vcco 2
SPI Mode |0~ M2
ok 2 M1
5% MO
$7 XILINX
Variant Spartan-3AN
Select oy }_» VS2
sy 7 3 Vsl
' 7 VS0
(VECAUX) INIT B |&p
3_ — VCCAUX [« +3.3V
S I ‘3| TMS
Tc oK » TCK
SeF TDO
%E i O —
Solla o™ ‘3! TDI TDO
ZElle o||nc. —»{ PROG_B DONE [
2 o||N.C. GND
1 -
P R OG RA M UGS332_c10_01_112906

Figure 10-1: Spartan-3AN FPGA using Internal Master SPI Flash Mode
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Internal Flash Memory

The amount of ISF memory varies by Spartan-3AN FPGA logic density as shown in
Table 10-1. The amount of Flash memory exceeds the amount required to configure the
FPGA. There is sufficient additional memory for at least two uncompressed bitstream
images to support MultiBoot or for additional nonvolatile storage for the FPGA
application.

Table 10-1: Number of Bits to Program a Spartan-3AN FPGA and Internal SPI Flash

Memory
FPGA Numbibﬂigr?]r;frigssrzg;)n Bits In-System Flash Memory
XC3S50AN 437,312 1 Mbit
XC35200AN 1,196,128 4 Mbit
XC3S400AN 1,886,560 4 Mbit
XC35700AN 2,732,640 8 Mbit
XC351400AN 4,755,296 16 Mbit

Mode Select Pins, M[2:0]

The Spartan-3AN FPGA family is generally designed to be pin and function compatible
with the Spartan-3A /3A DSP FPGA families. The Spartan-3AN FPGA family supports all
the same configuration modes as the Spartan-3A/3A DSP FPGAs and adds the ability to
configure from the internal In-System Flash memory.

To configure from Internal Master SPI Flash mode, the FPGA mode select pins must be set
to M[2:0] = <0:1:1>. Furthermore, the Vcaux supply must be 3.3V.

Variant Select Pins, VS[2:0]

For backward compatibility, the Spartan-3AN FPGA monitors the variant-select pins,
VS[2:0], to decide which read command to issue to the SPI Flash PROM. Spartan-3AN
FPGAs and the integrated SPI serial Flash support the variant-select codes listed in
Table 10-2. The choice of a variant select code potentially affects configuration
performance. For more details on the Spartan-3AN FPGA read commands, see UG333,
Spartan-3AN In-System Flash User Guide.

Furthermore, the VS[2:0] pins have dedicated pull-up resistors that are active, regardless of
the PUDC_B pin, whenever the M[2:0] mode-select pins are set for Internal Master SPI
mode.
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Accessing the Internal SPI Flash PROM After Configuration

Table 10-2: Spartan-3AN FPGA Supported Variant Select (VS[2:0]) Options

. . SPI Flash Read Supported by .
Varlan\t/SS[(;I%(jt Pins Command Spartan-3AN FPGA M?;:amzemnSLK
’ (Command Code) Family? q y
FAST_READ
<1:1:1> (0X0B) Yes 50 MHz
READ
<1:0:1> (0x03) Yes 33 MHz
All Others - No -

Supply Voltage Requirements

The Spartan-3AN FPGA family imposes some minor restrictions on FPGA supply
voltages.

VCCAUX

The VCCAUX supply input must be 3.3V. The VCCAUX rail supplies power to the In-
System Flash memory.

VCCO 2

The VCCO_2 supply rail, which must be the same voltage as the configuration memory in
other configuration modes, has no such restriction on Spartan-3AN FPGAs.

Sequencing

Due to requirements of the integrated SPI serial Flash memory, the 3.3V VCCAUX supply
must reach its minimum supply rail before the FPGA’s 1.2V VCCINT supply reaches its
minimum power-on reset voltage level.

Accessing the Internal SPI Flash PROM After Configuration

The FPGA application has full access to the internal In-System Flash memory after
configuration using the SPI_ACCESS design primitive, as shown in Figure 10-2.

SPI_ACCESS
—1 MOSI MISO —
—1CSB
—PDCLK

UG332_C13_06_081506

Figure 10-2: Spartan-3AN SPI_ACCESS Design Primitive

Details on accessing the In-System Flash memory after configuration, from inside the
FPGA application, are found in UG333: Spartan-3AN In-System Flash User Guide.

o UGS333: Spartan-3AN In-System Flash User Guide
www.xilinx.com/support/documentation/user_guides/ug333.pdf
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No Configuration Daisy Chains in Internal Master SPI Mode

Spartan-3AN FPGAs do not support multi-FPGA daisy chains when configuring from
Internal Master SPI mode. The FPGA does not supply the DOUT or CCLK outputs
required for serial daisy chains when configuring in this mode.

However, the Spartan-3AN FPGA supports daisy chaining when configured using any of
the other modes or when configured in a Slave configuration mode.

Generating the Bitstream for a Master SPI Configuration

To create the FPGA bitstream for a Internal Master SPI configuration, follow the steps
outlined in “Setting Bitstream Options, Generating an FPGA Bitstream,” page 39. For an
FPGA configured in Internal Master SPI mode, set the following bitstream generator
options.

ConfigRate: CCLK Frequency

Set the ConfigRate option for 33 MHz. Using the ISE® software Project Navigator, the
Configuration Rate frequency is set in Step 7 in Figure 1-7, page 41.

-g ConfigRate: 33

StartupClk: CCLK

By default, the configuration Startup clock source is the internally generated CCLK. Keep
the StartupClk bitstream generation option, shown as Step 13 in Figure 1-8, page 42.

-g Startupd k: Ccl k

DriveDone: Actively Drive DONE Pin

Programming

In a single FPGA design or for the Master FPGA in a multi-FPGA daisy chain, set the FPGA
to actively drive the DONE pin after successfully completing the configuration process.
Using ISE Project Navigator, check the Drive Done Pin High option, shown as Step 16 in
Figure 1-8, page 42.

-g DriveDone: Yes

a Spartan-3AN FPGA Using JTAG

A Spartan-3AN FPGA is programmed using JTAG and iMPACT software in the same way
described for other FPGA families in “Programming an FPGA Using JTAG” in Chapter 9.
The iMPACT software only requires associating a bistream with the FPGA, and will
automatically generate the PROM file for the In-System Flash, program the Flash in the
Spartan-3AN FPGA, and then configure the Spartan-3AN FPGA from the In-System Flash.
See “Mode Pin Considerations when Programming a Spartan-3AN FPGA via JTAG using
iMPACT” in Chapter 9.
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Preparing an In-System Flash Programming File

This section provides guidelines to create a programming file for the Spartan-3AN In-
System Flash (ISF) memory. These steps are not needed when programming a single
bitstream into the ISF using iMPACT.

Caution! Requires ISE 9.1i, Service Pack 3 or later.

The Xilinx® software tools, iIMPACT or PROMGen, generate files from the Spartan-3AN
FPGA bitstream or bitstreams. The Spartan-3AN ISF memory is a serial, SPI-based
memory and data bytes are stored most-significant bit (msb) first. When using PROMGen,
the - spi option is required for proper formatting.

IMPACT

The following steps graphically describe how to create an SPI-formatted PROM file using
iMPACT from within the ISE Project Navigator. To create a Spartan-3AN MultiBoot image
for an SPI Flash memory, see “Generating a Spartan-3A/3AN/3A DSP MultiBoot PROM
Image using iMPACT,” page 270.

1. From within the ISE Project Navigator, double-click Generate PROM, ACE, or JTAG
File from within the Process pane, as shown in Figure 10-3.

Proceszses: \ al

E| {_}OGenerate Pragramming File \]/
ik

[ =i P'r e ammine File G erer ation Badh

=

Generate PROR, ACE, ar JTAG File

¢ Configure Device MPACT] -
4| | »
E'—I: Froceszses |

UG332_c4_10_110206

Figure 10-3: Double-click Generate PROM, ACE or JTAG File

2. Asshown in Figure 10-4, select Prepare a PROM File.

Spartan-3 Generation Configuration User Guide www.xilinx.com 213
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

Chapter 10: Internal Master SPI Mode XX"JNX@

AEIMPALCT - Welcome to iIMPACT

—Fleaze zelect an action from the it below

= Configure devices using Boundam-Scan [JTAG]

2 I Automatically connect to a cable and identify B oundary-Scan chain j
iy

Prepare a PROM File

= Prepare a System ACE File

= Prepare a Boundam-Scan File

SWF -
= Configure devices
uzing Slave Senal mode \3/ él
] Back NE:':t 5 | _. .................. |: ance| .................. .'

UG332_c4_11_19

Figure 10-4: Prepare a PROM File

3. Click Next.

4. Asshown in Figure 10-5, format the FPGA bitstream or bitstreams for a PROM
Supporting Multiple Design Versions.
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Figure 10-5: Set Options for Spartan-3AN In-System Flash PROM

Select Spartan3AN from the drop list.
Select a PROM File Format.

Enter a PROM File Name.

Click Next.

Click the drop list to Select Device.

o *® NG
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Figure 10-6: Select a Spartan-3AN FPGA
10. Choose a specific Spartan-3AN FPGA device. The bit size of the In-System Flash

memory for the associated FPGA is also displayed.
11. Click Next.
12. The Default Spartan-3AN configuration bitstream (Bitstream 0) is always located at

address 0. Bitstream 0 is the bitstream that the FPGA automatically loads when power
is applied or whenever the PROG_B pin is pulsed Low.
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Figure 10-7: Specify the FPGA Configuration Bitstream(s)

13. Click the option box to include a second MultiBoot bitstream (Bitstream 1). Bitstream 1
is always aligned to the next ISF memory sector boundary following Bitstream 0. The
iMPACT software displays the sector address in decimal, based on the current
addressing mode, as shown in Table 10-3. This is the address used for MultiBoot
operations to load the second bitstream.

Table 10-3: Locations of Default Bitstream and Second MultiBoot Bitstream
Bitstream Starting Address
. Spartan-3AN ISF Default Optional Power-of-2
Bitstream Memory
FPGA Page Byte Byte
Hex Address Hex Address
(Decimal) (Decimal)
Bitstream
0 All 0 0x00_0000 0 0x00_0000 0
XC3S50AN 256 0x02_0000 | 67584 | 0x01_0000 65536
XC35200AN 768 0x06_0000 | 202752 | 0x03_0000 | 196608
BltStIeam XC3S400AN | 1,024 | 0x08_0000 | 270336 | 0x04_0000 | 262144
XC3S700AN 1,536 | 0xOC_0000 | 405504 | 0x06_0000 | 393216
XC3S1400AN 1,280 | Ox14_0000 | 675840 | OxOA 0000 | 655360

14. By default, leave this option box unchecked! Check this box only if the intended
Spartan-3AN target was previously and specifically programmed to support the
optional Power-of-2 addressing mode. See UG333: Spartan-3AN In-System Flash User
Guide for more information.

15. Click Next.

16. As shown in Figure 10-8, review that the settings are correct to format the Spartan-
3AN In-System Flash. Click Finish to confirm the settings or Back to change the

settings.
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E iMPALT - File Generation Summary
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Figure 10-8: Review Spartan-3AN In-System Memory Formatting Settings

17. As shown in Figure 10-9, click OK to start adding FPGA configuration bitstreams to
the In-System Flash image.

ES Add Device E3
Add Device @ Start adding device File ko

. - First Bitstream 17
Lock ir: I = switches_leds

xm=Js
Evcl‘ W
||-' 'el.bit W
|

File narme: Itap_le'-.-'el.hit j | Open |

Filez of bype: IFF'G.":". Bt Eil-e 1 Bit .y | M anrel I
= add pevice

ou have completed the device file entry.
Click 'Ok ko continue 20

UG332_c10_06_022307

Figure 10-9: Add FPGA Configuration Bitstream File(s)
18. Locate and select the desired Spartan-3AN FPGA bitstream.
19. Click Open.

20. If the Bitstream 1 option box was checked in Step 12, the iMPACT software will prompt
for a second bitstream. After selecting the last FPGA bitstream, click OK.
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21. Asshown in Figure 10-10, the iMPACT software graphically displays the selected
Spartan-3AN FPGA and any associated FPGA bitstream(s).

}222

hulti-Boot FLASH First f econd |

E xiume [+] Esitmate Memory Allocation

W
¥c3s700an

top_lewvel bit

UG332_c10_07_022307

Figure 10-10: iMPACT View of the Spartan-3AN In-System Flash Memory

22. The location of the first and second bitstreams is also highlighted.
23. As shown Figure 10-11, click Generate File.

I
EfE Sources s Snapzhi |E Libr:

Wlﬁunilnhlp Mneratinn: are

Generate File.. ——————————————————————————————————————
“ |r-.-1urti-EI|:u:|t FLasH  [irst | | W
ML

el PR ONM File Generation Succeeded
top_level bit
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Figure 10-11: Generate the Spartan-3AN In-System Flash File

24. The iMPACT software indicates when the PROM file is successfully created.

PROMGen

PROMGen is a command-line utility that provides an alternate means to create a Spartan-
3AN programming file. PROMGen can be invoked from within a command window or
from within a script file.

Table 10-4 shows the relevant options for formatting a Spartan-3AN programming file.
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Table 10-4: PROM Generator Command Options

PROMGen Option Description

-spi REQUIRED! Specifies the correct bit ordering required to configure

from the SPI-based In-System Flash memory.

PROM output file format. Specifies the file format required by the SPI
-p <format> programming software. Refer to the third party programmer
documentation for details.

Specifies the PROM size in kilobytes. The PROM size must be a power
of 2, and the default setting is 64 kilobytes.

-s <size> By default, the Spartan-3AN In-System Flash memory uses a non-
binary addressing method, which uses an additional address bit. Use
the size settings shown in Table 10-5.

Loads the . bi t file from the specified starting address in an upward
direction. This option must be specified immediately before the input
bitstream file. See Table 10-3, page 217 for starting addresses by
Spartan-3AN FPGA part type.

-u <address>

Table 10-5: Spartan-3AN PROMGen Size Settings

Spartan-3AN FPGA In-System_FIash Size -s <size> Setting by Address Mode
(bits) Default Power-of-2
XC3S50AN ™M 256 128
XC35200AN M 1,024 512
XC3S400AN 4M 1,024 512
XC3S700AN 8M 2,048 1,024
XC351400AN 16M 4,096 2,048

The example PROMGen command, provided below, generates a PROM file for an
XC3S700AN FPGA with the following characteristics.

Formatted for the SPI-based In-System Memory by specifying the - spi option.

Formatted using the Intel MCS format by specifying the -p nts option. The output
filename is specified by the - 0 <pr ondat a>. nts option, where <pr ondat a> is a
user-specified file name.

The XC3S700AN In-System Flash memory is only slightly larger than 8M bits or 1,024
bytes. However, set the size option to twice the size, or-s 2048 , because the default
addressing method uses an additional address line. If using the optional power-of-2
addressing mode, which requires an additional, separate special programming step,
set the size optionto -s 1024.

The first FPGA bitstream (bi t st r eanD) is loaded in the upward direction, starting at
address 0 by specifying the - u 0 option. A second MultiBoot bitstream

(bi t streant) is loaded at the next sector boundary, shown in Table 10-3, page 217,
0x0C_0000 for the XC3S700AN.

The FPGA bitstreams to be added to the In-System Flash memory are specified as the
last option, <bi t st r eanD>. bi t and <bi t st r eaml>. bi t , where <i nputfil e>is
the user-specified file name used when generating the FPGA bitstream.

220

www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com

SXILINX®

Programming Spartan-3AN FPGAs Using iMPACT

Programming

pronmgen -spi -p nts -0 <prondata>.ncs -s 2048 -u 0 <bitstreanD>. bit &j
-u c0000 <bitstreaml>. bit

Spartan-3AN FPGAs Using iMPACT

Beginning in ISE 9.1i, Service Pack 3, the iMPACT software provides programming
support for prototyping and initial hardware development. Production programming
support is described in “Third-Party Programmer Support,” page 221.

The iMPACT software programs the Spartan-3AN FPGA using the Xilinx programming
cables, described in “Programming Cables and Headers,” page 201, using the connections
shown in Figure 10-1, page 209.

Third-Party Programmer Support

The Xilinx iMPACT software, starting with ISE 9.1i, Service Pack 3, provides in-system
programming support for prototyping and initial development. However, the iMPACT
software is not efficient for high-volume production programming. The available Spartan-
3AN production programming solutions are listed below by vendor.

BPM Microsystems

BPM Microsystems is a global supplier of engineering and production device
programmers and is the leading supplier of automated programming systems to the
semiconductor and electronics industries.

e BPM Microsystems Web Site
www.bpmicrosystems.com

Production Hardware Programming Solutions

Table 10-6 lists the BPM Microsystems programming solutions for Spartan-3AN FPGAs.
Support is available both for new installations and for pre-existing programmers. Socket
adapters are required.

Table 10-6: BPM Microsystems Programmers Supporting Spartan-3AN FPGAs

Status Programmer Model Number Programmer Type
3610
4610
Automated Production
4710
3710MK2
Recommended for new
installations, available for BP-2610
purchase Multi-site Concurrent
BP-2710
BP-1410
BP-1610 Single-site Engineering
BP-1710
Spartan-3 Generation Configuration User Guide www.xilinx.com 221
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Table 10-6: BPM Microsystems Programmers Supporting Spartan-3AN FPGAs

Status Programmer Model Number Programmer Type
4700
3700MK2

BP-3500

BP-3510

Automated Production
BP-3600

BP-4500

Legacy model. May
already be installed in BP-4510

many programming BP-4600
centers

BP-2500
BP-2510

Multi-site Concurrent

BP-2600

BP-2700

BP-1600
Single-site Engineering

BP-1700

Programming Socket Modules and Software

Table 10-7 lists the socket adapters and software required to program Spartan-3AN FPGAs
on the programming solutions shown in Table 10-6. Check the BPM Microsystems web site
for the most up-to-date information.

Table 10-7: BPM Microsystems Socket Modules and Software for Spartan-3AN

FPGAs
BPM Microsystems
Spartan-3AN FPGA Socket Module Programming Software
Model Number
XC3S50AN
ASM256BGT .
XC35200AN SM256BGT BPWin V4.66.0 and later
XC35400AN
ASM484BGD .
XC3S700AN SMA4S4BGD BPWin V4.66.0 and later
ASM676BG .
XC3S51400AN SM676BC BPWin V4.66.0 and later
222 www.xilinx.com Spartan-3 Generation Configuration User Guide
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Chapter 11

Configuration Bitstream Generator
(BitGen) Settings

Various Spartan®-3 generation FPGA functions are controlled by individual settings in the
configuration bitstream image. These values are specified when creating the bitstream
image with the Bitstream Generator (BitGen) software.

Table 11-2, page 224 lists the more commonly-used bitstream generator options for
Spartan-3 generation FPGAs. Each of these options can be specified on the command line
with the following format:

bitgen -g <option>:<value> infile
The option name and value are separated by a colon with no spaces.

For more information and a complete listing of all options, see the “BitGen” chapter in the
following document:

e ISE® Software 9.2i Development System Reference Guide
http:/ /toolbox.xilinx.com /docsan/xilinx92 /books /docs/dev /dev.pdf

For a quick summary of available options for particular FPGA family, type the command
shown in Table 11-1 in a DOS box or command window.

Table 11-1: Command Line to Review Bitstream Generator Options per Family

FPGA Family Command Line
Spartan-3 bitgen -hel p spartan3
Spartan-3E bi tgen -hel p spartan3e
Spartan-3A bi tgen -hel p spartan3a

Spartan-3AN bi tgen -hel p spartan3an

Spartan-3A DSP bi t gen -hel p spartan3adsp

Some of the bitstream options can be controlled from the ISE Project Navigator, as
described in “ISE Software Project Navigator,” page 39. Any option not specifically listed
in the graphic interface can be included as Step 5 shown in Figure 1-6, page 40.
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options

Option Name Pins/Function values Description
P Affected (default) P
ConfigRate CCLK, Spartan-3A Sets the frequency, approximately in MHz, of the internal
Configuration, Spartan-3AN | oscillator used for Master configuration modes. Drives out on
Master Modes Spartan-3A DSP | the FPGA’s CCLK pin. The internal oscillator powers up at its
only FPGA: lowest frequency, and the new setting is loaded as part of the
1,3,6,7,8,10, | configuration bitstream. See “Configuration Clock: CCLK,”
12,13,17,22, page 52 for more information.
25,27, 33, 44,
50, 100
Spartan-3E
FPGA:
l/ 3/ 6/
12,25, 50
Spartan-3
FPGA:
3,6,12, 25,50
StartupClk Configuration, Cclk Default. The CCLK signal (internally or externally generated)
Startup controls the Startup sequencer as the FPGA transitions from
configuration mode to the application loaded into the FPGA.
See “Startup Clock Source,” page 242.
UserClk A clock signal from within the FPGA application controls the
Startup sequencer as the FPGA transitions from
configuration mode to the application loaded into the FPGA.
See “Startup Clock Source,” page 242. The FPGA application
supplies the user clock on the CLK pin on the STARTUP
primitive. See “Start-Up (STARTUP),” page 247.
JtagClk The JTAG TCK input controls the startup sequence when the
FPGA transitions from the configuration mode to the user
mode. See “Startup,” page 240.
ProgPin PROG_B pin Pullup Default. Internally connects a pull-up resistor or between
PROG_B pin and Vccaux- See “Program or Reset FPGA:
PROG_B,” page 52.
Pullnone No internal pull-up resistor on PROG_B pin. An external 4.7
kQ pull-up resistor to Vcayx is required.
UnusedPin Unused I/O Pins | Pulldown Default. All unused I/O pins and input-only pins have a
pull-down resistor to GND.
Pullup All unused I/0 pins and input-only pins have a pull-up
resistor to the VCCO_# supply for its associated I/O bank.
Pullnone All unused I/O pins and input-only pins are left floating (Hi-
Z, high-impedance, three-state). Use external pull-up or pull-
down resistors or logic to apply a valid signal level.
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options (Continued)

Option Name Pins/Function values Description
P Affected (default) P
Persist SelectMAP No Default. All Slave mode configuration pins are available as
interface pins, user-I1/0O after configuration.
Slave mode, - . - -
Configuration Yes Thls option is required for. Readback. using the SelectMAP
interface. The SelectMAP interface pins (see “SelectMAP
Data Loading,” page 176) are reserved after configuration
and are not available as user-I/O.
Security JTAG, None Default. Readback is available via the JTAG port or via the
SelectMAP, SelectMAP interface, if Persist:Yes.
Readback . . .
Levell See “Basic FPGA Hardware-Level Security Options,”
279.
Level2 page
Level3
Compress FPGA bitstream | No Default. Bitstream is not compressed and will be the size
size shown in Table 1-4.
Yes Possibly compress the FPGA bitstream by finding redundant

configuration frame and using multi-frame write command
during configuration. There is no guarantee of the amount of
compression. Sparse designs or designs that do not use block
RAM see the most benefit. See “Bitstream Format,” page 36.

Spartan-3 FPGA Family Configuration Pin Controls
(see Table 2-9, page 59 and Table 2-11, page 60)

HswapenPin Spartan-3 FPGA | Pullup Default. Internally connects a pull-up resistor between the
only: Spartan-3 HSWAP_EN pin and Vceaux-
HSWAP_EN pin | pyjjdown Internally connects a pull-down resistor between the
Spartan-3 HSWAP_EN pin and GND.
Pullnone No internal pull-up resistor on the Spartan-3 HSWAP_EN
pin.
CclkPin Spartan-3 FPGA | Pullup Default. Internally connects a pull-up resistor or between
only: CCLK pin and Vccaux:
CCLK pin Pullnone CCLK pin is high-impedance (floating). Define CCLK logic
level externally.
M2Pin Spartan-3 FPGA | Pullup Default. Internally connects a pull-up resistor or between M2
only: mode-select pin and Vecayx-
M2 pin Pulldown Internally connects a pull-down resistor or between M2
mode-select pin and GND.
Pullnone M2 pin is high-impedance (floating). Define M2 logic level

externally.
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options (Continued)

. Pins/Function Values .
Option Name Affected (default) Description
M1Pin Spartan-3 FPGA | Pullup Default. Internally connects a pull-up resistor or between M1
only: mode-select pin and Vccaux-
M1 pin Pulldown Internally connects a pull-down resistor or between M1
y P
mode-select pin and GND.
Pullnone M1 pin is high-impedance (floating). Define M1 logic level
externally.
MOPin Spartan-3 FPGA | Pullup Default. Internally connects a pull-up resistor or between M0
only: mode-select pin and Vccaux-
MO pin Pulldown Internally connects a pull-down resistor or between M0
y P
mode-select pin and GND.
Pullnone MO pin is high-impedance (floating). Define MO logic level
externally.
DONE Pin Options
See “DONE Pin,” page 48.
DonePin DONE pin Pullup Default. Internally connects a pull-up resistor between

DONE pin and Vccapyx- An external 330 Q pull-up resistor to
Vecaux is still recommended. See DONE pin “ConfigRate:
Bitstream Option for CCLK,” page 56.

Pullnone No internal pull-up resistor on DONE pin. An external 330 Q
pull-up resistor to Vceayyx is required.

DriveDone DONE pin No Default. When configuration completes, the DONE pin stops
driving Low and relies on an external 330 Q pull-up resistor
to Vecaux for avalid logic High. See DONE pin “ConfigRate:
Bitstream Option for CCLK,” page 56.

Yes When configuration completes, the DONE pin actively drives
High. When using this option, an external pull-up resistor is
no longer required. Only one device in an FPGA daisy chain
should use this setting.

DonePipe DONE pin No Default. The input path from DONE pin input back to the
Startup sequencer is not pipelined. See DONE pin
“ConfigRate: Bitstream Option for CCLK,” page 56.

Yes This option adds a pipeline register stage between the DONE
pin input and the Startup sequencer. Used for high-speed
daisy-chain configurations when DONE cannot rise in a
single CCLK cycle. Releases GWE and GTS signals on the first
rising edge of StartupClk after the DONE pin input goes

High.
Startup Sequencer Options
See “Startup,” page 240.
DONE_cycle DONE pin, 1,2,3,4,5,6 Selects the Configuration Startup phase that activates the
Configuration FPGA’s DONE pin. See “Startup,” page 240.
Startup
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options (Continued)

0,1,2,3,4,5,6

. Pins/Function Values .
Option Name Affected (default) Description
GWE_cycle All flip-flops, 1,2,3,4,5,6 Default. Selects the Configuration Startup phase that asserts
LUT RAMs, and the internal write-enable signal to all flip-flops, LUT RAMs
SRL16 shift and shift registers (SRL16). It also enables block RAM read
registers, Block and write operations. See “Startup,” page 240.
RAM,
Configuration Done Waits for thg DONE pi1.1 input to go High before asserting the
Startup internal write-enable signal to all flip-flops, LUT RAMs and
shift registers (SRL16). Block RAM read and write operations
are enabled at this time.
GTS_cycle AllT/O pins, 1,2,3,4,5,6 Default. Selects the Configuration Startup phase that releases
Configuration the internal three-state control, holding all I/O buffers in
high-impedance (Hi-Z). Output buffers actively drive, if so
configured, after this point. See “Startup,” page 240.

Done Waits for the DONE pin input to go High before releasing the
internal three-state control, holding all I/O bulffers in high-
impedance (Hi-Z). Output buffers actively drive, if so
configured, after this point.

Keep Retains the current GTS_cycle setting for partial
reconfiguration applications.

LCK_cycle DCMs, NoWait Default. The FPGA does not wait for selected DCMs to lock
Configuration before completing configuration.
Startup

If one or more DCMs in the design have the
STARTUP_WAIT=TRUE attribute, the FPGA waits for such
DCMs to acquire their respective input clock and assert their
LOCKED output. This setting selects the Configuration
Startup phase where the FPGA waits for the DCMs to lock.
See “Waiting for DCMs to Lock, DCI to Match,” page 242.

Match_cycle

Spartan-3 FPGA
only:
DCI

The BitGen software examines the FPGA design for any I/O
standards that use DCI. If found, BitGen automatically sets
Match_cycle:2, causing the Startup sequence to stall in state 2
while the DCI circuitry matches the target impedance.
Otherwise, Match_cycle:NoWait.

NoWait

The FPGA does not wait for DCI circuitry to match
impedance.

0,1,2,3,4,5,6

Specify the Startup cycle where the FPGA waits for the DCI
circuitry to match the target impedance value, specified using
external resistors.

DCIUpdateMode

Spartan-3 FPGA
only:
DCI

AsRequired

Default. DCI impedance adjustments are made only when
needed to maintain tracking.

Continuous

DCI impedance adjustments are made continuously.

Quiet

After the initial DCI impedance match is achieved, no further
adjustments occur.

JTAG-Related Options
See Chapter 9, “JTAG Configuration Mode and Boundary-Scan.”
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options (Continued)

. Pins/Function Values .
Option Name Affected (default) Description
TckPin JTAG TCK pin Pullup Default. Internally connects a pull-up resistor between JTAG
TCK plI'l and VCCAUX'
Pulldown Internally connects a pull-down resistor between JTAG TCK
pin and GND.
Pullnone No internal pull-up resistor on JTAG TCK pin.
TdiPin JTAG TDI pin Pullup Default. Internally connects a pull-up resistor between JTAG
TDI pin and Vcaux:
Pulldown Internally connects a pull-down resistor between JTAG TDI
pin and GND.
Pullnone No internal pull-up resistor on JTAG TDI pin.
TdoPin JTAG TDO pin Pullup Default. Internally connects a pull-up resistor between JTAG
TDO pll’l and VCCAUX'
Pulldown Internally connects a pull-down resistor between JTAG TDO
pin and GND.
Pullnone No internal pull-up resistor on JTAG TDO pin.
TmsPin JTAG TMS pin Pullup Default. Internally connects a pull-up resistor between JTAG
TMS pin and Vecapyx
Pulldown Internally connects a pull-down resistor between JTAG TMS
pin and GND.
Pullnone No internal pull-up resistor on JTAG TMS pin.
UserID JTAG User ID OxFFFFFFFF The 32-bit JTAG User ID register value is loaded during
register configuration. The default value is all ones, OxFFFFFFFF

hexadecimal. To specify another value, enter an 8-character
hexadecimal value.

Spartan-3A/3AN/3A DSP Power-Saving Suspend Feature
See XAPP480 Using Suspend Mode in Spartan-3 Generation FPGAs.

en_suspend Spartan-3A No Default. Suspend mode not used. Connect the SUSPEND pin
Spartan-3AN to GND.
Spartan-3A DSP
Fgg Aa 2 nly: Yes Enables the Power—saving Suspend feature, controlled by the

SUSPEND pin.

Suspend mode

drive_awake Spartan-3A No Default. If Suspend mode is enabled, indicates the present
Spartan-3AN status on AWAKE using an open-drain output. An external
Spartan-3A DSP pull-up resistor or High signal is required to exit SUSPEND
FPGA only: mode.
Suspend H}Ode' Yes If Suspend mode is enabled, indicates the present status by
AWAKE pin

actively driving the AWAKE output.
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options (Continued)

Spartan-3AN
Spartan-3A DSP

. Pins/Function Values .
Option Name Affected (default) Description
suspend._filter Spartan-3A Yes Default. Enables the glitch filter on the SUSPEND pin.
Spartan-3AN
Sg::t;2_3 ADsp | No Disables the glitch filter on the SUSPEND pin.
FPGA only:
Suspend mode,
SUSPEND pin
en_sw_gsr Spartan-3A No Default. The state of all clocked elements in the FPGA is
Spartan-3AN preserved during Suspend mode.
Spartan-3A DSP
Fgg;r Aa I; nly: Yes During wake-up from Suspend mode, the FPGA pulses the
) Global Set/Reset (GSR) signal, setting or resetting all clocked
Suspend moc}e, elements, as originally specified in the FPGA application. All
wake-up timing state information prior to entering Suspend mode is lost.
sw_clk Spartan-3A StartupClk Default. Uses the clock defined by the StartupClk bitstream

setting to control the Suspend wake-up timing.

Spartan-3AN
Spartan-3A DSP
FPGA only:

Suspend mode,
wake-up timing

FPGA only: InternalClk Uses the internally gen.ere.lted “50 MHz"” oscillator' to control
the Suspend wake-up timing. The clock frequency is the same

Suspend mode, as when ConfigRate:50, as described in the FPGA data sheet.
wake-up timing

sw_gwe_cycle Spartan-3A 1,..,5,...,1024 After the AWAKE pin is High, indicates the number of clock
Spartan-3AN cycles as defined by the sw_clk setting, when the global
Spartan-3A DSP write-protect lock is released for writable clocked elements
FPGA only: (flip-flops, block RAM, etc.). The default value is five clock
Suspend mode, cycles after the AWAKE pin goes High. Generally, this value
wake-up timing is equal to or greater than the sw_gts_cycle setting.

sw_gts_cycle Spartan-3A 1,..4,..,1024 After the AWAKE pin is High, indicates the number of clock

cycles as defined by the sw_clk setting, when the I/O pins
switch from their SUSPEND Constraint settings back to their
normal functions. The default value is four clock cycles after
the AWAKE pin goes High. Generally, this value is equal to
or less than the sw_gwe_cycle setting.

Spartan-3A/3AN/3A DSP MultiBoot Control Options
See “Spartan-3A /3AN/3A DSP MultiBoot,” page 263.

Spartan-3AN
Spartan-3A DSP
FPGA only:

MultiBoot

ICAP_Enable Spartan-3A Auto Default. The BitGen software examines the FPGA design. If
Spartan-3AN the ICAP primitive is instantiated in the design, BitGen
Spartan-3A DSP automatically sets ICAP_Enable:Yes, enabling the ICAP port.
FPGA only: Otherwise, ICAP_Enable:No.
ICAP, MultiBoot | nj, The ICAP port is disabled.
Yes The ICAP port is enabled.
next_config_addr | Spartan-3A 0x0000000 Specifies the next MultiBoot start address as a 7-character

hexadecimal value. The specified value is loaded into the
GENERAL1 and GENERAL2 registers during configuration.
See “Spartan-3A /3AN/3A DSP MultiBoot,” page 263 for
details on use.
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Table 11-2: Spartan-3 Generation Bitstream Generator (BitGen) Options (Continued)

Spartan-3AN
Spartan-3A DSP

12,13,17,22,
25,27,33, 44,

Option Name Pins/Function values Description
P Affected (default) P
Configuration CRC Checking Options
See Chapter 16, “Configuration CRC.”

CRC Configuration Enable Default. Enable CRC checking on the FPGA bitstream. If
error detected, FPGA asserts INIT_B Low and DONE pin
stays Low.

Disable Turn off CRC checking.
Reset_on_err Spartan-3A No Default. The FPGA halts upon encountering a configuration
Spartan-3AN CRC error.
Spartan-3A DSP - - -
FPGA only: Yes If a configuration CRC error occurs, the FPGA automatically
) re-initializes and retries the configuration process. Three
MultiBoot, CRC' attempts may occur before finally halting.
watchdog timer
post_crc_en Spartan-3A No Default. Disable the post-configuration CRC checker.
Spartan-3AN Y ble th i - hock
Spartan-3A DSP es Enable the post-configuration CRC checker.
FPGA only:
Post-
configuration
CRC checker
post_crc_freq Spartan-3A 1,3,6,7,8,10, | Sets the clock frequency used for the post-configuration CRC

checker. The available options are the same as for the
ConfigRate bitstream option.

FPGA only: 50, 100
Post-
configuration
CRC checker

post_crc_keep Spartan-3A No Default. Stop checking when error detected. Allows CRC
Spartan-3AN signature to be read back.
Spartan-3A DSP Y - heck £ f
FPGA only: es Continue to check for CRC errors after an error was detected.
Post-
configuration
CRC checker

glutmask Spartan-3A Yes Default. Mask out the Look-Up Table (LUT) bits from the
Spartan-3AN SLICEM logic slices. SLICEMs support writable functions
Spartan-3A DSP such as distributed RAM and SRL16 shift registers, which
FPGA only: generate CRC errors when bit locations are modified.
POStf . No Include the LUT bits from SLICEM logic slices. Use this
configuration option only if the application does not include any
CRC checker distributed RAM or SRL16 shift registers.
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Chapter 12

Sequence of Events

Overview

This chapter outlines the multi-stage configuration process for Spartan®-3 generation
FPGAs.

While each FPGA configuration mode uses a slightly different interface, the basic steps
involved are the same for all modes. Figure 12-1 shows the general Spartan-3 generation
FPGA configuration process. The details of the bitstream will also include the formatting
and command bits. The following subsections describe each step in detail, where the
current step is highlighted at the beginning of each subsection.

Steps
1 | 2 | 3 4 | 5 | 6 | 7 8

| | | | |

Wake from Clear Sample Control - Load Startu

Reset | configuration Pins Synchronization | Acr:]?éLD I Configuration | cRre check Sequenr::e
(power-on or | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream
S [
Setup Loading

Start Finish

UG332_c12_01_110406

Figure 12-1: Spartan-3 Generation FPGA Configuration Process

Setup for Configuration (Steps 1-3)

The Setup process is similar for all configuration modes. The Spartan-3 generation FPGA
first wakes from reset, initializes its internal configuration memory, and determines which
configuration mode to use by sampling the mode pins.

Wake from Reset

Steps
1 | 2 | 3 4 | 5 | 6 | 7 8
Wake from I Clear I Sample Control - I I Load I Start
Reset | Configuration | Pins Synchronization | Array 1D | Configuration | CRC Check s arup
(poweronor |  Memory | (M[2:0], VS[2:0]) | Check pata | equence
PROG_B) | | | L |
Bitstream
Setup ; —_———
Start Loading Finish
UG332_c12_02_110406
Figure 12-2: FPGA Wake from Reset
Spartan-3 generation FPGAs wake from reset in several possible ways.
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1. The FPGA powers on and the FPGA's internal Power-On Reset (POR) circuit holds the
FPGA in reset until the required voltage supplies reach appropriate levels.

The system pulses the PROG_B pin Low, which resets the FPGA.
The FPGA is reset via the dedicated JTAG interface using the JPROGRAM instruction.

The FPGA is reset via the Spartan-3A/3AN/3A DSP REBOOT command available
using the SelectMAP, JTAG, or ICAP interfaces.

5. On Spartan-3A/3AN/3A DSP FPGAs, the FPGA is reset if the Configuration
Watchdog Timer (CWDT) expires during configuration and less than three
configuration retries have occurred.

Power-On Reset (POR)

As shown in Figure 12-3, Spartan-3 generation FPGAs include a Power-On Reset (POR)
circuit that holds the FPGA in reset until all of the supply rails required for configuration
have reached their threshold levels. The three supplies required are the following.

1. Vet which supplies the internal FPGA core logic.
2. Vccaux which supplies the dedicated configuration pins.

3. VCCO_2 on Spartan-3A /3AN/3A DSP and Spartan-3E FPGAs or VCCO_4 (or
VCCO_BOTTOM in some packages where VCCO_4 and VCCO_5 are connected) on
Spartan-3 FPGAs, which supplies the interface pins connected to the external
configuration data source (i.e., PROM or processor).

Power On Reset (POR)

£ Veco2T
T
35
Zg W
) ]
TE Veentr H
=5
53 FPGA_RESET
& [NCCAUX
VccauxTH
PROG_B Glitch Filter
JPROGRAM
instruction
TC K UG332_c12_11_113006

Figure 12-3: Spartan-3A/3AN/3A DSP and Spartan-3E Reset Circuitry (Spartan-3is
similar)
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Setup for Configuration (Steps 1-3)

The FPGA monitors all three supplies. Once all three supplies exceed the specified
threshold voltage, summarized in Table 12-1, page 233 from the associated FPGA data
sheet, the POR circuit releases the internal reset and the FPGA can continue with the
configuration process unless the PROG_B pin is Low.

Table 12-1: Power-On Reset Threshold Voltages
Spartan-3A/3AN
POR Threshold Spartan-3A DSP Spartan-3E FPGA Spartan-3 FPGA .
Voltage Supply Specification EPGA Units

Min Max Min Max Min Max
VeeINT VeoINTT 04 1.0 0.4 1.0 0.4 1.0 \Y
VecAUX VCCAUXT 1.0 2.0 0.8 2.0 0.8 2.0 \Y
VCCO_2 Vecoor 1.0 2.0 0.4 1.0 \%
“VCX%?]?S’LF%%M”) Vecosr 0.4 1.0 v

Vet should rise monotonically within the specified ramp rate. If this is not possible,
delay configuration by holding the INIT_B pin or the PROG_B pin Low (see “Delaying
Configuration,” page 235) while the system power supplies reach the required POR
threshold.

After successfully configuring, the POR circuit continues to monitor the Vet and
Vceaux supply inputs. Should either supply drop below the its associated threshold
voltage, the POR circuit again resets the FPGA. VCCO?2 is not monitored after
configuration so that the user can reduce it as needed for low-voltage standards.

PROG_B Pin

The PROG_B resets the FPGA, regardless of the current state of the FPGA. For additional
information, see “Program or Reset FPGA: PROG_B,” page 52.

Power-Up Timing

Figure 12-4 shows the general power-up timing, showing the relationship between the
input voltage supplies, the INIT_B pin, and the PROG_B pin.
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VCCINT 7 1.2V
(Supply) Lov
VccAaux 7 2.5V
(Supply) Y

Vcco Bank 2
(Supply) "/ (See Table)

POR

SrALAANNARANANNANY

7
N

INIT_B
(Open-Drain)

CCLK
(Output)

M[2:0]
VS[2:0]
(Input)

PROG = Tp~]

T
AANANANANY a

MINIT

INITM
)OOOOOOGEjOOOO(

Pins Sémpled

Figure 12-4: FPGA Power-Up Timing Waveforms (Master Modes)

— m
T T

UG332_c12_13_111506

Table 12-2 lists and describes the power-up timing specifications shown in Figure 12-4.
Refer to the associated FPGA data sheet for any unlisted values.

Table 12-2: FPGA Power-Up Timing Specifications

Symbol Description Family Value Units
Tpor Power-On Reset delay from when all three Spartan-3 5to7
supplies reach their required threshold voltage
until the FPGA completes clearing its Spartan-3E Sto7 ms
configuration memory and INIT_B goes High. Spartan-3A 18
Tpr Delay from when PROG_B is released High Spartan-3 2to3
until the FPGA completes clearing its S
configuration memory and INIT_B goes High. partan-3E | 0.5t02 ms
Spartan-3A | 0.5to2
TprOG Minimum PROG_B pulse width required to Spartan-3 300
reset FPGA. ns
Spartan-3E 500
Spartan-3A
Ticck For Master configuration modes, the time from
the rising edge of INIT_B until CCLK output All 0.5t0 4 us
begins toggling.
Tyvngr | Setup time on M[2:0] mode-select pins and, in
Master SPI mode, the setup time on VS[2:0] All 50 ns
variant-select pins before the rising edge of
INIT_B.
Notes:

1. Spartan-3A represents the Spartan-3A, Spartan-3AN, and Spartan-3A DSP FPGA families.
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Setup for Configuration (Steps 1-3)

Clear Configuration Memory (Initialization)

Steps

1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |

Wake from Clear Sample Control A Load Start

Reset | Configuration Pins Synchronization | /:L?CLD I Configuration | cRre check Seqire%?:e
(power-onor | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream
Setup Loading L
Start Finish

Figure 12-5: Clear Configuration Memory (Initialization)

UG332_c12_03_110406

Configuration memory is cleared automatically after the FPGA wakes from a reset event.
During this time, I/Os are placed in a high-impedance (Hi-Z) state except for the dedicated
Configuration and JTAG pins. The INIT_B pin actively drives Low during initialization,
and then released after Tpor during a power-up event or after Tpy, for other cases. See
Figure 12-4. If the INIT_B pin is held Low externally, the FPGA waits at this point in the
initialization process until the pin is released.

The minimum Low pulse time for PROG_B is defined by the Tprog timing parameter. The
PROG_B pin can be held active (Low) for as long as necessary.

Sample Control Pins

Steps
1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |
Wake from Clear Sample Control - Load Startt
Reset I' configuration | Pins Synchronization | /ELZLD I Configuration I cre check SeqirelJnF;e
(power-onor | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream |
Setup Loading -
Start Finish

UG332_c12_04_110406

Figure 12-6: Sample Control Pins (Mode Select, Variant Select)

When the INIT_B pin returns High after initialization, the FPGA samples the M[2:0] mode
select pins and the VS[2:0] variant select pins. Shortly after, the FPGA begins driving CCLK
if the M[2:0] mode select pins define one of the Master configuration modes. The VS[2:0]
values are only used in Master SPI configuration mode. At this point, the FPGA begins
sampling the configuration data input pins on the rising edge of the configuration clock.

Delaying Configuration

There are three methods to delay configuration for Spartan-3 generation FPGAs.

1. Hold the PROG_B pin Low, which holds the FPGA in reset, Step 1 shown in
Figure 12-2, page 231.

2. Hold the INIT_B pin Low during initialization, which stalls the configuration process
in Step 2 shown in Figure 12-5, page 235. However, after the FPGA releases INIT_B
High, the application cannot subsequently delay configuration by pulling INIT_B
Low.

3. Hold the DONE pin Low, which prevents the FPGA from completing the Startup

Sequence, shown as Step 8 in Figure 12-11, page 240.
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Bitstream Loading (Steps 4-7)

The bitstream loading process is similar for all configuration modes; the primary
difference between modes is the interface between the FPGA and the source of
configuration data.

The important steps in the bitstream loading process are as follows.

e Synchronization

e Array ID check

¢ Loading configuration data
e CRC check

Each of these steps involves distinct parts of the configuration bitstream.

Synchronization

Steps

1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |

Wake from Clear Sample Control A Load Start

Reset | configuration | Pins SyRclichizaton| /XLZ{LD I Configuration I cre check Sequrel::;e
(power-onor | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | l L |
Bitstream
¢ [—
Setup Loading -
Start Finish

UG332_c12_05_110406

Figure 12-7: Synchronization

Embedded at the beginning of an FPGA configuration bitstream is a special
synchronization word. The synchronization word alerts the FPGA to upcoming
configuration data and aligns the configuration data with the internal configuration logic.
Any data on the configuration input pins prior to synchronization is ignored. Because the
synchronization word is automatically added by the Xilinx® bitstream generation
software, this step is transparent in most applications.

The length and contents of the synchronization word differ between the Spartan-
3A/3AN/3A DSP FPGA families and the Spartan-3 and Spartan-3E FPGA families, as
outlined in Table 12-3.

Table 12-3: Spartan-3 Generation FPGA Synchronization Word

FPGA Family Length (bits) Contents (hexadecimal)
Spartan-3A/3AN
Spartan-3A DSP 16 O0xAA99
Spartan-3
Spartan-3E 32 0xAA995566
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Check Array ID

Steps

1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |

Wake from Clear Sample Control A Load Start

Reset I configuration | Pins Synchronization | /g]z)(/:LD I Configuration | cre check Seqaure%?:e
(power-onor | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream
¢ J—
Setup Loading L
Start Finish

UG332_c12_06_110406

Figure 12-8: Check Array ID

After the FPGA is synchronized, the FPGA checks that the array ID embedded in the
bitstream matches its internal array ID. This prevents the FPGA from mistakenly
attempting to load configuration data intended for a different FPGA array. For example,
the array ID check prevents an XC351000 from being configured with an XC35200
bitstream.

The Spartan-3AN FPGA family can be configured with a Spartan-3A bitstream for the
equivalent size device, since they are compatible.

The array ID check is built into the bitstream, making this step transparent to most
designers. Table 12-4 shows the Spartan-3 generation array ID codes. Although the array
ID code is identical to the JTAG IDCODE register value, the array ID check is performed
using bitstream commands to the internal configuration logic, not through the JTAG
IDCODE register.

The array identifier is a 32-bit value. Within the 32-bit value, 28 bits are unique to a specific
FPGA array size while the additional four bits are a mask revision code, which varies
between 0x0 to OxF.

There are three components to the 28-bit vendor/array identifier value.

e The least-significant 12 bits, 0x093, represent the Xilinx vendor code (0x49),
appended to the least-significant bit which is always ‘1’, resulting in the value 0x093.
These 12 bits are consistent for all Spartan-3 generation FPGAs.

¢ The most-significant 8 bits represent the FPGA family code.
¢ 0x22:Spartan-3A family
¢ 0x26: Spartan-3AN family
¢ 0x38: Spartan-3A DSP family
¢ 0x1C: Spartan-3E family
¢ 0x14: Spartan-3 family

¢ The middle 8 bits represent an array-specific code.
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Table 12-4: Spartan-3 Generation FPGA Array ID Codes

32-bit Array Identifier
FPGA Family FPGA Array 4-bit Revision 28-bit Vendor/Array Identifier
Code (hexadecimal)
XC3S50A 0xX 0x22 10 093
XC35200A 0xX 0x22 18 093
Spli‘lﬂtGarXs’A XC3S400A 0xX 0x22 20 093
XC3S700A 0xX 0x22 28 093
XC3S1400A 0xX 0x22 30 093
XC3S50AN 0xX 0x26 10 093
XC3S200AN 0xX 0x26 18 093
Spartan-3AN XC3S400AN 0XX 0x26 20 093
FPGAs
XC3S700AN 0xX 0x26 28 093
XC3S1400AN 0xX 0x26 30 093
Spartan-3ADSP | XC3SD1800A 0xX 0x38 40 093
FPGAs XC3SD3400A 0XX 0x38 4E 093
XC3S100E 0xX 0x1C 10 093
XC3S250E 0xX 0x1C 1A 093
Splflﬁtgg':E XC3S500E 0xX 0x1C 22 093
XC3S1200E 0xX 0x1C 2E 093
XC3S1600E 0xX 0x1C 3A 093
XC3850 0xX 0x14 0C 093
XC35200 0xX 0x14 14 093
XC35400 0xX 0x14 1C 093
Spartan-3 XC351000 0xX 0x14 28 093
FPGAs XC3S1500 0XX 0x14 34 093
XC352000 0xX 0x14 40 093
XC354000 0xX 0x14 48 093
XC355000 0xX 0x14 50 093

The FPGA indicates if the array value does not match by setting Bit 1 (ID_Err) in the STAT
(Status) register, as shown in Table 12-5. There are various methods to read the status
register, including via JTAG using the Xilinx iMPACT software, or by using the SelectMAP

interface.
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Table 12-5: STAT Register

Name Bit Description

0: Array ID value matched expected value.

ID_Err 1| 1: Array ID value embedded in bitstream does not match the value
read from the FPGA

Load Configuration Data Frames

Steps

1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |

Wake from Clear Sample Control A Load Start

Reset | configuration Pins Synchronization | /?:rrr]a;)::LD I Configuration I cRC check Seqireli\’r):e
(power-onor | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream
Setup Loading L
Start Finish

UG332_c12_07_110406
Figure 12-9: Load Configuration Data Frames

After the synchronization word is loaded and the array ID is checked, the configuration
data frames are loaded.

Cyclic Redundancy Check

Steps

1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |

Wake from Clear Sample Control - Load Start

Reset | Configuration Pins Synchronization | ’E:?;LD | Configuration | CRC Check Seqirelﬁée
(power-on or | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream
Setup Loading -
Start Finish

UG332_c12_08_110406
Figure 12-10: Cyclic Redundancy Check

As the configuration data frames are loaded, the FPGA calculates a Cyclic Redundancy
Check (CRC) value from the configuration data packets. After the configuration data
frames are loaded, the configuration bitstream, by default (CRC:Enable), issues a Check
CRC instruction to the FPGA, followed by an expected CRC value. If the CRC value
calculated by the FPGA does not match the expected CRC value in the bitstream, then the
FPGA pulls INIT_B Low and aborts configuration.

Refer to “CRC Checking during Configuration,” page 299 for additional information.
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Startup

Steps

1 | 2 | 3 4 | 5 | 6 | 7 8
| | | | |

Wake from Clear Sample Control oot Load Startu

Reset Configuration | Pins Synchronization | @L?;LD I Configuration I cre check Sequen[::e
(power-on or | Memory | (M[2:0], VS[2:0]) | | Data |
PROG_B) | | | | |
Bitstream
; e ——
Setup Loading -
Start Finish

UG332_c12_09_110406
Figure 12-11: Startup Sequence

After successfully loading the configuration frames, the bitstream instructs the FPGA to
enter the Startup sequence. The Startup sequence is controlled by an 8-phase (phases 0-7)
sequential state machine. The startup sequencer performs the tasks outlined in Table 12-6.

Table 12-6: User-Selectable Cycle of Startup Events

BitGen
Startup Event Phase Control
Wait for DCMs to Lock (optional) 1-6 LCK_cycle
Spartan-3 FPGA family only: Wait for DCI to Match (optional). 1-6 Match_cycle

Assert Global Write Enable (GWE), allowing RAMs and flip-flops

to change state 1-6 GWE_cycle

Release the Global 3-State (GTS), activating I/0 1-6 GTS_cycle
Release DONE pin 1-6 DONE_cycle
End Of Startup (EOS) 7 N/A

The specific order of startup events, except for the End of Startup (EOS) is user-
programmable through various bitstream generator options. Table 12-7 and Figure 12-12,
page 241 show the general sequence of events, although the specific phase for each of these
startup events is user-programmable. EOS is always the last phase. By default, startup
events occur as shown in Table 12-7.

Table 12-7: Default BitGen Sequence of Startup Events

. Default
gcl)tri(ragl Setting Event
(Phase)
DONE _cycle 4 Release DONE pin, mIdlcatmg that the FPGA successfully
completed configuration.
GTS_cycle 5 Release the global three-state control (GTS), activating I/O
GWE_cycle 6 Assert the global write-enable (GWE), allowing RAM and flip-
flops to change state
N/A 7 Assert EOS

The FPGA automatically pulses the Global Set/Reset (GSR) signal when entering the
Startup sequence, forcing all flip-flops and latches in a known state. The sequence and
timing of how the FPGA switches over is programmable as is the clock source controlling
the sequence.
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The default start-up sequence appears in Figure 12-12, where the Global Three-State signal
(GTS) is released one clock cycle after DONE goes High. This sequence allows the DONE
signal to enable or disable any external logic used during configuration before the user
application in the FPGA starts driving output signals. One clock cycle later, the Global
Write Enable (GWE) signal is released. This allows signals to propagate within the FPGA
before any clocked storage elements such as flip-flops and block ROM are enabled.

The function of the dual-purpose 1/O pins, such as M[2:0], VS[2:0], HSWAP, PUDC_B, and
A[25:0], also changes when the Global Three-State (GTS) signal is released. The dual-
purpose configuration pins become user 1/Os. The exception on Spartan-3E and Spartan-
3A/3AN/3A DSP FPGAs is the CCLK pin, which becomes a user-I/O pin at the End of
Startup (EOS).

Default Cycles

Start-Up Clock ||||||||||||||||||
Phase o)1 k23 k4 ks K6 A7

DONE

GTS I
GWE I

Sync-to-DONE

Start-Up Clock ||||||||||||||||||
Prase.  of1 X2 X3 K4 X5 K6 )7

DONE High —

DONE |

GWE

|

|

|
GTS | |

|

I

|

UG332_c12_10_110406

Figure 12-12: Default Start-Up Sequence
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Startup Clock Source

There are three possible clock sources for the Startup sequencer, controlled by the
StartupClk bitstream generator option.

1. By default, the start-up sequence is synchronized to CCLK. The Cclk option or the
UserClk option is required for Master Mode or Slave Mode configuration.

2. Alternatively, the start-up sequence can be synchronized to a user-specified clock from
within the FPGA application using the “Start-Up (STARTUP),” page 247 library
primitive and by setting the StartupClk:UserClk bitstream generator option.

3. When using JTAG configuration, the start-up sequence must be synchronized to the
TCK clock input (StartupClk:JtagClk).

Waiting for DCMs to Lock, DCI to Match

The startup sequence can be forced to wait for the DCMs to lock or for DCI to match with
the appropriate BitGen options. These options are typically set to prevent DONE, GTS, and
GWE from being asserted (preventing FPGA operation) before the DCMs have locked
and/or DCI has matched.

The DONE signal is released by the startup sequencer on the cycle indicated in the
bitstream, set by the DONE_cycle bitstream generator option. However, the Startup
sequencer does not proceed beyond the specified Startup cycle until the DONE pin
actually sees an external logic High. The DONE pin is an open-drain bidirectional signal by
default. By releasing the DONE pin, the FPGA simply stops driving a logic Low and the
pin goes into a high-impedance (Hi-Z) state. A pull-up resistor, either internal or external,
is required for the DONE pin to reach a logic High in this case. Table 12-8 shows signals
relating to the startup sequencer. Figure 1-12 shows the waveforms relating to the startup
sequencer.
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Table 12-8: Signals Relating to Startup Sequencer

Signal Name

Type

Access

Description

DONE

Bidirectional

DONE pin or
Status Register

Indicates configuration is complete.
Can be held Low externally to
synchronize startup with other
FPGAs.

Release_ DONE

GWE

GTS

EOS

DCI_MATCH

DCM_LOCK

Status

Status Register

Indicates whether the FPGA has
stopped driving the DONE pin Low. If
the pin is held Low externally,
Release_ DONE can differ from the
actual value on the DONE pin.

Global Write Enable (GWE). When
deasserted, GWE disables the CLB and
the IOB flip-flops as well as other
synchronous elements on the FPGA.

Global 3-State (GTS). When asserted,
GTS disables all the I/O drivers except
for the configuration pins.

End of Startup (EOS). EOS indicates
the absolute end of the configuration
and startup process.

Spartan-3 FPGA Family only.
DCI_MATCH indicates when all the
Digitally Controlled Impedance (DCI)
controllers have matched their
internal resistor to the external
reference resistor.

DCM_LOCK indicates when all the
Digital Clock Managers (DCMs) have
locked. This signal is asserted by
default. It is active if the LOCK_WAIT
option is used on a DCM and the
LCK_cycle option is set in the
bitstream.

Figure 12-13 is a generalized block diagram of the configuration logic, showing the
interaction of different device inputs and Bitstream Generator (BitGen) options.
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Figure 12-13: Spartan-3A/3AN/3A DSP, Spartan-3E FPGA Configuration Logic Conceptual Block Diagram
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Chapter 13

Configuration-Related Design
Primitives

The following configuration primitives provide access to FPGA configuration resources
during or after FPGA configuration.

Boundary-Scan (BSCAN)

The BSCAN component, shown in Figure 13-1, provides access to and from the JTAG
Boundary Scan logic controller from internal FPGA logic, allowing communication
between the internal FPGA application and the dedicated JTAG pins of the FPGA. The
BSCAN primitive is not required for normal JTAG operations. It is only required when
implementing private JTAG scan chains within the FPGA logic. Although the BSCAN
primitive is functionally equivalent on all Spartan®-3 generation FPGAs, the primitive
name varies by family, as shown in Table 13-1, page 246.

(Use for Spartan-3A/3AN/3A DSP)
BSCAN_SPARTAN3A

—p{ TDO1 TCK (Use for Spartan-3 and Spartan-3E)
™S b BSCAN_SPARTAN3
CAPTURE | —» TDO1 CAPTURE |-
DRCK1 | DRCK1 |
DRCK2 | DRCK2 |
RESET [-—» RESET |-»
SEL1 | SELL |
SEL2 | SEL2 |-
SHIFT | SHIFT |-
DI | DI
—p TDO2 UPDATE |- —p TDO2 UPDATE |-

UG332_C13_01_040107

Figure 13-1: BSCAN Primitive for Spartan-3A/3AN/3A DSP FPGAs
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Usage

Table 13-1: BSCAN Primitives by FPGA Family
FPGA Family Primitive

Spartan-3A /3AN FPGAs
Spartan-3A DSP FPGAs

BSCAN_SPARTAN3A

Spartan-3E FPGAs
Spartan-3 FPGAs

BSCAN_SPARTAN3

The BSCAN primitive on Spartan-3 generation FPGAs allows up to two internal, private
boundary scan chains called USER1 and USER?2.

A signal on the TDO1 input is passed to the external TDO output when the USER1
instruction is executed; the SEL1 output goes High to indicate that the USER1 instruction is
active. The DRCK1 output provides USER1 access to the data register clock (generated by
the TAP controller). The TDO2 and SEL2 pins perform a similar function for the USER2
instruction and the DRCK2 output provides USER2 access to the data register clock
(generated by the TAP controller). The RESET, UPDATE, SHIFT, and CAPTURE pins
represent the decoding of the corresponding state of the boundary scan internal state
machine. The TDI pin provides access to the TDI signal of the JTAG port in order to shift
data into an internal scan chain.

The BSCAN component is generally used with IP, such as the ChipScope™ analyzer tool,
for communications via the JTAG pins of the FPGA to the internal device logic. When used
with this IP, this component is generally instantiated as a part of the IP and nothing more
is needed by the user to ensure it is properly used. However, the BSCAN component can
be instantiated in any FPGA design although only one BSCAN component can be used in
any single design.

Port Descriptions

Table 13-2: BSCAN Primitive Connections

Port Name Direction Function
TDI Output The value of the TDI input pin to the FPGA.
TCK Output The value of the TCK input pin to the FPGA.
TMS Output The value of the TMS input pin to the FPGA.

The value of the TCK input pin to the FPGA when the
JTAG USER instruction is loaded and the JTAG TAP
controller is in the SHIFT-DR state. DRCK1 applies to the
USERT1 logic while DRCK2 applies to USER2.

DRCK1, DRK2 Output

Active upon the loading of the USER instruction. It asserts
RESET Output High when the JTAG TAP controller is in the TEST-
LOGICRESET state.

Indicates when the USER1 or USER?2 instruction is loaded
into the JTAG Instruction Register. SEL1 or SEL2 becomes
active in the UPDATE-IR state, and stays active until a
new instruction is loaded.

SEL1, SEL2 Output
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Table 13-2: BSCAN Primitive Connections (Continued)

Port Name Direction Function

Active upon the loading of the USER instruction. It asserts
SHIFT Output High when the JTAG TAP controller is in the SHIFT-DR
state.

Active upon the loading of the USER instruction. Asserts

CAPTURE Output High when the JTAG TAP controller is in the CAPTURE-
DR state.
Active upon the loading of the USER instruction. It asserts
UPDATE Output High when the JTAG TAP controller is in the UPDATE-DR
state.

Active upon the loading of the USER1 or USER2
TDO1, TDO2 Input instruction. External JTAG TDO pin reflects data input to
the component's TDO1 (USER1) or TDO2 (USER?2) pin.

Start-Up (STARTUP)

The STARTUP primitive is used to either interface device pins and/or logic to the global
asynchronous set/reset (GSR) signal, or for global, 3-state (GTS) dedicated routing. This
primitive can also be used to specify a different clock for the device startup sequence at the
end of configuring the device.

STARTUP_SPARTANS3

STARTUP_SPARTAN3A STARTUP_SPARTAN3E
—1{GsR —1{GsRr
—{GTs —{GTs
—{™MBT
—PbcLK —pcLk

UG332_C13_02_120106

Figure 13-2: STARTUP Primitive for Spartan-3A/3AN/3A DSP and Spartan-3E
FPGAs

As shown in Figure 13-2, the STARTUP primitive is similar between Spartan-3 generation
FPGA families, although the Spartan-3E STARTUP primitive has an additional input pin to
support MultiBoot functions. The specific STARTUP primitive name also varies by family,
as indicated in Table 13-3.

Table 13-3: STARTUP Primitives by FPGA Family

FPGA Family Primitive
Spartan-3A /3AN FPGAs
STARTUP_SPARTAN3A
Spartan-3A DSP FPGAs
Spartan-3E FPGAs STARTUP_SPARTANGZE
Spartan-3 FPGAs STARTUP_SPARTAN3
Spartan-3 Generation Configuration User Guide www.xilinx.com 247
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Usage

The STARTUP primitive must be instantiated into the design. To use the dedicated GSR
circuitry, connect the sourcing pin or logic to the GSR pin. However, avoid using the GSR
circuitry of this component unless certain precautions are taken first. Since the skew of the
GSR net cannot be guaranteed, either use general routing for the set/reset signal in which
routing delays and skew can be calculated as a part of the timing analysis of the design, or
ensure that possible skew during the release of GSR will not interfere with proper circuit
operation.

Similarly, if the dedicated global 3-state is used, connect the appropriate sourcing pin or
logic to the GTS input pin of the primitive. In order to specify a user clock for the startup
sequence of configuration, connect a clock from the design to the CLK pin of the STARTUP
component.

Port Descriptions

Table 13-4: STARTUP Primitive Connections

Port Name Direction Function
GSR Input Active-High global set / reset (GSR) signal.
GTS Input Active-High global 3-state (GTS) signal.
MBT Input Spartan-3E family only. Active-Low, asynchronous

MultiBoot trigger input.

Optional clock input to the configuration Startup
CLK Input sequencer, selected using StartupClk:UserClk bitstream
option.

Readback Capture (CAPTURE)

The CAPTURE primitive, shown in Figure 13-3, provides FPGA application control over
when to capture register (flip-flop and latch) information for readback. Spartan-3
generation FPGAs provide the readback function through dedicated configuration port
instructions.

CAPTURE_SPARTAN3A

—] CAP

—pCLK

UG332_C13_03_081406

Figure 13-3: CAPTURE Primitive for Spartan-3A/3AN/3A DSP FPGAs (other families
are similar)

Caution! On Spartan-3E FPGAs, Readback is available on all devices except for the
XC3S1200E and XC3S1600E in the -4 speed grade, in the commercial temperature range.
Readback is supported on all Spartan-3E FPGAs available in the -5 speed grade or in the
industrial temperature range.
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Usage

The CAPTURE primitive is optional within a design. Without it, Readback is still
performed, but the asynchronous capture function it provides for register states is not
available.

Spartan-3 generation FPGAs only capture register (flip-flop and latch) states. Although
LUT RAM, SRL, and block RAM bit values are read back, their values cannot be captured.
To capture the register states, assert the CAP signal High. The state is captured on the next
rising edge of CLK.

By default, data is captured after every trigger (transition on CLK while CAP is asserted).
To limit the readback operation to a single data capture, add the ONESHOT attribute to
CAPTURE devices.

Although the CAPTURE primitive functions equivalently on all Spartan-3 generation
FPGA families, the required design primitive varies by family, as indicated in Table 13-5.

Table 13-5: CAPTURE Primitive by FPGA Family
FPGA Family Primitive

Spartan-3A /3AN FPGAs
Spartan-3A DSP FPGAs

CAPTURE_SPARTAN3A

Spartan-3E FPGAs
CAPTURE_SPARTANS3

Spartan-3 FPGAs

For more information on Readback and the CAPTURE primitive, see XAPP452: Spartan-3
Advanced Configuration Architecture.

Port Description

Attributes

Table 13-6: CAPTURE Primitive Connections

Port Name Direction Description

CLK Input Clock for sampling the CAP input.

Active-High capture enable. The CAP inputis sampled by

CAP Input the rising edge of CLK.

Table 13-7 describes the ONESHOT attribute available on the CAPTURE primitive.
Table 13-7: CAPTURE Attributes

. Allowed _
Attribute Type values Default Description
TRUE, Specifies the procedure for performing
ONESHOT | Boolean FALSE FALSE single readback operation per CAP trigger.
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Internal Configuration Access Port (ICAP)

Usage

The Internal Configuration Access Port (ICAP), shown in Figure 13-4, is only available on
the Spartan-3A/3AN/3A DSP FPGA families.

The ICAP_SPARTANS3A primitive works similar to the Slave Parallel (SelectMAP)
configuration interface except it is available to the FPGA application using internal routing
connections. Furthermore, the ICAP primitive has separate read and write data ports, as
opposed to the bidirectional bus on the Slave Parallel (SelectMAP) interface. ICAP allows
the FPGA application to access configuration registers, readback configuration data, or to
trigger a MultiBoot event after configuration successfully completes.

For additional information on the Slave Parallel (SelectMAP) interface, see Chapter 7,
“Slave Parallel (SelectMAP) Mode.”

For additional information on Spartan-3A/3AN/3A DSP MultiBoot, Chapter 14,
“Reconfiguration and MultiBoot.”

ICAP_SPARTANSA

d I[0:7]  O[0:7] h
:g WRITE  BUSY|—
CE

—PpCLK

UG332_C13_04_111906

Figure 13-4: ICAP Primitive (only available on Spartan-3A/3AN/3A DSP FPGAS)

Port Description

Caution! Xilinx convention defines 10 and OO0 as the most-significant bits; I7 and O7 are the
least-significant bits. This is different than conventions elsewhere. Watch out for bit reversals!

Table 13-8: ICAP_SPARTANS3A Primitive Connections

Sianal Equivalent
9 SelectMAP Pin | Direction Description
Name
Name
CLK CCLK Input ICAP interface clock
CE CS_Bor CSI_B Input Active-Low select
Read/Write control input
WRITE RDWR_B Input 0 = WRITE
1=READ
1[0:7] DJ[0:7] Input Byte-wide ICAP write data bus
O[0:7] DJ[0:7] Output Byte-wide ICAP read data bus
Active-High busy status. Only used in read
BUSY bouT Output operations. BUSY remains Low during writes.
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Device DNA Access Port (DNA_PORT)

Usage

The DNA_PORT primitive, shown in Figure 13-5 is only available on the Spartan-
3A/3AN/3A DSP FPGA families.

DNA_PORT
—1DIN DOUT |—
—READ
— 1 SHIFT
—BCLK

UG332_C13_05_081406

Figure 13-5: DNA_PORT Primitive (only available on Spartan-3A/3AN/3A DSP
FPGAS)

The DNA_PORT provides access to a dedicated shift register which can be loaded with the
Device DNA data bits (unique ID) for a given Spartan-3A/3AN/3A DSP device. In
addition to shifting out the DNA data bits, this component allows for the inclusion of
supplemental data bits for additional user data or allow for the DNA data to rollover
(repeat DNA data after initial data has been shifted out). This component is primarily used
in conjunction with other circuitry to build anti-cloning protection for the FPGA bitstream
from possible theft. See Chapter 15, “Protecting FPGA Designs,” for additional
information.

The DNA_PORT component must be instantiated in order to be used in a design. To do so, use
the instantiation template found within the ISE® software Project Navigator HDL Templates
and place this instance declaration within the code. Connect all inputs and outputs to the
design in order to ensure proper operation.

In order to access the Device DNA data, the shift register must first be loaded by setting the
active high READ signal for one clock cycle. After the shift register is loaded, the data may be
synchronously shifted out by enabling the active high SHIFT input and capturing the data out
the DOUT output port. If desired, additional data may be appended to the end of the 57-bit shift
register by connecting the appropriate logic to the DIN port. If DNA data rollover is desired,
connect the DOUT port directly to the DIN port to allow for the same data to be shifted out after
completing the 57-bit shift operation. If no additional data is necessary, the DIN port may be
tied to a logic zero. The attribute SIM_DNA_VALUE may be optionally set to allow for
simulation of a possible DNA data sequence. By default, the Device DNA data bits are all zeros
in the simulation model.

See “Operation,” page 284 for additional information.
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Port Descriptions

Table 13-9: DNA_PORT Primitive Connections

Port Name Direction Function
DOUT Output Serial shifted output data
DIN Input User data input to the shift register
Synchronous load of the shift register with the Device
READ Input DNA data A READ operation overrides a SHIFT
operation.
SHIFT Input Active high shift enable input
CLK Input Clock Input
Attributes
Table 13-10: DNA_PORT Attributes
. Allowed _—
Attribute Type values Default Description
Specifies a DNA value for
SIM_DNA_VALUE 57-bit | Any 57-bit All zeros snnulahpn purposes (the actual
vector value value will be specific to the
particular device used)
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Chapter 14

Reconfiguration and MultiBoot

Overview

Because Spartan®-3 generation FPGAs are reprogrammable, in the system, some
applications reload the FPGA with one or more bitstream images during normal operation.
In this way, a single, smaller FPGA, reprogrammed multiple times, replaces a much larger
and more expensive ASIC or FPGA programmed just once.

There are a variety of methods to reprogram the FPGA during normal operation. The
downloaded configuration modes (see Figure 1-2, page 27) inherently provide this
capability. Via an external “intelligent agent” such as a processor, microcontroller,
computer, or tester, an FPGA can be reprogrammed numerous times. The downloaded
modes are available on all Spartan-3 generation FPGA families.

The Spartan-3E and Spartan-3A /3AN/3A DSP FPGA families introduce a new capability,
called MultiBoot, that allows the FPGA to selectively reprogram and reload its bitstream
from an attached external memory.

The MultiBoot feature allows the FPGA application to load two or more FPGA bitstreams
under the control of the FPGA application. The FPGA application triggers a MultiBoot
operation, causing the FPGA to reconfigure from a different configuration bitstream. As
shown in Table 14-1, there are differences between MultiBoot on Spartan-3E and
Spartan-3A/3AN/3A DSP FPGAs.

Once a MultiBoot operation is triggered, the FPGA restarts its configuration process as
usual. The INIT_B pin pulses Low while the FPGA clears its configuration memory and the
DONE output remains Low until the MultiBoot operation successfully completes.

For Spartan-3E FPGA applications, see “Spartan-3E MultiBoot,” page 255. For Spartan-
3A/3AN/3A DSP FPGA applications, see “Spartan-3A /3AN/3A DSP MultiBoot,”
page 263.

MultiBoot Options Compared between Spartan-3 Generation FPGA

Families
Table 14-1 highlights the primary MultiBoot differences between Spartan-3 generation
FPGA families. The MultiBoot feature is available only on the Spartan-3E and Spartan-3A
FPGA families.
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Table 14-1: MultiBoot Options on Spartan-3 Generation FPGA Families
Spartan-3A/3AN
Spartan-3 Spartan-3E Spartan-3A DSP
Application complexity More complex, but
Simple also more capable
and flexible
MultiBoot in BPI mode using parallel NOR Yes Yes
Flash
MultiBoot in SPI mode using SPI serial Flash No Yes
MultiBoot from In-System Flash memory No Spartan-3AN only(®)
MultiBoot between different configuration
No Yes
modes
Mul‘leoot supports mu!’a—FPGA Nis, iriile FECLA oy Yes
configuration daisy chains
How is MultiBoot triggered by FPGA Via command
application? sequence to ICAP
MBT input on primitive, JTAG
STARTUP primitive | interface, Slave Serial,
or Slave Parallel
(SelectMAP) interface
Maximum number of MultiBoot MultiBoot not Limited only by the
configuration images available on Spartan- | 2 (top and bottom of amount of
3 FPGA family. parallel Flash) configuration
memory
Bitstream start locations and addressing Ether at address 0

direction

Initial MultiBoot image location

Can FPGA application specify MultiBoot start
address?

Configuration watchdog timer automatically
reconfigures FPGA starting at address 0 if
MultiBoot operation fails

with incrementing
addresses or highest

Any byte location,
always with

PROM address with incrementing
decrementing addresses
addresses
Controlled by MO
mode pin.
0 = Address 0 Always at address 0
1 = Highest PROM
address
No (always top and
bottom of parallel Yes
Flash)
No Yes

Notes:

1. See Spartan-3AN Errata regarding limitations using MultiBoot after configuration from the in-system Flash.
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Spartan-3E MultiBoot

Spartan-3E MultiBoot

After the FPGA configures itself using BPI mode from one end of the parallel Flash PROM,
then the FPGA can trigger a MultiBoot event and reconfigure itself from the opposite end
of the parallel Flash PROM. MultiBoot is only available when using BPI mode and only for
applications using a single Spartan-3E FPGA. MultiBoot does not support multi-FPGA
configuration daisy chains.

By default, the MultiBoot feature is disabled. To use MultiBoot in an application, the FPGA
design must first include a STARTUP_SPARTANBS3E design primitive, described in
“Start-Up (STARTUP),” page 247. To trigger a MultiBoot event, assert a Low pulse lasting
at least 300 ns on the MultiBoot Trigger (MBT) input to the primitive. When the MBT signal
returns High after the Low pulse, the FPGA automatically reconfigures from the opposite
end of the parallel Flash memory.

Figure 14-1 illustrates a simple MultiBoot design example. At power up, the FPGA loads
itself from the attached parallel Flash PROM. In this specific example, the MO mode pin is
Low so the FPGA configures starting at Flash address 0 and increments through the PROM
memory locations. After the FPGA completes configuration, this example FPGA
application performs a board-level or system test using FPGA logic. If the test is successful,
the FPGA then triggers a MultiBoot event, causing the FPGA to reconfigure from the
opposite end of the Flash PROM memory, in this case starting at address OXFFFF. The
FPGA actually starts at address OxF_FFFF but the upper four address bits, A[23:20], are
not connected to the PROM in this example. The FPGA addresses the second configuration
image, which in this example contains the FPGA application for normal operation.

Similarly, the second FPGA application could trigger another MultiBoot event at any time
to reload the diagnostics design from address 0, and so on.

1Mbyte Parallel PROM 1Mbyte Parallel PROM
OXFFFFF OXFFFFF
General
FPGA
STARTUP_SPARTAN3E Application
MultiBoot
Trigger — GSR
pulse from
application — GTS
| I - — MBT
> 300 ns CLK
Diagnostics
FPGA Reconfigure
Application
0 0
First Configuration Second Configuration

DS332_c14_01_082006

Figure 14-1: Example Spartan-3E MultiBoot Application using 1Mbyte Parallel Flash PROM

In another potential application, the initial design loaded into the FPGA image contains a
“golden” or “fail-safe” configuration image, which then communicates with the outside
world and checks for a newer FPGA configuration image. If there is a new configuration
revision and the new image verifies as good, the “golden” configuration triggers a
MultiBoot event to load the new image.
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When a MultiBoot event is triggered, the FPGA then again drives its configuration pins as
described in Chapter 5, “Master BPI Mode.”. However, the FPGA does not assert the
PROG_B pin. The system design must ensure that no other device drives on these same
pins during the reconfiguration process. The FPGA’s DONE, LDC[2:0], or HDC pins can
can be used to temporarily disable any conflicting drivers during reconfiguration.

Asserting the PROG_B pin Low overrides the MultiBoot feature and forces the FPGA to
reconfigure starting from the end of memory defined by the mode pins, shown in
Table 5-2, page 141.

Generating a Spartan-3E MultiBoot PROM Image using iIMPACT

The iMPACT programming software provides a graphical, step-by-step approach to create
a MultiBoot PROM file. Similar functionality is also available from the command line or
via scripts using the PROMGen utility, shown in Figure 14-10. Follow the steps outlined
below to create a MultiBoot PROM file using the iMPACT software. The steps assume an
example application like that shown in Figure 14-1.

1. Invoke the iMPACT programming software.
2. Asshown in Figure 14-2, choose Prepare a PROM File.

HCIMPACT - Welcome to iIMPALCT

—FPleaze select an action fromm the list belaw

" Configure devices using Boundary-Scan [JTAG)

\2/' I Autormatically connect to a cable and identify Boundary-Scan chain j

% Prepare a PROM File
= Prepare a System ACE File

= Prepare a Boundany-Scan File

SWF v
= Configure devices
using Slave Seral mode =1
\ 3/
\3/
¢ Back et » Cancel

UG332_cl14_04_112906
Figure 14-2: Prepare a MultiBoot PROM Image

3. Click Next.
4. As shown in Figure 14-3, target a PROM Supporting Multiple Design Revisions.
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HZIMPALT - Prepare PROM Files

| want to target a

il PROM
™~ Generic Parallel PROM

\‘/f‘ 3rd-Party 5P| PROM \5/

i+ PROM Supparting Multiple Design Wersions: |Spartan3E MultiB oot j
\G/F'FIDM File Farmat
f+ MCS i TEK = UFP [T format]
= Ex0 = BIM il =]
 HE= ["|Swap Bitz
\ 7 /

Checksum Fill Value (2 Hex Digis): [FF N\ /

FROM File Marme:  byptduliBootPROM

Location: IE:'\Data'\m_l,l_u:lesigns'\ﬂe_multil:unnt'x i 8/ Browze. .. |

< Back Mext » Caricel |

UG332_c14_03_112906

Figure 14-3: Select a PROM Supporting MultiBoot for Spartan-3E FPGAS

Choose the Spartan3E MultiBoot method.

Select a PROM File Format. The MCS format is supported by a variety of
programmers, but other options are available.

Enter a PROM File Name.
Click Next.

As shown in Figure 14-4, select the Initial Boot Direction. This is the location from
where the first configuration image loads. The initial location depends on the BPI
mode pin settings.
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“IZIMPALCT - Spartan3E MultiBoot PROM

Spartan 3E

Spartan 3E MuliBoot PROM \9/
[uP -]

Uzing BFl Mode.  Initial Boot Direction:

\.10

< Back Mext » Cancel |

UG332_c14_05_112906
Figure 14-4: Select the Configuration Direction of the First MultiBoot Image

10. Click Next.
11. As shown in Figure 14-5, Select a Parallel PROM Density, measured in bytes.

11 12
“IZIMPACT - Spartan3E BPI PROM Prope M=l Ed
Select a Parallel PROM Density [Butes] I TI Add |
Posiion ~ Densiy

0 ™

Delete Al |

[rata Stream Enable [rata Addi[23:0]
[Yerzion]  Data Stream Direction  [Hex)

Default ar 0 WV Up IEI
1 = Down |FFFFF 13 /
¢ Back Mewut » Cancel

UG332_c14_06_112906

Figure 14-5: Select a PROM Size and Add It to the Design

12. Click Add to use the PROM density specified in Step 11. In Spartan-3E MultiBoot
mode, only a single PROM is allowed. The PROM density also determines the highest
PROM address location.

13. Click Next.

14. The iMPACT software summarizes the current settings, as shown in Figure 14-6. Click
Finish to continue.
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1ZIMPALT - File Generation Summary
'ou have entered following information:

FROM Type: Parallel

File Format mcs

Fill % alue FF
FROM filenarme: ntitled
Mumber of PROM= 1

1] 1k
Click "Finizh" to ztart adding device files. \i|-4/

< Back Finizh Cancel |

UG332_c14_07_112906

Figure 14-6: Confirm the PROM Settings

15. As shown in Figure 14-7, start selecting the FPGA configuration bitstream for the
design that initially loads at power-up or when the PROG_B input is pulsed Low.

% Add Device

@ Start adding device file ko

Initial Book Bitskream _
15 x| « @& k-

I:S kemplates
s W
! First_rmultiboot_image. bit

second_multiboot_image, bik

Deskiop W
-

File name: Ifirst_multil:u:n:nt_image. bt j Dpen

Files of type: | FPGA Bit Files [* bit) | Cancel |
g

UG332_c14_08_081906

Figure 14-7: Select the First MultiBoot Configuration Image

16. Using the file selection mechanism for your operating system, choose the initial
bitstream. This bitstream is loaded at the initial PROM location specified in Step 9.

17. Click Open.
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18.

“LIMPACT

As shown in Figure 14-8, the iMPACT software then prompts for the second MultiBoot
configuration image.

e — T

| = ®ckE-

ZL  MNow adding the Second Gitstream
W
ook

....................................

Fdy
Do

Fi

Fi

E

™ Fivck renlFibiamb irnzns kil

kemplates
®sk

W

cond_riultiboaok_irmage:. bik

7 Add Device

-

Open
ou have completed the device file entrey.
@ Click. "Ck' ko conbinue TI Caticel |

2

W

UG332_c14_09_082006

Figure 14-8: Select the Second MultiBoot Configuration Image

19.
20.
21.
22.

Select the . bi t file for the second image.
Click Open.
The iMPACT software then confirms that all the necessary files are entered.

As shown in Figure 14-9, the iMPACT software reports how much of the PROM is
consumed by the FPGA configuration bitstream files. Double-click Generate File.
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EFIP 1 Daisy- Chai
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- gl SlaveSerial
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Data B
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PROM File Generation Succeeded
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Generate File.. I
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Figure 14-9: Generate the PROM File Using the Specified Parameters

23. The iMPACT software successfully generates a PROM file using the name specified in
Step 7 with the format and file extension specified in Step 6. The file is created in the
current directory. A “PROMGen Report File” is also created.

PROMGen Report File

The iMPACT software creates the PROM file using the PROMGen command-line
program. The PROMGen software also creates a report file with an * . pr mfile extension, as
shown in Figure 14-10.
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PROMEEN: Xilinx Prom Generator | .32
Copyri ght éﬁ) 1995-2006 Xilinx, Inc. Al r@ts reserved .

prongen -w -p ncs -¢ FF -o MyMul ti Boot PROM -u O first _multiboot _i nage. bit

-d fffff second_nultiboot _i mage. bit

- s 1024

PROM MyMul ti Boot PROM. prm

Cal cul ati ng PROM checksumwith fill value ff

For mat Mes 86 (32-bit)
Si ze 1024K
PROM st art 0000: 0000
PROM end 000f: ffff
PROM checksum 07515767
Addr 1 Addr 2 Date File(s)
0000: 0000 0004 : 547f Aug 18 22:38: 14 2006 first multiboot image. bit
.OOOf Cffff 000b: ab80 Aug 18 22:37: 07 2006 second nultiboot image.bit

UG332_c14_11_082006

Figure 14-10: PROMGen Report File (*.prm)

The following items correspond to the markers in Figure 14-10.

1.

PROMGen is the command-line program that generates PROM programming files
using the specified format.

Various formats are available. The Intel MCS format is one of the popular options.
The base output file name. The extension depends on the selected format.

In the example shown above, the first MultiBoot file is loaded for the BPI Up mode,
meaning that the file starts at address 0.

The second MultiBoot file is loaded at the opposite end of memory, in this case at the
maximum PROM address and loaded downward.

The PROM size is specified in kilobytes (K). In the example, the PROM is 1Mbyte or
1024K.

The first MultiBoot image is loaded starting at PROM address 0 and ends at
hexadecimal address 0x4547F.

The second MultiBoot image is loaded starting at the highest PROM address, which is
at hexadecimal Ox FFFFF for a 1Mbyte PROM. The image is loaded downward
(decrementing address) and ends at hexadecimal address 0xBAB8O.

Spartan-3E MultiBoot using Xilinx Platform Flash PROMs

While the Spartan-3E MultiBoot feature was primarily designed to leverage commodity
parallel NOR Flash PROM, it is also possible to use Xilinx® Parallel Platform Flash
PROMs, specifically the XCExxP PROM family. The final ‘P’ in the product name indicates
the Parallel version. See XAPP483 for additional details.

XAPP483: Multiple-Boot using Platform Flash PROMs

http:/ /www.xilinx.com /support/documentation /application_notes/xapp483.pdf
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Spartan-3A/3AN/3A DSP MultiBoot

Starting with the Spartan-3A FPGA family, MultiBoot is expanded and enhanced to
provide additional flexibility and capabilities.

Spartan-3A/3AN/3A DSP MultiBoot supports multiple FPGA bitstream images
beyond just the two images supported on Spartan-3E FPGAs.

The maximum number of FPGA images supported is limited either by the size of the
configuration PROM or the total number of address bits.

¢ BPImode supports up to 26 address bits, which addresses up to 64M bytes or
512M bits.

¢ SPImode supports up to 24 address bits, which addressees up to 16M bytes or
128M bits.

¢ A Spartan-3A/3AN/3A DSP bitstream, depending on device logic density, ranges
between approximately 0.5M to 11.5M bits per FPGA.

Spartan-3A/3AN/3A DSP FPGAs can MultiBoot between different configuration
modes. For example, the FPGA can initially configure from parallel Flash using BPI
mode, then MultiBoot to a configuration image stored in SPI serial Flash using Master
SPI mode. For the Spartan-3AN Engineering Samples, see the Spartan-3AN Errata for
limitations on MultiBoot after configuring from internal SPI Flash.

The initial configuration image is always located at address 0, regardless of
configuration mode.

Subsequent MultiBoot images can be located anywhere in memory, aligned to a byte
location, with some restrictions.

¢ If the FPGA is set to wait for the Digital Clock Managers (DCMs) to lock before
finishing configuration, then there must be sufficient padding between images to
allow for this time. The padded region can contain data, but it cannot contain a
valid configuration synchronization word.

¢ Individual bitstream images may be aligned to a sector or page boundary within
the attached Flash memory device.

A built-in configuration watchdog timer prevents a MultiBoot operation from
“hanging” on an invalid FPGA configuration image.

¢ If no synchronization word is detected within the watchdog time-out period, the
FPGA automatically returns to and reloads the default, initial configuration
image.

Specifying the Next MultiBoot Configuration Address

The initial FPGA configuration bitstream is always loaded at address 0 from the attached
configuration PROM, regardless of mode. For MultiBoot operations, there are two
methods for the FPGA application to load the address of the next MultiBoot configuration
image.

1.

Fixed, Known Address: If the next address is predefined and known at design time,
the next MultiBoot address can be preloaded within the current FPGA bitstream using
the next_config_addr bitstream generator (BitGen) option. The parallel NOR Flash
address or the SPI serial Flash address is specified as an seven-character hexadecimal
string.

next _config_addr = 0x0000000
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2. Variable or Calculated Address: The FPGA application itself can supply the address
of the next MultiBoot image by writing a command sequence to the FPGA’s
ICAP_SPARTANB3A design primitive.

Required Data Spacing between MultiBoot Images

Spartan-3A/3AN/3A DSP MultiBoot addressing is flexible enough to allow a bitstream to
begin at any byte boundary. However, there are a few practical limitations, based on
specific application requirements.

Flash Sector, Block, or Page Boundaries

Spartan-3A /3AN/3A DSP FPGAs load MultiBoot configuration images from an external
Flash PROM. All Flash PROMs have an internal memory architecture that arranges the
memory into sectors, blocks, or pages. Nearly all PROMs have multiple sectors. Some
architectures provide additional granularity, splitting a sector into smaller blocks, or even
smaller still, pages.

Ideally, a Spartan-3A /3AN/3A DSP MultiBoot configuration image should be aligned to a
sector, block, or page boundary. The specific requirement depends on the Flash PROM
architecture. If the smallest erasable element in the Flash PROM is a sector, then align the
FPGA bitstream to a sector boundary. This way, one FPGA bitstream can be updated
without affecting others in the PROM.

Additional Memory Space Required for DCM_WAIT

A Spartan-3A /3AN/3A DSP application may contain one or more Digital Clock Managers
(DCMs). Each DCM provides an option setting that, during configuration, causes the
FPGA to wait for the DCM to acquire and lock to its input clock frequency before the DCM
allows the FPGA to finish the configuration process. The lock time, which is specified in
the Spartan-3A /3AN/3A DSP data sheet, depends on the DCM mode, and the input clock
frequency.

Even if the FPGA is waiting for one or more DCMs to lock before completing
configuration, the FPGA’s configuration controller continues searching for the next
synchronization word. If two adjacent MultiBoot images are placed one immediately
following the other, and the first FPGA bitstream contains a DCM with the DCM_WAIT
option set, then potential configuration problems can occur. If the controller sees the
synchronization word in the second FPGA bitstream before completing the current
configuration, it starts interpreting data from the second bitstream. However, the FPGA’s
configuration logic may complete the current configuration even though the FPGA has
read data from the second bitstream.

Caution! FPGA applications that use the DCM_WAIT option on a DCM must ensure sufficient
spacing between Spartan-3A/3AN/3A DSP MultiBoot configuration images!

Spacing MultiBoot bitstreams sufficiently apart in memory prevents the FPGA from ever
seeing the second synchronization word. The following are some points to consider.

e Is the DCM_WAIT option being used in the FPGA application? The potential issue
only occurs if DCM_WAIT=TRUE.

e  Which DCM outputs are used? There are two lock time specifications in the data
sheet: LOCK_DLL specifies the lock time for the DLL outputs from the DCM (CLKO,
CLK90, CLK180, CLK270, CLK2X, CLK2X180, CLKDV) and LOCK_DFS specifies the
lock time for the DFS outputs (CLKFX, CLKFX180).
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The specified lock time also depends on the input clock frequency. Again, consider
both the DLL and DFS specifications. The lock time is longest at 5 ms for input
frequencies below 15 MHz

The amount of spacing between bitstreams also depends on the ConfigRate bitstream
option setting in the bitstream and the maximum frequency of CCLK at that
ConfigRate setting.

The number of spacing bits required also depends on the configuration mode. The SPI
Flash mode receives one bit per clock while the BPI mode receives eight bits or one
byte per clock.

Example

A Spartan-3A MultiBoot application includes an FPGA bitstream that contains at least
one DCM with the DCM_WAIT option set TRUE. The FPGA application uses a DLL
output from the DCM. The input clock frequency to the DCM is 33 MHz. The data
sheet lock time specification (LOCK_DLL) for DCM clocks faster than 15 MHz is 600
us. The FPGA bitstream has the ConfigRate option set to 25. According to

DS529: Spartan-3A FPGA Family Data Sheet, setting ConfigRate:25 means that CCLK
will never have a period shorter than 45 ns. The MultiBoot application configures from
an SPI serial Flash.

Dividing the 600us lock time by the 45 ns CCLK period yields 13,334 clock cycles. In
SPI mode, the FPGA receives one bit per clock cycle. Consequently, under these
conditions, two MultiBoot configuration images must be place more than 13,334 bit
locations from each other in memory.

If the FPGA configured from parallel Flash, then the FPGA receives 8 bits per clock
cycle. Consequently, the application must space the two configurations apart by more
than 13,334 byte locations, which is equivalent to 106,672 bits.

The memory space between two configuration images can contain data as long as it does
not contain a valid Spartan-3A configuration synchronization word, shown in Table 12-3,
page 236. Alternatively, leave the space between locations programmed with OxFF, which
is the same state as an unprogrammed Flash location.

MultiBoot Command Sequence (ICAP Example)

The following steps are required to initiate a MultiBoot reconfiguration event from within
the FPGA application using the ICAP design primitive. MultiBoot events can also be
issued via JTAG, the Slave Serial, or the Slave Parallel (SelectMAP) interface. The specific
bit sequences supplied below are for the ICAP interface, but the same general approach
also applies for the other interfaces.

Caution! By Xilinx convention, data bit DO is the most-significant bit. In many other
conventions, data bit D7 is the most-significant bit. In the application, ensure that the correct
value is being written to the ICAP interface, either by adjusting the data written to the interface or
by reversing the wiring connections to the interface.

Design Specification

Enable the ICAP interface, which is required for MultiBoot functionality, in the FPGA
configuration bitstream, using the ICAP_Enable:Auto or ICAP_Enable:Yes bitstream
generator option setting.

Caution! The ICAP interface will not be available until the first configuration has completed

startup, including the End of Startup cycle. Allow a few additional clock cycles after the end of
configuration before beginning the ICAP MultiBoot sequence. See “Startup” in Chapter 12.
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e If the next address is fixed and already known at design time, preload the GENERAL1
and GENERAL2 registers with default values by setting the next_config_addr
bitstream generation (BitGen) option.

FPGA Application Run Time

e Issue the synchronization start word to the ICAP interface.

e If the FPGA application calculates the next MultiBoot configuration start address,
load the GENERAL1 and GENERAL2 registers via ICAP with the start address of the
next MultiBoot configuration image.

e OPTIONAL: If rebooting from a different configuration source, write the appropriate
values to the MODE_REG register. See “Switching between MultiBoot Configuration
Memory Types,” page 278 for more information.

e Issue the REBOOT command to the CMD register.

e Issue a NoOp command to the ICAP interface.

MultiBoot from an Address Preloaded during Configuration

Table 14-2 shows the command sequence to initiate a MultiBoot event, assuming the
following.

o The GENERAL1 and GENERAL2 registers are preloaded during configuration via the
next_config_addr bitstream generation (BitGen) option.

e The next MultiBoot address is in the same memory originally used to configure the
FPGA or the same memory used during the last MultiBoot operation.

Each 16-bit command is written as two bytes to the ICAP interface, with the high byte
presented first, followed by the low byte. Note that DO is the most-significant bit (msb) for
the ICAP interface, which is the opposite direction from most processors.

Table 14-2: Command Sequence to Initiate MultiBoot from a Preloaded Address

CLK Command Highor | o | b1 | D2 | D3 | D4 | D5 | D6 | D7 | Hex
Cycle Low Byte
1 High 1 0 1 0 1 0 1 0 OxAA
SYNC WORD
2 Low 1 0 0 1 1 0 0 1 0x99
3 Type 1 Write CMD High o0 1|10 0] 0 of ox30
4 (1 Word) Low 10| 1 0/]0 00| 1] oxA
5 High 0 0 0 0 0 0 0 0 0x00
REBOOT Command
6 Low 0 0 0 0 1 1 1 0 OxOE
7 High 0 0 1 0 0 0 0 0 0x20
No Op
8 Low 0 0 0 0 0 0 0 0 0x00
MultiBoot to a Address Specified by the FPGA Application
Table 14-3 shows an example where the FPGA application specifies the address of the next
MultiBoot image. This specific example is for SPI serial Flash, but parallel NOR Flash is
similar with slightly different definitions of the bits written to the GENERAL2 register
(CLK cycles 9 and 10).
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Each 16-bit command is written as two bytes to the ICAP interface, with the high byte
presented first, followed by the low byte. Note that DO is the most-significant bit (msb) for
the ICAP interface, which is the opposite direction from most processors.

The sequence in Table 14-3 uses 20 steps, and consequently 20 CLK cycles and 20 memory
locations. The sequence can be shortened to 12 CLK cycles by making the following simple

changes.

e Align the next MultiBoot address to a 16-bit (64K) boundary and pre-assign the

contents of the GENERALL register to 0x0000 by setting the
next_config_addr:00000000 bitstream generator option. The next MultiBoot address
is then selectable solely by writing to the GENERAL2 register. This eliminates the four
steps between CLK cycles 3 and 6.

o Keep the next MultiBoot address within the same PROM. For example, if the FPGA
booted from SPI serial Flash, then jump to the next MultiBoot within the same SPI
Flash. This eliminates the four steps between CLK cycles 11 and 14.

Table 14-3: Command Sequence to Initiate MultiBoot to a Specified Address

CLK Command Highor | o | b1 | b2 | D3 | D4 | D5 | D6 | D7 | Hex
Cycle Low Byte
1 High 1 0 1 0 1 0 1 0 | oxaa
SYNC WORD

2 Low 1 0 0 1 1 0 0 1 | ox99
3 Type 1 Write GENERAL1 digh ) O © L L 0w ] O] e
4 (1 Word) Low 0 1 1 0 0 0 0 1 | oxe1
5 Lower 16 bits of MultiBoot High | Al5 | Al4 | A13 | A12 | All | A0 | A9 | A8

6 Address Low A7 | A6 | A5 | A4 | A3 | A2 | A1l | AO

7 Type 1 Write GENERAL2 High oo 1 )1 )00} 1 0 fox32
8 (1 Word) Low 1 0 0 0 0 0 0 1 | oxs1
9 Upper bits of MultiBoot Address High 7] C | G2

10 (SPI mode example) Low | A23 | A22 | A21 | A20 | A19 | A18 | A17 | Al6

12 (1 Word) Low 1 0 1 0 0 0 0 1 | oxal
13 Reserved High 0 0 0 0 0 0 0 0 0x00
14 MODE_REG Register Low 0 | Nons| BOOTMODE Reserve

16 (1 Word) Low 1 0 1 0 0 0 0 1 | oxAL
17 High 0 0 0 0 0 0 0 o | oxoo

REBOOT Command
18 Low 0 0 0 0 1 1 1 o | oxoE
19 High 0 0 1 0 0 0 0 o | ox20
No Op
20 Low 0 0 0 0 0 0 0 o | oxoo
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MultiBoot using SelectMAP

ICAP is the internal mirror of the SelectMAP interface. The command sequence for
MultiBoot using the SelectMAP interface is the same as for the ICAP interface. You must
control CS_B/CSI_B and RDWR_B for any write to the SelectMAP interface; it is important
to avoid an Abort. An Abort is triggered when RDWR_B is toggled while CS_B/CSI_B is
asserted.

MultiBoot using Slave Serial

The command sequence for MultiBoot using the Slave Serial interface is the same as the
ICAP command sequence except the sequence starts with the LSB first.

MultiBoot using JTAG

The easiest method for MultiBoot using the JTAG interface is with an SVF file (see
XAPP503 SVF and XSVF File Formats for Xilinx Devices). The command sequence is the same
as the ICAP command sequence and can be loaded into configuration memory using a
CFG_IN instruction. The following is an example of how to construct the CFG_IN
instruction.

/1 Ml tiBoot command sequence

/I FFFF => ffff Dummy word shifted in first

/1 AA99 => 1010 1010 1001 1001 => 1001 1001 0101 0101 => 9955 SYNC

//30A1 => 0011 0000 1010 0001 => 1000 0101 0000 1100 => 850a Type 1 Wite to CVMD

// 000E => 0000 0000 0000 1110 => 0111 0000 0000 0000 => 7000 REBOOT command

/ /2000 => 0010 0000 0000 0000 => 0000 0000 0000 0100 => 0004 NOOP

/ /2000 => 0010 0000 0000 0000 => 0000 0000 0000 0100 => 0004 NOOP

/1 Append the commands and put theminto an SDR for CFG_IN

/1 This will |oad the command sequence to config nmenory in the same way that the | CAP woul d
// For SDR conmand, 24 hex characters: 24 x 4 = 96 bit shift

/1 Loading device with a “cfg_in instruction

SIR 6 TDI (05);

/'l Loads the instruction to the IR

//SDR 96 TDI (0004 0004 7000 850a 9955 ffff) SMASK (ffff ffff ffff ffff ffff ffff ffff)
SDR 96 TDI (000400047000850a9955ffff) SMASK (ffffffffffffffffffffffffffff);

MultiBoot Registers

Generally, there are three ICAP registers involved in a MultiBoot application. The address
of the next MultiBoot bitstream is stored in registers GENERAL1 and GENERAL2,
although they can be preloaded via BitGen option next_config_addr. To trigger a
MultiBoot event, the FPGA application must issue a REBOOT command using the CMD
register.

Next MultiBoot Start Address (GENERAL1, GENERAL2)

The start address of the next MultiBoot configuration image is stored in two 16-bit
registers, called GENERAL1 and GENERAL2. These registers can also be preloaded using
the bitstream generation (BitGen) option next_config_addr.

The GENERAL1 and GENERAL2 registers are not cleared or modified during a MultiBoot
event.

The GENERALI1 register holds the lower 16 bits of the next MultiBoot address, as shown in
Table 14-4.
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Table 14-4: GENERAL1 Register Definition

GENERAL1
Address 01_0011 (0x13)

15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0
Al5 | A14 | A13 | A12 | A11 | A10 | A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | Al | AO

The context of the GENERAL2 register depends on whether the next MultiBoot address is
in an external parallel NOR Flash (BPI mode) or an external SPI serial Flash (SPI mode).

In BPI mode, the GENERAL2 register contains the upper 10 bits of the 26-bit BPI address,
as shown in Table 14-5. The upper six bits of the register are reserved.

Table 14-5: GENERAL?2 Register Definition for BPI Mode Options

GENERAL?2
Address 01_0100 (0x14)

15 1 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

— | — | — | — | — | — | A25 | A24 | A23 | A22 | A21 | A20 | A19 | A18 | Al17 | Al6

In SPI mode, the GENERAL2 register contains the upper 8 bits of the 24-bit SPI address, as
shown in Table 14-6. The upper eight bits of the register contain the specific byte-wide read
command for the attached external SPI serial Flash device.

Table 14-6: GENERAL?Z2 Register Definition for SPI Mode Options
15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

SPI Flash Read Command Upper Byte of 24-bit SPI Read Address

C7 | C6 | C5 | C4|C3 | C2|C1 | CO | A23 | A22 | A21 | A20 | A19 | A18 | Al17 | Al6

Command Register (CMD)

Configuration commands control the operation of the configuration state machine. Each
command consists of five bits, as shown in Table 14-7.

Table 14-7: CMD Register Definition

CMD
Address 00_0101 (0x05)

1514 | 13 |12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0

REBOOT

Reserved Command

0 1 1 1 0

Only one command is required for MultiBoot operations, the REBOOT command, which is
binary 01110.
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Configuration Mode Register (MODE_REG)

The configuration mode register, MODE_REG, defines which configuration mode the
FPGA uses upon the next MultiBoot trigger event. The NEW_MODE bit defines whether
the FPGA uses the M[2:0] mode settings defined by the M[2:0] pins of the FPGA or whether
the FPGA uses the settings defined by the BOOTMODE bits and the read command bits in
GENERAL2. Setting NEW_MODE = 1 allows the FPGA to MultiBoot to a different type of
attached memory.

Table 14-8 describes the bit options available in the MODE_REG register.
Table 14-8: MODE_REG Bit Options

MODE_REG
Address 01_0101 (0x15)

Name Bit(s) Description Default

Reserved [15:7] Reserved 0

0: Sample M[2:0] pins and, if in SPImode, the VS[2:0] pins
to determine MultiBoot configuration mode.
NEW_MODE 6 1: Use BOOTMODE value to determine MultiBoot 0
configuration mode and GENERAL2 to determine which
SPI command to issue if BOOTMODE set for SPI mode.

Define the M[2:0] configuration mode select setting for
the next MultiBoot event. Requires NEW_MODE = 1. 001

Available options are identical to FPGA mode pin (SPI)
settings, M[2:0], shown in Table 2-1, page 46.

BOOTMODE | 5:3

Reserved 2:0 | Reserved 111

Generating a Spartan-3A/3AN/3A DSP MultiBoot PROM Image using

IMPACT

Note: For Spartan-3AN, see also “Preparing an In-System Flash Programming File,” page 213.

The iMPACT programming software provides a graphical, step-by-step approach to create
a MultiBoot PROM file. Similar functionality is also available from the command line or
via scripts using the PROMGen utility, shown in Figure 14-10. Follow the steps outlined
below to create a Spartan-3A /3AN/3A DSP MultiBoot PROM file using the iMPACT
software. Figure 14-11, page 271 shows the Spartan-3A/3AN/3A DSP MultiBoot design
used in the following example.
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14-11:

1. Invoke the iMPACT programming software.
2. Asshown in Figure 14-3, choose Prepare a PROM File.

SIMPACT - Welcome to iMPACT

Spartan-3A MultiBoot Example using XC3S700A and SPI Flash

—Pleaze zelect an action from the list belaow

= Configure devices using Boundan-Scan [JTAG]

f* Prepare a PROM File
{~ Prepare a Systern ACE File
= Prepare a Boundany-Scan File
SVF =

= Configure devices

uzing Slave Serial mode

I Autoratically connect to a cable and identify Boundary-5Scan chain j

< Back

Carcel

Figure 14-12: Prepare a MultiBoot PROM Image

3. Click Next.

UG332_c14_04_112906
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4. As shown in Figure 14-13, target a PROM Supporting Multiple Design Revisions.

“IZIMPACT - Prepare PROM Files

| want to target a

£ Riline FROM

" Generic Parallel PR Ok \5//
\4/1['" 3rd-Party SPI PROM

f+ PROM Supparting Multiple Desian Yersions: I Spartan3d, kMuliB oot LI

PROM File Farmat
i+ MCS 6 EE. = UFP ['C" format)

 Ex0 = BIM {1 [5C
€ HE# [~ | Swap Bits

Checksum Fill Value (2 Hex Digits): |FF A2

FPROM File Mame:  kMySpartan-3akultiboot

Location: IE: D atadmy_dezignzdz3a_multiboot Browsze. .. |

\8/

< Back Mesxt > Cancel |

UG332_cl14_12_082006

Figure 14-13: Select a PROM Supporting MultiBoot for Spartan-3A/3AN/3A DSP
FPGAs
Choose the Spartan3A MultiBoot method.

Select a PROM File Format. The MCS format is supported by a variety of
programmers, but other options are available.

Enter a PROM File Name.
Click Next.
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9. Asshown in Figure 14-14, choose whether to create a Spartan-3A/3AN/3A DSP
MultiBoot image for SPI serial Flash or for parallel NOR Flash, using BPI mode. This
example uses an SPI PROM.

5 IMPALT - Spartan3A MultiBoot PROM
\ /

. \9
* iUsing an SPI PROM: \/

= Using BPI Made. Direction LUP anly

Downztream Daizy-Chain Tope; I Serial TI
\ /
\Y
¢ Back Mewut » Cancel |

UG332_c14_13_082006

Figure 14-14: SPI or Parallel Flash PROMs are Supported

10. Click Next.

11. Asshownin Figure 14-15, Select SPI PROM Density, which is always specified in bits.
This example uses a 16 Mbit PROM.

I7iMPACT - Spartan3A SPI PROM Property v
Select SPI PROM Density [bitz): I 16k vI

Drata Stream Enable Address
[Werzion]  Data Stream  [Hes) W
E

Default ord ¥
1 ¥ {0000
2 & [coao \
N/ 2 4
3 |
4 r |
5 r |
B r |
7 r | @ /
¢ Back Mest » Cancel |

UG332_c14_14_082006

Figure 14-15: Enter a PROM Density and Specify MultiBoot Image Start Locations

12. The initial MultiBoot image is always loaded starting at address 0.
13. To add additional images, check Enable Data Stream.

14. Specify the starting address of each MultiBoot image using hexadecimal notation.
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15.
16.

17.

¢ What is the size of the FPGA configuration bitstream? Is the bitstream for a single
FPGA or a multi-FPGA daisy chain? Spartan-3A/3AN/3A DSP FPGAs do
support daisy chains when using MultiBoot.

¢ What are the page or sector boundaries of the Flash device? Ideally, the FPGA
bitstream should start on a Flash sector boundary.

¢ If using the DCM_WALIT option on a Digital Clock Manager (DCM) with the
FPGA application, is there enough additional spacing between images to
accommodate the extra lock time?

An uncompressed Spartan-3A XC35700A FPGA configuration bitstream requires
2,732,640 bits. Dividing that number by eight provides the required number of bytes,
341,580 bytes. Divide the number of bytes by 1,024 to determine the number of
kilobytes, or 333.57K. The Atmel AT45DB161D serial Flash uses 128Kbyte sectors.
Consequently, a single XC3S700A configuration bitstream occupies ~2.6 sectors. The
first bitstream always starts at address 0. The next Spartan-3A/3AN/3A DSP
MultiBoot image should be placed on a following Flash sector boundary. The next
available boundary after the first configuration image begins at address hexadecimal
address 0x60000. Place the second bitstream at this address or any subsequent sector
boundary. With an image at 0x60000, a third image starts at 0xC0000.

Click Next.

The iMPACT software summarizes the current settings, as shown in Figure 14-16.
Click Finish to continue.

HZIMPALCT - File Generation Summary

'ou have entered following infarmation:

PROM Type: SPI PROM

File Format mcs

Fill % alue: FF

PROM filename FyS partan-3akd ultiE oot

Murnber of PROM s 1

FPostion PatMame
1] 16k :

Click “Finizh" to start adding device filez.

\16/
Finish \/_ |

Cancel

< Back

UG332_c14_15_082006

Figure 14-16: Confirm PROM Settings

As shown in Figure 14-17, add the initial FPGA bitstream. This is the design that is
loaded into the FPGA at power-up, or whenever the PROG_B pin is pulsed Low. This
is also the default bitstream that is automatically loaded if the Configuration
Watchdog Timer (CWDT) expires during a MultiBoot operation.
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-1 add Device |
i Stark adding device File to
\\I) Drata Stream: O - Add Device |
Y/ —

e 5 Would ywou like ko add another design File ko

ER o : \19 oy Data Skream: 07
)| s3a_multibaot_image_0.bit : ; |
s3a_multiboot_image_1.bit R s 19
s3a_multiboot_image_2. it \ 20

W

File narme: IsHa_muItihn:u:ut_image_D.hit j Dpen

Files of type: | FPGA Bit Files [* bit) | Cancel |
g

UG332_c14_16_082106

Figure 14-17: Select the First (Default) Configuration Image

18. Select the first FPGA configuration bitstream.
19. Click Open.
20. Click No.

21. Perform Steps 17 through 20, but this time for the second FPGA configuration
bitstream.

22. As shown in Figure 14-18, start adding the third FPGA configuration bitstream.

-1 add Device E3

| \il) Start adding device file to

N P Wionld wou like ko add another design File to
Rewision: 2 W \{I) Drata Stream: 2 7

-1 add Device Ed |

age- 23 -----------------------------------
' b o |
_multiboot_image_z. bit \ 25 L
W
- File name I:ﬂa mmudtibhnnt imane 2 kit j Open
-1 add Device
j Cancel |

\il) ou have completed the device File entry, v

Click. 'Ok to continue
W

Figure 14-18: Select the Third MultiBoot Configuration Image

UG332_c14_17_082106
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23. Select the third FPGA configuration bitstream.
24. Click Open.

25. Click No.

26. File selection is complete. Click OK.

27. As shown in Figure 14-19, the iMPACT software reports how much of the PROM is
consumed by the FPGA configuration bitstream files. Double-click Generate File.

S iMPALT - C:/Data/my_designs/s3a_multiboot /MySpartan-3AMultiBoot.ipf - [PROM File Formatter
Eﬁ File Edit Wiew ©Operations Options Cutput Debug Window Help

& BB X| 8%
=
BB Gt AP =
g----g’g][)esktnp Canfigu...
23 Direct SPI Config..

- [2] SustemaCE
+-[2]PROM File Form...

iMPACT Modes

—52763
Iﬂuailahlﬁ Atims Mres
‘w Gehe ile...

e
I ate Fil

|Data Stream |IZI

e e TR

PROM £

R TR 28
16hd
43.56 % Full xoasT 00a

Tavararara
hh[hhl
TR

TRCRCRrRCECY

I

PROM File Generation Succeeded

UG332_c14_18_082106

Figure 14-19: Generate the PROM File Using the Specified Parameters

28. The iMPACT software successfully generates a PROM file using the name specified in
Step 7 with the format and file extension specified in Step 6. The file is created in the
current directory. A “PROMGen Report File” is also created.

Configuration Fallback

The Spartan-3A, Spartan-3AN, and Spartan-3A DSP families include logic to automatically
“fallback” and re-start configuration after a configuration failure. These features are
particularly useful when providing the FPGA with “live” Flash updates. This feature is
especially useful in MultiBoot applications, including applications that will be updated in
the field, to protect against failed updates. Two events may cause the device to fallback.

1. A timeout without seeing the configuration synchronization word AA99 (fallback
always enabled)

2. A CRC error (fallback optional)
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Configuration Watchdog Timer (CWDT) and Fallback

Spartan-3A /3AN/3A DSP FPGAs contain a configuration watchdog timer (CWDT). The
CWDT provides protection against errant configuration operations such as the following.

e Configuration or MultiBoot operations to an invalid start location

¢ Configuration or MultiBoot operations to a valid start location, but loaded with an
invalid configuration bitstream.

The CWDT is a 16-bit counter, clocked by the CCLK configuration clock signal. Upon any
FPGA configuration operation, be it from power-up, a PROG_B pulse, or a MultiBoot
event, the CCLK clock begins operation at its lowest ConfigRate setting, which is
approximately 1 MHz. The CWDT expires 64K clock cycles after the start of configuration,
or in approximately 65 ms.

If, during a MultiBoot operation, the FPGA does not see a valid configuration
synchronization word before the CWDT expires, then the FPGA will automatically fallback
to the default bitstream located at address 0. The FPGA automatically reconfigures from
the default bitstream, even resending the appropriate SPI Flash read command if using the
SPI configuration mode.

CRC Error and Fallback

Similarly, a Spartan-3A /3AN/3A DSP FPGA can also recover from a MultiBoot operation
to a bitstream that has a correct synchronization word, but that eventually issues a CRC
error for some reason. One such example might be if the next MultiBoot bitstream was only
partially written in Flash. Set the Reset_on_err:Yes bitstream option to cause the FPGA to
automatically re-initialize and retry the first configuration at address 0 should a CRC error
occur.

Note that the Reset_on_err:Yes bitstream option is included in the first part of the next
bitstream. If a synchronization word pattern is found but the Resetf_on_err:Yes bitstream
option is not seen due to corrupt data, the device will not fallback but will indicate a
configuration error on INIT_B and wait for reconfiguration.

Fallback Limited to 3 Tries

In BPI and SPI modes, if reconfiguration has failed and done fallback three times, then on
the fourth failure the FPGA halts and drives the INIT_B pin Low. Pulsing the PROG_B pin
or cycling power restarts the configuration process from the beginning.

The counter that keeps track of the failed configurations is reset only when PROG_B is
pulsed or power is cycled; it is not reset after a successful configuration. The FPGA will
stop attempting configuration if the initial design is good but the MultiBoot bitstream is
bad, after the fourth attempt at MultiBoot. Note that when configuring via SPI or BPI
modes and using the Reset_on_err:Yes bitstream option, any combination of successful
and failed configurations, over any period of time, will halt after the fourth failed
configuration, and require assertion of PROG_B or power cycling to reconfigure. It is good
design practice to have the ability to assert PROG_B to reset configuration if necessary.
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Advanced Capabilities

Switching between MultiBoot Configuration Memory Types

The Spartan-3A /3AN/3A DSP MultiBoot feature also provides the advanced capability to
jump between configuration modes and hence different types of external memory. For
example, a Spartan-3A /3AN/3A DSP FPGA application could initially configure from an
SPI serial PROM, then MultiBoot from a specified location in a parallel NOR Flash, and so
on.

As shown in Figure 14-20, during a MultiBoot event, the Spartan-3A /3AN/3A DSP
internal configuration controller determines which FPGA configuration mode to execute.
By default, the FPGA uses the mode select values physically defined on the FPGA’s M[2:0]
mode select pins. Similarly, if the FPGA mode pins specify the Master SPI Flash mode, then
the controller uses the Read Command associated with the variant select values, VS[2:0],
defined by the associated FPGA pins.

However, by setting the control bit NEW_MODE = 1 in the MODE_REG register, the
internal configuration controller uses the configuration mode specified by the
BOOTMODE bits. If BOOTMODE = 001 to specify the Master SPI Flash mode, then the
controller uses the Read Command specified in the higher-order byte {15:8] of the
GENERAL2 register, and the remaining lower-order byte of the GENERAL2 register
provides the upper 8 bits of the 24-bit MultiBoot address. If BOOTMODE = 010 to specify
the BPI Flash mode, then the lower 10 bits of the GENERAL2 register become the upper 10
bits of the 26-bit BPI MultiBoot address. In both cases, the GENERALI register provides
the lower 16 bits of the MultiBoot address (see “Next MultiBoot Start Address
(GENERAL1, GENERAL?2),” page 268).

FPGA

BOOTMODE GENERAL2
M2|{M1(MO| |15 (14 |13 8

Internal Configuration
Controller
(2]
~E V82 1 SPI Read Command
Sa Read 7:0
8% ys1 [7:0]
>g VS0 Lookup !
0 i
= M2 1 FPGA Mode Select
= M[2:0]
= M1
S8 0
& Mo -
0 = From Pins :
1 = From Mode Register
NEW_MODE

UG332_cl14_02_110507

Figure 14-20: Spartan-3A/3AN/3A DSP MultiBoot Configuration Mode Control
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Chapter 15

Protecting FPGA Designs

Similar to a processor, a Spartan®-3 generation FPGA receives its configuration
information, i.e., its application program, from an external memory source. The exposed
external interface makes both processor code and FPGA bitstreams potentially vulnerable
to copying or cloning.

Unlike a processor, there are no simple “reverse assemblers” for FPGA applications.
Processors have a defined, fixed instruction set and instruction length, making a reverse
assembler for a processor a straightforward task. However, reverse engineering an entire
FPGA design and then converting it to a human-understandable form is exceedingly
difficult. An FPGA configuration bitstream contains millions of interrelated bits.
Furthermore, the Xilinx® bitstream format is both proprietary and confidential.

While reverse engineering an FPGA bitstream is difficult, directly copying an FPGA
bitstream without understanding its underlying function, is rather straightforward. This
chapter describes the available, low-cost solutions to protect a design against cloning and
even to protect an intellectual property (IP) core implemented within an FPGA.

This chapter covers the following design security topics.

e “Basic FPGA Hardware-Level Security Options,” page 279

e “Approaches to Design Security,” page 282

e “Spartan-3A/3AN/3A DSP Unique Device Identifier (Device DNA),” page 284
e “Authentication Design Examples,” page 287

e “U.S. Legal Protection of FPGA Configuration Bitstream Programs,” page 296

Basic FPGA Hardware-Level Security Options

Spartan-3 generation FPGAs provide advanced debugging capabilities via a function
called Readback. Similarly, the FPGA generally allows full access to all configuration
operations. However, for security-conscious applications, the Readback function and
configuration operations, especially via JTAG, provide a potential point of attack.

Fortunately, the FPGA bitstream optionally restricts access to configuration and readback
operations. By default, there are no restrictions and the JTAG port is always active,
providing access to configuration and Readback.

The SelectMAP configuration interface, which can also be used to perform Readback, is
disabled by default and is not available unless specifically enabled by setting the
Persist:Yes bitstream option.

The only way to remove a security setting in a configured FPGA is to clear the FPGA
program by asserting PROG_B or cycling power.
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Spartan-3 and Spartan-3E Security Levels

Table 15-1 shows the available security levels on Spartan-3 and Spartan-3E FPGAs.
Spartan-3A/3AN/3A DSP FPGAs provide an extra level, as shown in Table 15-2.

Table 15-1: Spartan-3 and Spartan-3E Security Levels

Security Level Description
None Default. Unrestricted access to all configuration and Readback functions
Levell Disable all Readback functions from either the SelectMAP or JTAG port.
Disable all configuration and Readback functions from all configuration
Level2
and JTAG ports.

Spartan-3A/3AN/3A DSP Security Levels

Spartan-3A/3AN/3A DSP FPGAs provide an additional security level, as shown in
Table 15-2. Readback can be optionally disabled completely or disabled except for internal
access from the FPGA application via the Internal Configuration Access Port (ICAP).

Table 15-2: Spartan-3A/3AN/3A DSP BitGen Security Levels

Security Level Description

None Default. Unrestricted access to all configuration and Readback functions

Disable all Readback functions from both the SelectMAP or JTAG ports.

Levell Readback via the Internal Configuration Access Port (ICAP) allowed.
Level2 Disables all Readback operations on all ports.
Level3 Disable all configuration and Readback functions from all configuration

and JTAG ports.

Setting the Security Level in the Bitstream

There are two ways to set the security level in the bitstream, either from the ISE® software
Project Navigator or from the BitGen command-line utility.

ISE Software Project Navigator

Set the security level in the FPGA bitstream, as shown in Figure 15-1.
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Figure 15-1: Setting Bitstream Generator Options from ISE Project Navigator

1. Right-click Generate Programming File.
2. Select Properties.
From the Process Properties dialog box shown in Figure 15-2, set the following options.

E Process Properties

Cateqgaory

General Options
- Configuration Options 3

Starbim Mrabimsne

Readback Options 4
Property Hame |"-.falue |

Securiby E
Create ReadB ack Data Files
Allow SelecttAP Fins to Persist
Create Logic Allocation File
Create Mazk File r

E e Fe ck,
Dizable Readback
Dizable Readback and Reconfiguration

F'rl:up\S/a_l,l level: I.ﬂ.dvanced "I Drefault

] Cancel | Apply | Help

£

UG332_c16_07_0918

Figure 15-2: Bitstream Generator Security Options

3. Select the Readback Options category.
4. Choose the Security level value that best meets the needs of the application.
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Table 15-3: Relation between ISE Project Navigator and BitGen Options
Spartan-3A/3AN
Spartan-3/
Value Spartan-3A DSP
Spartan-3E FPGAs FPGAS
Enable Readback and Reconfiguration (default) None None
Disable Readback Level 1 Level 1
Disable Readback and Reconfiguration Level 2 Level 3

BitGen Command-Line Utility

The security options are also available via the BitGen command-line utility, as shown

below. The available Security options are provided in Table 15-1 or Table 15-2, depending
on the Spartan-3 generation FPGA family used. Table 15-3 shows how the options entered
via the ISE Project Navigator relate to the BitGen command-line options. An example that
disables Readback is provided below.

bitgen -g Security:Level 1l [remaini ng options]

Approaches to Design Security

Xilinx programmable logic devices incorporate a variety of approaches to design security,
as summarized in Table 15-4. Xilinx employs each of these security options in different
product families. The Spartan-3 generation FPGAs introduce a new option called
Authentication, which is described throughout the remainder of this chapter.

Table 15-4: Programmable Logic Security Options Compared

Security Bits

Encryption

Authentication

provide “Digital Rights Management”

Xilinx product family that uses this security Virtex®-I1. Virtex-II Spartan-3A/3AN/
option Xilinx CPLDs | Pro, Virtex-4, Virtex- Viﬁiiigg‘;&’eufn
5 FPGAs Spartan-3/3E FPGAs)
Is bitstream or programming file visible after No. onlv in Yes, but cannot be used
being secured? No oy except in an
encrypted form authenticated system
Doe?. security method provide bitstream Yes Yes Yes
(design) security?
What happens when an unauthorized or Behavior defined by
unencrypted bitstream loaded into FPGA? N/A Does not configure FPGA alc)l}l)licatiorll gsee
“Handling Faile
Authentications”)
Does the security method provide an option to No No Yes
secure application data?
Does the security method provide an option to No No Yes

Technical Limitations

Requires a large
amount of on-chip
nonvolatile memory

Key management

Requires logic in the
FPGA application to
authenticate design
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Security Bits

Complex PLD (CPLD) designs are programmed into on-chip, nonvolatile memory, similar
to simple microcontrollers. As such, CPLDs and microcontrollers typically offer a
“security” bit or bits that locks the internal memory array, preventing the array from being
read. Locking the array prevents the design from being easily copied.

Encryption

Some FPGAs employ bitstream encryption. Encryption essentially scrambles the external
bitstream so that it is unusable unless loaded into an FPGA containing the correct “key” to
decrypt the bitstream. The encryption circuitry is typically a dedicated embedded function
on the FPGA, consuming valuable silicon area. Applications that do not use encryption
pay for the feature regardless.

Encryption is considered highly secure, as implemented with battery back-up on the Xilinx
Virtex, Virtex-II Pro, Virtex-4, and Virtex-5 FPGA families.

The built-in encryption circuitry only protects the FPGA bitstream and is typically not
available after configuration to protect application data.

The primary downside of encryption is key management and key distribution.

Authentication

Authentication is another protection technique, widely used in a variety of applications.
Authentication is distinctly different than using either “security bits” or encryption. Here
are a few examples of everyday applications using authentication.

e  When you access an Automated Teller Machine (ATM), you insert your bank card and
authenticate your identity by entering a Personal Identification Number (PIN). If
someone steals your ATM card, they cannot use it without also having your PIN
number.

¢  When you log onto your computer network, you enter your login name and your
password. The password authenticates your identity. An imposter must have both
your login name and your password to access the network from your account.

e Many software programs, including the Xilinx ISE development software, require an
authorization code before they operate on your computer. You can freely copy the
DVD but it can only be used when unlocked by the authorization code.

To be ideally effective, authentication requires an identity or authorization code with these
two essential attributes.

1. Unique
2. Not easily cloned, copied, or duplicated

Weaknesses in either of these elements potentially compromise security. For example, if
someone has your ATM card and your PIN number, kiss your cash goodbye. The PIN
number, once learned, is easily cloned. This is one of the reasons behind the move to
biometric authentication. While it is easy to learn a simple PIN number, it is presently quite
difficult to clone a human iris or a fingerprint.
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Spartan-3A/3AN/3A DSP Unique Device ldentifier (Device DNA)

Each Spartan-3A, Spartan-3AN, and Spartan-3A DSP FPGA contains an embedded,
unique device identifier. The identifier is nonvolatile, permanently programmed into the
FPGA, and is unchangeable making it tamper resistant.

This identifier is called the Device DNA. The FPGA application accesses the identifier
value using the “Device DNA Access Port (DNA_PORT)” design primitive, shown in

Figure 15-3.
DNA_PORT
— DIN DOUT |—
— READ
—— SHIFT
—pCLK

UG332_C13_05_081406

Figure 15-3: Spartan-3A/3AN/3A DSP DNA_PORT Design Primitive

Identifier Value

As shown in Figure 15-4, the Device DNA value is 57 bits long. The two most-significant
bits are always ‘1" and ‘0’. The remaining 55 bits are unique to a specific Spartan-
3A/3AN/3A DSP FPGA.

Operation

Figure 15-4 shows the general functionality of the DNA_PORT design primitive. An FPGA
application must first instantiate the DNA_PORT primitive, shown in Figure 15-3, within a
design.

To read the Device DNA, the FPGA application must first transfer the identifier value into
the DNA_PORT output shift register. Assert the READ input during a rising edge of CLK,
as shown in Table 15-5. This action parallel loads the output shift register with all 57 bits of
the identifier. Because bit 56 of the identifier is always ‘1", the DOUT output is also “1’. The
READ operation overrides a SHIFT operation.

To continue reading the identifier values, assert SHIFT followed by a rising edge of CLK, as
shown in Table 15-5. This action causes the output shift register to shift its contents toward
the DOUT output. The value on the DIN input is shifted into the shift register.

Caution! Avoid a Low-to-High transition on SHIFT when CLK is High as this causes a spurious
initial clock edge. Ideally, only assert SHIFT when CLK is Low or on a falling edge of CLK.
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Spartan-3A/3AN/3A DSP Unique Device Identifier (Device DNA)

SHIFT=1——«—
0 READ=0 56
CDI_IE > 57-bit bit loadable shift register pouT
READ=1
0 54 55 56
55-bit unique device identifier (Device DNA) [0 | 1

Factory programmed, unchangeable
Figure 15-4: DNA_PORT Operation

UG332_c15_01_110206

If both READ and SHIFT are Low, the output shift register holds its value and DOUT
remains unchanged.

Table 15-5: DNA_PORT Operations

Operation DIN READ | SHIFT | CLK Shift Register DOUT
HOLD X 0 0 X Hold previous value Hold previous
value
Bit 56 of
READ X 1 X T Parallel load with 57-bit ID identifier, which
is always ‘1’
Shift DIN into bit 0, shift contents of Shift Bit 56 of Shift
SHIFT DIN 0 ! T Register toward DOUT Register
Notes:

X = Don’t care

T: Rising clock edge

Spartan-3A/3AN/3A DSP Device DNA Reader Design Example
www.xilinx.com/products/boards/s3astarter /reference_designs.htm#dna_reader

The Spartan-3A Starter Kit board has a design example that demonstrates how to read the
Device DNA value.

Interface Timing

Table 15-6 provides the interface timing for the DNA_PORT design primitive. The timing
is the same regardless of the FPGA’s speed grade. As always, please refer to the associated
data sheet for official timing values.

Spartan-3 Generation Configuration User Guide www.xilinx.com
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Table 15-6: DNA_PORT Interface Timing
Symbol Description Min Max Unit
tpnassy | Setup time on SHIFT before the rising edge of CLK 1.0 — ns
tpnasy | Hold time on SHIFT after the rising edge of CLK 0.5 — ns
tpnapsy | Setup time on DIN before the rising edge of CLK 1.0 — ns
tpnapu | Hold time on DIN after the rising edge of CLK 0.5 — ns
tpnarsy | Setup time on READ before the rising edge of CLK | 5.0 10,000 ns
tpnaryg | Hold time on READ after the rising edge of CLK 0 — ns
285


http://www.xilinx.com
http://www.xilinx.com/s3astarter
http://www.xilinx.com/products/boards/s3astarter/reference_designs.htm#dna_reader

Chapter 15: Protecting FPGA Designs XX"JNX@

Table 15-6: DNA_PORT Interface Timing (Continued)

Symbol Description Min Max Unit
Clock-to-output delay on DOUT after rising edge
tDNADCKO Of CLK p y g g 0.5 1.5 ns
tonacike | CLK frequency 0 100 MHz
tDONACLKL CLK ngh time 1.0 oo ns
tDNACLKH CLK Low time 1.0 oo ns

Identifier Memory Specifications

Figure 15-4 presents the general characteristics of the DNA identifier memory. The unique
FPGA identifier value is retained for a minimum of ten years of continuous usage under
worst-case recommended operating conditions. The identifier can be read, using the
READ operation defined in Table 15-5, a minimum of 30 million cycles, which roughly
correlates to one read operation every 11 seconds for the operating lifetime of the
Spartan-3A/3AN/3A DSP FPGA.

Table 15-7: Identifier Memory Characteristics

Symbol Description Minimum Units
DNA_RETENTION | Data retention, continuous usage. 10 Years
DNA_CYCLES Number of READ operations, as defined

in Figure 15-3 or JTAG ISC_DNA read
operations. Unaffected by HOLD or
SHIFT operations.

30,000,000 | Read cycles

Extending Identifier Length

As shown in Figure 15-5a, most applications that use the DNA_PORT primitive tie the DIN
data input to a static value. However, other options are possible.

As shown in Figure 15-5b, the length of the identifier can be extended by feeding the
DOUT serial output port back into the DIN serial input port. This way, the identifier can be
extended to any possible length. However, there are still only 55 unique bits, with a 57-bit
repeating pattern.

It is also possible to add additional bits to the identifier using FPGA logic resources. As
shown in Figure 15-5¢, the FPGA application can insert additional bits via the DNA_PORT
DIN serial input. The additional bits provided by the logic resources could take the form of
an additional fixed value or a variable computed from the Device DNA.
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DNA_PORT DNA_PORT
? DIN DOUTp» DIN DOUT
—— READ —— READ
—{SHIFT —{SHIFT
—pCLK —)pCLK
a) Shift in constant b) Circular shift
Application Code DNA_PORT
—» DIN DOUTF——»{ DIN DOUT]
READ READ
SHIFT SHIFT
—p CLK CLK
READ
SHIFT ®
CLK ®

c) Bitstream specific code UG332_ 01502, 120106

Figure 15-5: Possible Options for DIN Input

JTAG Access to Device ldentifier

The FPGA’s internal device identifier, plus any values shifted in on the DIN input, can be
read via the JTAG port using the private ISC_DNA command. This is a 1532 command and
therefore it requires the ISC_ENABLE to be loaded before the ISC_DNA command is
issued.

Bit 56 of the identifier, shown in Figure 15-4, appears on the TDO JTAG output following
the ISC_DNA command when the device enters the Shift-DR state. The remaining Devcie
DNA bits and any data on the input to the register are shifted out sequentially while the
JTAG controller is left in the Shift-DR state.

IMPACT Access to Devcie ldentifier

The iMPACT software in the ISE 10.1 and later tools can also read the Device DNA value.
"readDna -p <position>" isthe batch command that will read the Device DNA from
the FPGA.

Authentication Design Examples

Authentication can take various forms in an application, as described in the examples
below. Some of these examples configure from an attached PROM, others are downloaded
into the FPGA.

e “Spartan-3A/3AN/3A DSP FPGA: Imprinting or Watermarking the Configuration
PROM with Device DNA,” page 288
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e “Spartan-3E FPGA: Leveraging Security Features in Select Commodity Flash
PROMs,” page 289

e “Spartan-3A/3AN/3A DSP FPGA: Authenticating a Downloaded Design,” page 292
e “Authenticating any FPGA Design Using External Secure PROM,” page 293

Spartan-3A/3AN/3A DSP FPGA: Imprinting or Watermarking the
Configuration PROM with Device DNA

The Spartan-3A/3AN/3A DSP FPGA in Figure 15-6 configures using one of the Master
configuration modes from an associated configuration PROM. The PROM contains both
the FPGA configuration bitstream and a previously generated authentication check value.
The PROM itself does not require any special features, just enough memory to contain both
the FPGA bitstream and the authentication check value. The Spartan-3A /3AN/3A DSP
FPGA has an internal unique Device DNA value.

At power-up or when PROG_B is pulsed Low, the FPGA configures normally.

Spartan-3A/3AN/3A DSP FPGA Configuration PROM

FPGA Eabric FPGA Bitstream
Authentication
Device DNA Check Value

UG332_c16_03_040107

Figure 15-6: Spartan-3A/3AN/3A DSP FPGA Configures Normally

As shown in Figure 15-7, part of the FPGA application includes circuitry that validates that
the bitstream programmed into the PROM is authorized to operate on the associated
Spartan-3A/3AN/3A DSP FPGA. In reality, the Device DNA and the authentication check
value are both multi-bit binary values. However, for the sake of clarity, this example uses
symbolic values. In this example, the FPGA’s Device DNA is “Blue” and the configuration
PROM is programmed with the check value “Blueberry.”

Spartan-3A/3AN/3A DSP FPGA Configuration PROM

FPGA Bitstream

Blueberry

UG332_c16_04_040107

Figure 15-7: Spartan-3A/3AN/3A DSP FPGA Authenticates the PROM Image
Against Device DNA
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After configuration, the FPGA checks that the value contained in the PROM matches the
value expected by the FPGA application. In this example, the FPGA validates that a
“Blueberry” is indeed “Blue.” The bitstream loaded from the PROM is authentic, and the
FPGA application is enabled for full operation.

What happens if an attacker copies the contents of an authenticated PROM, shown in
Figure 15-7, and uses it with a different, similarly sized Spartan-3A /3AN/3A DSP FPGA?
If the check value in the PROM does not match the value expected by the FPGA
application, then the FPGA application decides how to handle this unauthorized copy.
There are a variety of potential scenarios, as described in “Handling Failed
Authentications,” page 294. In this example, the PROM image fails because the FPGA
application checks that a “Blueberry” is not “Yellow.”

Spartan-3A/3AN/3A DSP FPGA Configuration PROM

FPGA Bitstream

Blueberry

UG332_c16_06_040107

Figure 15-8: Authentication Fails Using an Unauthorized Copy

Yellow

Spartan-3E FPGA: Leveraging Security Features in Select Commodity
Flash PROMs

Only Spartan-3A /3AN/3A DSP FPGAs support the internal unique identifier feature. The
feature is not available on Spartan-3 or Spartan-3E FPGAs. However, Spartan-3E and
Spartan-3 FPGAs support a similar authentication method using commodity Flash PROMs
that have their own device ID values. Table 15-8 provides example devices; there are likely
others. The identifiers are only available in certain Flash PROM families and usually in the
larger-density members of the family. The size of the identifier also varies by vendor and
product family, from 64 bits to 256 bytes. Similarly, some devices also have a user-defined
field that can be used to extend the size of the unique ID.

Table 15-8: Example Flash PROMs with Embedded Unique Identifiers

Vendor Family Data Density Unique ID Field User Field
Format
STMicro M9W | Parallel | OMPitand |y by -
(Numonyx) E— larger
. 32Mbitand 256 bytes
Spansion S29A Parallel larger (ESN) =
Atmel AT45DBxxxD | Serial All 64 bytes 64 bytes
Atmel AT45BV | Parallel | O MPitand 64 bits 64 bits
S larger
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Table 15-8: Example Flash PROMs with Embedded Unique Identifiers

Vendor Family Data Density | Unique ID Field | User Field
Format

Intel Embedded

(Nuf;sn %) Flash Parallel All 64 bits 64 bits
y (J3v.D)

Intel 33 Serial All 64 bits 64 bltS.+ 3,920

(Numonyx) == bits
Macronix MX29 Parallel 32Mbitand | 128 word or 64K .
- larger bytes

Figure 15-9 shows an authentication example using a Spartan-3E FPGA and a commodity
Flash PROM with an embedded device identifier. In this example, the configuration
PROM must contain a unique identifier. The PROM also contains the FPGA configuration
bitstream and the authentication check value, specific to this implementation.

At power-up or when PROG_B is pulsed Low, the FPGA configures normally.

Configuration PROM

Spartan-3E FPGA with Device ID

FPGA Bitstream

FPGA Fabric

Device ID

Authentication
Check Value

UG332_c16_08_100406

Figure 15-9: Spartan-3E FPGA Authentication Example using Commodity Flash
PROM with Identifier

As shown in Figure 15-10, part of the FPGA application includes circuitry that validates
that the bitstream programmed into the PROM is authorized to load. The PROM’s
Device ID and the authentication check value are both multi-bit binary values. For the sake
of clarity, this example uses symbolic values. The PROM’s Device ID is “Blue” and the
configuration PROM is programmed with the check value “Blueberry.” The Flash ID plus
the authentication check value should be as large as practical. A larger number of bits
thwarts a possible “spoof” or “middleman” attack using an extra interposing device or
devices that intercepts the access to the off-FPGA identifier and check value. The
interposing device or devices mimics the response from an authentic PROM. This
technique requires additional components and a new printed circuit board, the additional
development and component costs of which act as a suitable deterrent.

If the FPGA authentication application accesses a large data field or check value, then the
interposing device or devices must be more sophisticated and consequently more
expensive. This potential vulnerability also highlights the advantage of the Spartan-
3A/3AN/3A DSP Device DNA, which is securely accessed from inside the FPGA.
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Configuration PROM

Spartan-3E FPGA with Device ID

OK FPGA Bitstream
—
PROM?
! Blue
FPGA SN
Application Blueberry

UG332_c16_09_100406

Figure 15-10: Spartan-3E FPGA Authenticates the PROM Image Against the
PROM's Device ID

After configuration, the FPGA checks that the value contained in the PROM matches the
value expected by the FPGA application. In this example, the FPGA validates that a
“Blueberry” is indeed “Blue.” The bitstream loaded from the PROM is authentic, and the
FPGA application is enabled for full operation.

The Spartan-3E Starter Kit board includes a design example demonstrating this technique.
This same method also applies for Spartan-3A, Spartan-3AN, Spartan-3A DSP FPGAs.

¢ Low-Cost Design Authentication for Spartan-3E FPGAs
www.xilinx.com /products/boards/s3estarter /reference_designs.htm#authentication
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Spartan-3A/3AN/3A DSP FPGA: Authenticating a Downloaded Design

Authentication also works when downloading an FPGA design. In Figure 15-11, an
intelligent host such as a microprocessor, microcontroller, or JTAG tester downloads a
bitstream into a Spartan-3A/3AN/3A DSP FPGA. The bitstream is stored somewhere in
the system, either in local memory, a disk drive, or obtained via a network connection. The
downloaded FPGA application is not yet fully authenticated, but is partially functional to
support the authentication process.

Intelligent Host Spartan-3A/3AN/3A DSP FPGA

FPGA
. FPGA Fabric

Bitstream

Device DNA

UG332 c16 11 040107

Figure 15-11: Intelligent Host Downloads a Spartan-3A Bitstream

In Figure 15-12, the intelligent host reads the FPGA’s Device DNA identifier, either
through the FPGA fabric or via the FPGA’s JTAG port. Using the Device DNA value, the
host either computes an authentication check value locally or communicates to a remote
host that generates the check value or looks up the value in a list of authenticated devices.

Intelligent Host Spartan-3A/3AN/3A DSP FPGA

FPGA
Bitstream > B FPG;]Fabric
|
Authentication Device DNA
Check Value

UG332 c16 12 040107

Figure 15-12: Host Reads Device DNA, Generates Authentication Value

In Figure 15-13, the intelligent host writes the resulting authentication check value back
into the FPGA. The FPGA then uses this value and the Device DNA value to authenticate
the bitstream. If deemed authentic, the FPGA application is enabled for full operation.

Intelligent Host Spartan-3A/3AN/3A DSP FPGA

_L Authentication
Check Value

FPGA
==

Bitstream

Device DNA

UG332_c16_13_040107

Figure 15-13: Host Writes Authentication Value to Enable FPGA Application
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Authenticating any FPGA Design Using External Secure PROM

Authentication techniques are possible on any FPGA using an external secure PROM.
Xilinx provides an example design using a Dallas Semiconductor/Maxim DS2432 SHA-1
Secure EEPROM, as shown in Figure 15-14. This technique works with any Xilinx FPGA

family with block RAM.
Configuration
FPGA PROM
DS2432 +3.3V Authentication Core FPGA .
Secure 1 Block RAM Application Bitstream
EEPROM 680 Q ~100 Slices
DESIGN
SIo SIo
FOE DISABLE
CHECK
IFF REQUEST
UG332_c16_10_120406

Figure 15-14: FPGA Authentication Using SHA-1 Secure EEPROM

The FPGA configures normally from any configuration PROM. Alternatively, the FPGA
bitstream can be downloaded using one of the Slave configuration modes.

The FPGA application contains an Authentication Core that communicates to an external
DS2432 secure EEPROM. The authentication challenge between the FPGA and the
EEPROM uses a random number and SHA-1 hashing to thwart attacks. If the
authentication challenge fails, the FPGA application is disabled. Similarly, the FPGA
application can re-authenticate the design at any time, during normal operation.

This application is discussed in more detail in Xilinx application note XAPP780. The
Spartan-3E Starter Kit board includes all the necessary components.

e XAPP780: FPGA IFF Copy Protection Using Dallas Semiconductor/Maxim DS2432
Secure EEPROMs
http:/ /www.xilinx.com /support/documentation /application_notes/xapp780.pdf

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

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

Although not supported by an application note or example design, similar solutions are
possible using external components with similar security features, such as the following.

e STMicroelectronics Krypto™ Secure Parallel Flash Memories
http:/ /www.st.com/stonline/products/families/memories/fl_nor_emb/fl_m28w_fs.htm

e Atmel Crypto and Secure Memories
http:/ /www.atmel.com/products/SecureMem /
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Handling Failed Authentications

One of the strengths of the Spartan-3 authentication scheme is that the designer and the
application decides how best to respond to a failed authentication. A spectrum of solutions
is possible, including the following.

¢ No functionality
e Limited functionality
e  Full functionality for a limited period of time

e Active defense against tampering

No Functionality

The simplest way to respond to an unauthorized copy is for the application to stop
functioning. This is easily accomplished using features already on the FPGA, such as the
following.

e Assert the Global Set /Reset (GSR) signal on the STARTUP design primitive, which
holds all flip-flops reset. See “Start-Up (STARTUP),” page 247. The signal driving GSR
must be either a logic-based latch or from an SRL16 shift register, neither of which are
affected by the GSR signal.

e Assert the global three-state control on the STARTUP design primitive, which forces
all output pins to high-impedance (Hi-Z).

e Disable global clock signals using a BUFGCE global clock primitive that has an enable
input, which prevents the clock signal from being distributed within the design.

e Assert the reset input to a Digital Clock Manager (DCM).

e Drive the set or reset inputs to key logic in Configurable Logic Blocks (CLBs).
e Use a gating signal to disable key logic in Configurable Logic Blocks (CLBs).
e Selectively disable CLB flip-flops using the clock enable input.

e Any or all of the above.

The disadvantage of this approach is that it immediately tells an attacker whether an
attempted breach was successful or not.

Limited Functionality

Limited functionality provides partial or basic functionality. This approach allows a 3rd
party test house or contract manufacturers (CM) to build and test the unauthenticated
systems. This technique allows the CM to program the configuration PROM but does not
provide them authentication capability, eliminating the risk of potential overbuilding.

Disable key functions or special IP using one or more of the techniques described in “No
Functionality”. Optionally, degrade the performance of key features. For example, drop to
a lower communications data rate or a lower display resolution.

Full Functionality with Time Out

This technique allows an unauthenticated design to fully operate for a limited amount of
time. This approach is most useful when a 3rd party test house or contract manufacturer
requires full functionality to complete system testing. However, this technique does not
provide the contract manufacturer with the ability to create authentic copies, which
reduces the risk of potential overbuilding.
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In addition, the time out function makes a potential attack significantly more difficult. If
the system functions for awhile before failing, significantly more time is required to attack
the system using a brute force approach. Similarly, using a random time out value makes it
difficult for an attacker to determine if he or she cracked the system or whether there is an
inherent system design problem.

Active Defense

The final level of protection against unauthorized copying is an active defense. The active
defense can take many forms, again depending on the application requirements. For
example, the application can track the number of failed authentication attempts. Once the
number of failed attempts reaches a predefined threshold, the application can take more
drastic protection means such as erasing the configuration PROM or permanently locking
down sectors in the PROM.

Authentication Algorithm

The obvious question is “What is the authentication algorithm?” The answer is “It’s a
secret.” Something in the authentication process must be secret, either the authentication
algorithm or the authentication values. In the examples using the Spartan-3A/3AN/3A
DSP Device DNA or the Flash PROM with a Device ID, the authentication algorithm must
be kept secret.

Because the authentication algorithm is implemented using FPGA logic, the algorithm is
flexible and changeable. The algorithm need only be as simple or complex as required by
the application being protected. The algorithm can be changed between design releases or
versions. Similarly, multiple and different authentication checks can co-exist in the same
application. This approach tunes the “cost” and complexity of security to the needs of the
application.

Manufacturing Logistics

Authentication simplifies manufacturing logistics, especially for high-volume
applications, built at contract manufacturers.

e There are no special keys that need to be programmed into the FPGA. Thereis a a
programming step where the PROM is “married” to or authenticated with either the
FPGA’s Device DNA, the PROM’s Unique ID, or both but this operation does not
affect the FPGA bitstream.

e The FPGA bitstream is common to all units. There is no need to match a bitstream to a
specific FPGA or a set of FPGAs. The authentication step can be completely separate
from bitstream programming.

e Configuration PROMs can be bulk programmed. There is no need to match a PROM
to a specific FPGA or a set of FPGAs during high-volume manufacturing. The
authentication step can occur at any time, such as in final system test, in a secure
facility or at the end customer site.

e Using the “Limited Functionality,” page 294 or “Full Functionality with Time Out,”
page 294 techniques described early, the contract manufacturer can build and test the
end product without risk of overbuilding or unauthorized cloning.
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Additional Uses of Authentication and Device ID

The authentication techniques described in this chapter primarily protect the FPGA
application. However, these techniques serve other potential purposes in an application.

Protecting Intellectual Property (IP)

FPGAs are a common deployment vehicle for intellectual property (IP) cores.
Authentication solves a key concern for IP vendors allowing them to protect the IP core
from unauthorized copying. The techniques described above also allow a vendor to
protect key IP but still allow potential customers to try the core before purchase.

Furthermore, the Device DNA feature in Spartan-3A/3AN/3A DSP FPGAs provides full
traceability, allowing an IP vendor to track unit shipments by a customer in order to
determine royalty-based payments for an IP core.

Code and Data Security

The Spartan-3A/3AN/3A DSP FPGA’s Device DNA identifier provides an additional
level of security for embedded applications. The Device DNA forms a key used to encrypt
and decrypt both code and data to protect an embedded processor application.

Figure 15-15 shows an example MicroBlaze™ processor application. The Spartan-
3A/3AN/3A DSP Device DNA identifier forms a key to encrypt and decrypt both code
and data.
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Figure 15-15: Spartan-3A/3AN/3A DSP Device DNA Used as a Key to Protect
Embedded Processing Applications

U.S. Legal Protection of FPGA Configuration Bitstream Programs

The FPGA configuration bitstream program may qualify as a “computer program” as
defined in Section101, Title 17 of the United States Code, and as such may be protected
under the copyright law. It may also be protected as a trade secret if it is identified as such.

Xilinx suggests that a company wishing to claim copyright and/or trade secret protection
in the FPGA configuration bitstream consider taking the following steps.

Place an appropriate copyright notice on the FPGA or adjacent to it on the printed circuit
board (PCB) giving notice to third parties of the copyright. For example, because of space
limitations, this notice on the FPGA device could read “©2006 XYZ Company” or, if on the
PCB, could read “Bitstream © 2006 XYZ Company”.
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File an application to register the copyright claim for the bitstream program with the U.S.
Copyright Office.

If practicable, given the size of the printed circuit board, notice should also be given that
the user is claiming that the bit-stream program is the company's trade secret. A statement
could be added to the PCB such as: “Bitstream proprietary to XYZ Company. Copying or
other use of the bitstream program except as expressly authorized by XYZ Company is
prohibited.”

To the extent that documentation, data books, or other literature accompanies the FPGA-
based design, appropriate wording should be added to this literature providing third
parties with notice of the user's claim of copyright and trade secret in the bitstream
program.

For example, this notice could read: “Bitstream ©2006 XYZ Company. All rights reserved.
The bitstream program is proprietary to XYZ Company and copying or other use of the bit-
stream program except as expressly authorized by XYZ Company is expressly prohibited.”

To help prove unauthorized copying by a third party, additional nonfunctional code
should be included at the end of the bitstream program. Therefore, should a third party
copy the bitstream program without proper authorization, if the non-functional code is
present in the copy, the copier cannot claim that the bitstream program was independently
developed.

These are only suggestions, and Xilinx makes no representations or warranties with
respect to the legal effect or consequences of the above suggestions. Each end-user
company is advised to consult legal counsel with respect to seeking protection of a
bitstream program and to determine the applicability of these suggestions to the specific
circumstances.
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Additional Information

For additional information see the following references on xilinx.com.

¢ Xilinx Design Security Solutions
http:/ /www.xilinx.com /products/design_resources/security /index.htm

¢ Xilinx Spartan-3 Generation Device DNA Security
http:/ /www.xilinx.com/products/design_resources/security /devicedna.htm

e  WP266: Security Solutions Using Spartan-3 Generation FPGAs
http:/ /www.xilinx.com/support/documentation/white_papers/wp266.pdf

e  WP267: Advanced Security Schemes for Spartan-3A/3AN/3A DSP FPGAs
http:/ /www.xilinx.com /support/documentation/white_papers/wp267.pdf

298 www.xilinx.com Spartan-3 Generation Configuration User Guide
UG332 (v1.4) July 1, 2008


http://www.xilinx.com/support/documentation/white_papers/wp266.pdf
http://www.xilinx.com/support/documentation/white_papers/wp267.pdf
http://www.xilinx.com
http://www.xilinx.com/products/design_resources/security/index.htm
http://www.xilinx.com/products/design_resources/security/devicedna.htm

XX"JNX@ CRC Checking during Configuration

Chapter 16

Configuration CRC

All Spartan®-3 generation FPGAs have an embedded 32-bit cyclic-redundancy checker
(CRC) circuit designed to flag errors when loading the configuration bitstream. The
configuration CRC circuit is always active during configuration unless specifically
disabled in the configuration bitstream. Spartan-3A /3AN/3A DSP FPGAs also optionally
allow the CRC circuit to continue operating after configuration.

CRC Checking during Configuration

As the configuration data frames are loaded, the FPGA calculates a Cyclic Redundancy
Check (CRC) value from the configuration data packets. After all the configuration data
frames are loaded, the configuration bitstream issues a Check CRC command to the FPGA,
followed by an expected CRC value. If the CRC check values match, the FPGA continues
the configuration process by progressing to the Startup phase. If the CRC value does not
match, then there are slightly different behaviors between the various Spartan-3
generation product families, as described below.

Spartan-3 and Spartan-3E Configuration CRC Errors

If the CRC value calculated by the FPGA does not match the expected CRC value in the
bitstream, the FPGA drives the INIT_B pin Low and aborts configuration. When a CRC
error occurs, the CCLK output goes to the high-impedance state (Hi-Z), unless the HSWAP
or HSWAP_EN pin is Low, in which case the CCLK output is pulled High.

Configuration CRC Enabled by Default

The CRC check is included in the configuration bitstream by default (CRC:Enable).
However it is possible to disable the check, which should only be done in rare
circumstances and with great caution. If the CRC check is disabled, there is a risk of
loading incorrect configuration data frames, causing incorrect design behavior or damage
to the FPGA.

Possible CRC Escapes

There is a scenario where errors in transmitting the configuration bitstream can be missed
by the CRC check. Certain clocking errors, such as double-clocking, can cause loss of
synchronization between the bitstream packets and the configuration logic. Once
synchronization is lost, any subsequent commands are not understood by the FPGA,
including the command that performs the CRC check. In this situation, configuration fails
with the FPGA’s DONE pin Low and the INIT_B pin High because the CRC was ignored.
In Spartan-3A /3AN/3A DSP BPI mode, the address counter eventually overflows or
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underflows to cause wraparound, which triggers reconfiguration if the Reset_on_err:Yes
bitstream option is set.

Spartan-3A/3AN/3A DSP Configuration CRC Errors and Configuration
Watchdog Timer

Spartan-3A/3AN/3A DSP FPGAs include a Configuration Watchdog Timer (CWDT)
function. If the FPGA configures in one of the Master modes, and if the Reset_on_err:Yes
bitstream option is set, then the Spartan-3A/3AN/3A DSP FPGA automatically re-
initializes itself and attempts to reconfigure if a CRC error occurs during configuration. In
BPI and SPI modes, if reconfiguration fails three times, then the FPGA halts and drives the
INIT_B pin Low. The CCLK output goes to the high-impedance state (Hi-Z), unless the
HSWAP or HSWAP_EN pin is Low, in which case the CCLK output is pulled High. Pulsing
the PROG_B pin or power cycling restarts the configuration process from the beginning.
The JTAG interface remains responsive and the device is still alive, only the BPI/SPI
interface is inoperable.

The counter that keeps track of the three failed configurations is reset only when PROG_B
is pulsed or power is cycled; it is not reset after a successful configuration. Note that when
configuring via SPI or BPI modes and using the Reset_on_err:Yes bitstream option, any
combination of successful and failed configurations, over any period of time, will halt after
the third failed configuration, and require assertion of PROG_B or power cycling to
reconfigure. It is good design practice to have the ability to assert PROG_B to reset
configuration if necessary.

Robust CMOS Configuration Latches (CCLS)

FPGA configuration data is stored in robust CMOS configuration latches (CCLs). Despite
being readable and writable like static RAM (SRAM), CCLs are designed primarily for
stability, resulting in improved stability over voltage and temperature. CCLs also exhibit
10 to 100 times better immunity to single-event upset (SEU) phenomenon than traditional
SRAM memories.

Xilinx is a world-leader in measuring and mitigating SEU effects on FPGAs. Extensive
proton-beam and atmospheric data is available upon request.

Post-Configuration CRC (Spartan-3A/3AN/3A DSP Only)

Despite the robust stability of the CMOS configuration latches (CCLs) that hold the FPGA
configuration data, some high-reliability, high-demand applications require continuous
checking of all configuration memory locations. Spartan-3A/3AN/3A DSP FPGAs offer
this capability. The configuration CRC checker can be enabled so that it continues to
monitor the FPGA bitstream after configuration.

Overview

Figure 16-1, page 301 provides a conceptual overview of the post-configuration CRC
checker circuit.
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Figure 16-1: Conceptual Overview of Post-Configuration CRC Calculator

If the POST_CRC=ENABLE configuration constraint is set, then the CRC checker circuit
continuously scans the FPGA bitstream, calculates a resulting CRC value, then compares
this value against a previously calculated, expected CRC value. If there is a difference
between the two CRC check values, then the CRC checker flags the error by driving the
FPGA'’s INIT_B pin Low.

The calculated CRC value changes if any unmasked bit, in any location, changes for any
reason. Obviously, the FPGA application will modify some locations during the course of
normal operation. Consequently, all writable bits, such as flip-flops, latches, and block
RAM are automatically excluded from the CRC calculation. Any write operations to these
locations would otherwise result in a different calculated CRC value and a subsequent
CRC “error.” Similarly, the look-up tables (LUTs) within the SLICEM logic slices in each
Configurable Logic Block (CLB) also potentially contain writable functions, such as
distributed RAM or SRL16 shift registers.

Consequently, by default, all LUTs in all SLICEM logic slices are excluded from the
calculated CRC value. However, if all the LUTs in the FPGA application are only used for
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logic, that is, there is no distributed RAM or SRL16 shift registers in the design, then the
SLICEM LUTs can be included in the calculation by setting the glutmask:No bitstream
option. See the ISE® software project summary report to determine if the design uses any
distributed RAM or SRL16 shift registers.

Block RAM is excluded from the CRC calculation because a change in the RAM content
would have a subsequent change in the CRC result. Byte-, half-word-, or word-level
changes are easily detected using the available parity bits provided as part of the block
RAM function. See “Techniques to Check Distributed and Block RAM Contents,” page 305
for more information.

Continuous CRC Checking Until Configuration, JTAG or Suspend Event

The CRC checker continues until one of the following events occurs. Upon any one of these
events, the CRC checker stops operating.

¢  The configuration controller receives a valid synchronization word, which can occur if
the FPGA is being reconfigured or from a MultiBoot operation.

e There is an active configuration operation via the JTAG port.

e The FPGA enters the power-saving Suspend mode.

If enabled in the bitstream, the CRC checker will reset and restart at the end of the
configuration event or when the FPGA awakens from Suspend mode.

Clock Source

If enabled, the post-configuration CRC checker is clocked by one of three sources,
depending on the specific FPGA application, ordered from least-likely to most-likely.

e If the bitstream option Persist:Yes is selected and the FPGA is configured using one of
the Slave configuration modes, then the post-configuration CRC checker is clocked
using the FPGA’s CCLK input pin.

e If the Internal Configuration Access Port (ICAP) feature is enabled, the post-
configuration CRC checker is clocked by the CLK input on the ICAP design primitive.

e  Otherwise, the post-configuration CRC checker is clocked by the FPGA’s internal
oscillator. Set the frequency of the internal oscillator using the POST_CRC_FREQ
configuration constraint. See Table 16-1 for available options.

CRC Checking Time

The time required for each CRC calculation is similar to the serial configuration time, and
depends on the density and clock rate. The CRC engine is a one-bit-wide shift register as
are the internal registers of the device. So, for each clock period one bit will be shifted into
the CRC engine. The total time then to run one CRC check will be the (total number of
configuration bits) X (clock period). For example, the XC3S50A has 437,312 bits; running at
12 MHz, the CRC check will take 0.0364 seconds. The XC3S1400A has 4,755,296 bits;
running at 12 MHz, the CRC check will take 0.39627 seconds.

Behavior when CRC Error Occurs

As described earlier, the FPGA flags a post-configuration CRC error by driving the open-
drain INIT_B pin Low. The INIT_B pin will say Low until the device is re-configured. This
is identical to the way that the FPGA flags a CRC error during configuration. When the
post-configuration CRC feature is enabled, the INIT_B pin is reserved as an open-drain
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output with an internal, dedicated pull-up resistor to the VCCO_2 supply input. The
INIT_B pin cannot be used as an user-I/O when the CRC feature is enabled.

The POST_CRC_ACTION configuration constraint defines how the post-configuration
CRC checker behaves should it detect an error. If POST_CRC_ACTION=HALT, then the
CRC circuit stops calculating a new CRC value if an error occurs. This allows an external
device to check the CRC signature using Readback. If POST_CRC_ACTION=CONTINUE,
then the CRC circuit continues to check for additional post-configuration CRC errors, even
after detecting an error. The INIT_B pin stays Low after the first error, while additional
CRC changes would indicate additional errors.

The FPGA-based system separately determines what action to take when a CRC error
occurs. Most applications will simply decide to reconfigure the FPGA.

Verifying CRC Error Behavior

To verify the post-configuration CRC checking function, the user can force a change using
the SRL16 logic. Instantiate at least one SRL16 and set the glutmask:No bitstream option.
Write to the SRL16 to change its state and the post-configuration CRC feature should flag
the CRC error.

Preparing an Application to Use the Post-Configuration CRC Feature

e Enable the post-configuration CRC logic using the POST_CRC=ENABLE
configuration constraint.

e The post-configuration CRC checker is clocked by one of three possible clock sources
as described in “Clock Source”. Be sure that the application or system is providing the
required clock input. In most applications, the CRC checker uses the FPGA's internal
oscillator as the clock source. Set the oscillator frequency using the POST_CRC_FREQ
configuration constraint. By default, the oscillator is set at 1, which roughly equates to
a 1 MHz clock. See Table 16-2 for available options.

e Using the POST_CRC_ACTION configuration constraint, define whether the CRC
checker will continue to check for additional CRC errors or will halt checking.

e If any look-up tables (LUTs) in the FPGA application are used as distributed RAM or
SRL16 shift registers, then leave the glutmask bitstream generator option at its default
value.

Example User Constraints File (UCF)

Figure 16-2 provides an example user constraints file to enable the post-configuration CRC
checker.

# Enabl e the post-configuration CRC checker
CONFI G POST_CRC = ENABLE ;

# Set clock frequency for CRC checker circuitry
CONFI G POST_CRC FREQ = 1 ;

# Define if the CRC checker continues or halts after detecting an error
CONFI G POST_CRC_ACTI ON = CONTI NUE ;

Figure 16-2: UCF Constraints for Post-Configuration CRC
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CONFIG Constraints

Table 16-1 lists the available CONFIG constraints that control the post-configuration CRC

feature.
Table 16-1: Post-Configuration CRC CONFIG Constraints
CONFIG Constraint Setting Description
POST_CRC DISABLE Default. Disable the post-configuration CRC
checker. INIT_B pin is available as a user-1/0O pin.
ENABLE Enable the post-configuration CRC checker.
INIT_B pin is reserved to flag CRC errors and not
available as a user-I/0 pin.
POST_CRC_FREQ 1,3,6,7,8,10,12, | Default value is 1. Sets the clock frequency used

13,17,22,25,27,
33, 44, 50, 100

for the post-configuration CRC checker.

POST_CRC_ACTION

CONTINUE Default. If a CRC mismatch is detected, continue
reading back the bitstream, computing the
comparison CRC, and making the comparison
against the precomputed CRC.

HALT If a CRC mismatch is detected, cease CRC check.

Bitstream Generator Options

Table 16-2 lists the bitstream generator (BitGen) options associated with the post-
configuration CRC feature. The shaded fields are hidden because the CONFIG constraints
are the preferred control mechanism, as described in “Preparing an Application to Use the
Post-Configuration CRC Feature,” page 303. The glutmask option has no associated

CONFIG constraint.
Table 16-2: Post-Configuration CRC Bitstream Generator Options
. . Setting .
BitGen Option (default) Description
post_crc_en No Default. Disable the post-configuration CRC checker.
Yes Enable the post-configuration CRC checker.

post_crc_freq

1,3,6,7,8,10,12,

Sets the clock frequency used for the post-

13,17,22,25,27, | configuration CRC checker. The available options are
33, 44, 50, 100 the same as for the ConfigRate bitstream option.
post_crc_keep No Default. Stop checking when error detected. Allows
— CRC signature to be read back.
Yes Continue to check for CRC errors after an error was

detected.
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Table 16-2: Post-Configuration CRC Bitstream Generator Options (Continued)

Setting
(default)

glutmask Default. Mask out the Look-Up Table (LUT) bits from
the SLICEM logic slices. SLICEMs support writable
Yes functions such as distributed RAM and SRL16 shift
registers, which generate CRC errors when bit
locations are modified.

Include the Look-Up Table (LUT) bits from SLICEM
logic slices. Use this option only if the application does
not include any distributed RAM or SRL16 shift
registers.

BitGen Option Description

Design Considerations

While all flip-flop and latch values are automatically ignored, the initial values for each
flip-flop and latch are included in the CRC calculation. Consequently, do not issue a
Readback CAPTURE operation when the post-configuration CRC feature is enabled. The
CAPTURE operation captures the current flip-flop and latch values and writes them back
to the memory cells that originally contained the initial values.

Techniques to Check Distributed and Block RAM Contents

As described earlier, block RAM, LUT RAM, and SRL16 shift registers are not included as
part of the CRC calculation. Any RAM errors, should they occur, are not flagged on the
INIT_B pin. However, it is possible to check RAM contents during operation using simple
parity, as shown in Figure 16-3.

Each block RAM has additional bit locations specifically to store parity values. The parity
generator is a simple XOR gate, implemented using FPGA logic. Parity is generated for any
data written to the block RAM. The parity checker is also a simple XOR gate, effectively
with an additional input. Parity is generated for any data value read from block RAM. The
generated parity value is compared against the parity bit also read from the RAM. If the
values are different, then an odd number of bits changed within the RAM location between
the time the value was written to the time it was read and checked.

RAMB16_S9

DI[7:0] DO[7:0]

)):>—>D|P DOP D_’ ERROR

Parity Generator Parity Checker
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Figure 16-3: Checking Block RAM Contents Using Simple Parity

Although Figure 16-3 shows a block RAM example, the same technique applies for
distributed RAM.

Similarly, both block RAM and distributed RAM support dual-port read operations. The
parity checker function can be moved to the second read port so that it can continuously
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monitor the RAM contents without affecting normal operation. Similarly, if the block RAM
contents are static, if used to store PicoBlaze™ processor code as an example, then FPGA
logic can use the second block RAM port and continuously calculate a CRC signature for
the block RAM contents. If the signature changes between subsequent checking
operations, then the circuit flags an error. This is similar to the method used to
continuously check the FPGA configuration memory cells.
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