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Introduction

The Spartan®-l Field-Programmable Gate Array family
gives users high performance, abundant logic resources,
and a rich feature set, all at an exceptionally low price. The
six-member family offers densities ranging from 15,000 to
200,000 system gates, as shown in Table 1. System
performance is supported up to 200 MHz. Features include
block RAM (to 56K bhits), distributed RAM (to 75,264 bits),
16 selectable 1/O standards, and four DLLs. Fast,
predictable interconnect means that successive design
iterations continue to meet timing requirements.

The Spartan-Il family is a superior alternative to
mask-programmed ASICs. The FPGA avoids the initial
cost, lengthy development cycles, and inherent risk of
conventional ASICs. Also, FPGA programmability permits
design upgrades in the field with no hardware replacement
necessary (impossible with ASICs).

Features

» Second generation ASIC replacement technology

- Densities as high as 5,292 logic cells with up to
200,000 system gates

- Streamlined features based on Virtex® FPGA
architecture

- Unlimited reprogrammability

- Very low cost

- Cost-effective 0.18 micron process

Table 1: Spartan-Il FPGA Family Members

e System level features

- SelectRAM™ hierarchical memory:
16 bits/LUT distributed RAM
Configurable 4K bit block RAM
Fast interfaces to external RAM

- Fully PCI compliant

- Low-power segmented routing architecture

- Full readback ability for verification/observability

- Dedicated carry logic for high-speed arithmetic

- Efficient multiplier support

- Cascade chain for wide-input functions

- Abundant registers/latches with enable, set, reset
- Four dedicated DLLs for advanced clock control

- Four primary low-skew global clock distribution
nets

- |EEE 1149.1 compatible boundary scan logic
e Versatile /0 and packaging
- Pb-free package options
- Low-cost packages available in all densities
- Family footprint compatibility in common packages
- 16 high-performance interface standards
- Hot swap Compact PCI friendly
- Zero hold time simplifies system timing
e Core logic powered at 2.5V and 1/0Os powered at 1.5V,
2.5V, or 3.3V
«  Fully supported by powerful Xilinx® ISE® development
system
- Fully automatic mapping, placement, and routing

CLB Maximum Total Total
Logic System Gates Array Total Available | Distributed RAM | Block RAM
Device Cells (Logic and RAM) (RxC) | CLBs | Userl/O® Bits Bits
XC2S15 432 15,000 8x12 96 86 6,144 16K
XC2S30 972 30,000 12 x 18 216 92 13,824 24K
XC2S50 1,728 50,000 16 x 24 384 176 24,576 32K
XC2S100 2,700 100,000 20x 30 600 176 38,400 40K
XC2S150 3,888 150,000 24 x 36 864 260 55,296 48K
XC2S200 5,292 200,000 28x 42 | 1,176 284 75,264 56K
Notes:

1. Alluser I/O counts do not include the four global clock/user input pins. See details in Table 2, page 4.
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Revision History

Date Version No. Description

09/18/00 2.0 Sectioned the Spartan-Il Family data sheet into four modules. Added industrial temperature
range information.

10/31/00 2.1 Removed Power down feature.

03/05/01 2.2 Added statement on PROMSs.

11/01/01 2.3 Updated Product Availability chart. Minor text edits.

09/03/03 2.4 Added device part marking.

08/02/04 2.5 Added information on Pb-free packaging options and removed discontinued options.

06/13/08 2.8 Updated description and links. Updated all modules for continuous page, figure, and table
numbering. Synchronized all modules to v2.8.

PN 011311
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Figure 4: Spartan-ll CLB Slice (two identical slices in each CLB)

Storage Elements

Storage elements in the Spartan-Il FPGA slice can be
configured either as edge-triggered D-type flip-flops or as
level-sensitive latches. The D inputs can be driven either by
function generators within the slice or directly from slice
inputs, bypassing the function generators.

In addition to Clock and Clock Enable signals, each slice
has synchronous set and reset signals (SR and BY). SR
forces a storage element into the initialization state
specified for it in the configuration. BY forces it into the

opposite state. Alternatively, these signals may be
configured to operate asynchronously.

All control signals are independently invertible, and are
shared by the two flip-flops within the slice.

Additional Logic

The F5 multiplexer in each slice combines the function
generator outputs. This combination provides either a
function generator that can implement any 5-input function,
a 4:1 multiplexer, or selected functions of up to nine inputs.
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Boundary-scan operation is independent of individual I0B
configurations, and unaffected by package type. All IOBs,
including unbonded ones, are treated as independent
3-state bidirectional pins in a single scan chain. Retention of
the bidirectional test capability after configuration facilitates
the testing of external interconnections.

Table 7 lists the boundary-scan instructions supported in
Spartan-ll FPGAs. Internal signals can be captured during
EXTEST by connecting them to unbonded or unused IOBs.
They may also be connected to the unused outputs of IOBs
defined as unidirectional input pins.

Table 7: Boundary-Scan Instructions

The public boundary-scan instructions are available prior to
configuration. After configuration, the public instructions
remain available together with any USERCODE
instructions installed during the configuration. While the
SAMPLE and BYPASS instructions are available during
configuration, it is recommended that boundary-scan
operations not be performed during this transitional period.

In addition to the test instructions outlined above, the
boundary-scan circuitry can be used to configure the FPGA,
and also to read back the configuration data.

To facilitate internal scan chains, the User Register
provides three outputs (Reset, Update, and Shift) that
represent the corresponding states in the boundary-scan

Boundary-Scan Binary . ;
o internal state machine.
Command Code[4:0] Description
EXTEST 00000 Enables boundary-scan
EXTEST operation
SAMPLE 00001 Enables boundary-scan
SAMPLE operation
USR1 00010 Access user-defined
register 1
USR2 00011 Access user-defined
register 2
CFG_OuT 00100 Access the
configuration bus for
Readback
CFG_IN 00101 Access the
configuration bus for
Configuration
INTEST 00111 Enables boundary-scan
INTEST operation
USRCODE 01000 Enables shifting out
USER code
IDCODE 01001 Enables shifting out of
ID Code
HIZ 01010 Disables output pins
while enabling the
Bypass Register
JSTART 01100 Clock the start-up
sequence when
StartupClk is TCK
BYPASS 11111 Enables BYPASS
RESERVED All other Xilinx® reserved
codes instructions
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Figure 9 is a diagram of the Spartan-Il family boundary scan
logic. It includes three bits of Data Register per IOB, the
IEEE 1149.1 Test Access Port controller, and the Instruction
Register with decodes.
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Figure 9: Spartan-Il Family Boundary Scan Logic

Bit Sequence

The bit sequence within each I0B is: In, Out, 3-State. The
input-only pins contribute only the In bit to the boundary
scan /O data register, while the output-only pins
contributes all three bits.

From a cavity-up view of the chip (as shown in the FPGA
Editor), starting in the upper right chip corner, the boundary
scan data-register bits are ordered as shown in Figure 10.

BSDL (Boundary Scan Description Language) files for
Spartan-Il family devices are available on the Xilinx
website, in the Downloads area.
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Master Serial Mode

In Master Serial mode, the CCLK output of the FPGA drives
a Xilinx PROM which feeds a serial stream of configuration
data to the FPGA'’s DIN input. Figure 15 shows a Master
Serial FPGA configuring a Slave Serial FPGA from a
PROM. A Spartan-Il device in Master Serial mode should
be connected as shown for the device on the left side.
Master Serial mode is selected by a <00x> on the mode
pins (MO, M1, M2). The PROM RESET pin is driven by INIT,
and CE input is driven by DONE. The interface is identical
to the slave serial mode except that an oscillator internal to
the FPGA is used to generate the configuration clock
(CCLK). Any of a number of different frequencies ranging
from 4 to 60 MHz can be set using the ConfigRate option in
the Xilinx software. On power-up, while the first 60 bytes of

the configuration data are being loaded, the CCLK
frequency is always 2.5 MHz. This frequency is used until
the ConfigRate bits, part of the configuration file, have been
loaded into the FPGA, at which point, the frequency
changes to the selected ConfigRate. Unless a different
frequency is specified in the design, the default ConfigRate
is 4 MHz. The frequency of the CCLK signal created by the
internal oscillator has a variance of +45%, —30% from the
specified value.

Figure 17 shows the timing for Master Serial configuration.
The FPGA accepts one bit of configuration data on each
rising CCLK edge. After the FPGA has been loaded, the
data for the next device in a daisy-chain is presented on the
DOUT pin after the rising CCLK edge.

CCLK
(Output)
Tckps
Tpsck
Serial Data In \ X
Tcco
Serial DOUT
(Output) X X \X
DS001_17_110101
Symbol Description Units
Tpsck DIN setup 5.0 ns, min
Tckps ccLk | DIN hold 0.0 ns, min
Frequency tolerance with respect to +45%, —30% -
nominal

Figure 17: Master Serial Mode Timing

Slave Parallel Mode

The Slave Parallel mode is the fastest configuration option.
Byte-wide data is written into the FPGA. A BUSY flag is
provided for controlling the flow of data at a clock frequency
FCCNH above 50 MHz.

Figure 18, page 24 shows the connections for two
Spartan-Il devices using the Slave Parallel mode. Slave
Parallel mode is selected by a <011> on the mode pins (MO,
M1, M2).

If a configuration file of the format .bit, .rbt, or non-swapped
HEX is used for parallel programming, then the most
significant bit (i.e. the left-most bit of each configuration
byte, as displayed in a text editor) must be routed to the DO
input on the FPGA.

The agent controlling configuration is not shown. Typically,
a processor, a microcontroller, or CPLD controls the Slave
Parallel interface. The controlling agent provides byte-wide
configuration data, CCLK, a Chip Select (CS) signal and a
Write signal (WRITE). If BUSY is asserted (High) by the
FPGA, the data must be held until BUSY goes Low.

After configuration, the pins of the Slave Parallel port
(D0-D7) can be used as additional user 1/O. Alternatively,
the port may be retained to permit high-speed 8-bit
readback. Then data can be read by de-asserting WRITE.
See "Readback," page 25.
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Design Considerations

This section contains more detailed design information on
the following features:

e Delay-Locked Loop . . . see page 27
e Block RAM. .. see page 32
* Versatile I/O . . . see page 36

Using Delay-Locked Loops

The Spartan-Il FPGA family provides up to four fully digital
dedicated on-chip Delay-Locked Loop (DLL) circuits which
provide zero propagation delay, low clock skew between
output clock signals distributed throughout the device, and
advanced clock domain control. These dedicated DLLs can
be used to implement several circuits that improve and
simplify system level design.

Introduction

Quality on-chip clock distribution is important. Clock skew
and clock delay impact device performance and the task of
managing clock skew and clock delay with conventional
clock trees becomes more difficult in large devices. The
Spartan-Il family of devices resolve this potential problem
by providing up to four fully digital dedicated on-chip
Delay-Locked Loop (DLL) circuits which provide zero
propagation delay and low clock skew between output clock
signals distributed throughout the device.

Each DLL can drive up to two global clock routing networks
within the device. The global clock distribution network
minimizes clock skews due to loading differences. By
monitoring a sample of the DLL output clock, the DLL can
compensate for the delay on the routing network, effectively
eliminating the delay from the external input port to the
individual clock loads within the device.

In addition to providing zero delay with respect to a user
source clock, the DLL can provide multiple phases of the
source clock. The DLL can also act as a clock doubler or it
can divide the user source clock by up to 16.

Clock multiplication gives the designer a number of design
alternatives. For instance, a 50 MHz source clock doubled
by the DLL can drive an FPGA design operating at

100 MHz. This technique can simplify board design
because the clock path on the board no longer distributes
such a high-speed signal. A multiplied clock also provides
designers the option of time-domain-multiplexing, using one
circuit twice per clock cycle, consuming less area than two
copies of the same circuit.

The DLL can also act as a clock mirror. By driving the DLL
output off-chip and then back in again, the DLL can be used
to de-skew a board level clock between multiple devices.

In order to guarantee the system clock establishes prior to
the device "waking up,” the DLL can delay the completion of

the device configuration process until after the DLL
achieves lock.

By taking advantage of the DLL to remove on-chip clock
delay, the designer can greatly simplify and improve system
level design involving high-fanout, high-performance
clocks.

Library DLL Primitives

Figure 22 shows the simplified Xilinx library DLL macro,
BUFGDLL. This macro delivers a quick and efficient way to
provide a system clock with zero propagation delay
throughout the device. Figure 23 and Figure 24 show the
two library DLL primitives. These primitives provide access
to the complete set of DLL features when implementing
more complex applications.

— Ons

DS001_22_032300

Figure 22: Simplified DLL Macro BUFGDLL

CLKDLL

| CLKIN CLKO ——
CLK90 —
CLK180 ——
CLK270 —

— CLKFB

CLK2X ——

CLKDV ——

— RST LOCKED |—

DS001_23_032300

Figure 23: Standard DLL Primitive CLKDLL

CLKDLLHF
— | CLKIN CLKO —
— CLKFB CLK180 [——
CLKDV  [—
— RST LOCKED |—

DS001_24_032300

Figure 24: High-Frequency DLL Primitive CLKDLLHF
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Table 11: Available Library Primitives

Primitive Port A Width Port B Width
RAMB4 S4 4 N/A
RAMB4 S4 S4 4
RAMB4 S4 S8 8
RAMB4 S4 S16 16
RAMB4_S8 8 N/A
RAMB4 S8 S8 8
RAMB4 S8 S16 16
RAMB4 _S16 16 N/A
RAMB4 S16 S16 16

Port Signals

Each block RAM port operates independently of the others
while accessing the same set of 4096 memory cells.

Table 12 describes the depth and width aspect ratios for the

block RAM memory.

Table 12: Block RAM Port Aspect Ratios

Width Depth ADDR Bus Data Bus
1 4096 ADDR<11:0> DATA<0>
2 2048 ADDR<10:0> DATA<1:0>
4 1024 ADDR<9:0> DATA<3:0>
8 512 ADDR<8:0> DATA<7:0>
16 256 ADDR<7:0> DATA<15:0>

Clock—CLKJA|B]

Each port is fully synchronous with independent clock pins.
All port input pins have setup time referenced to the port
CLK pin. The data output bus has a clock-to-out time
referenced to the CLK pin.

Enable—EN[A|B]

The enable pin affects the read, write and reset functionality
of the port. Ports with an inactive enable pin keep the output
pins in the previous state and do not write data to the

Reset—RST[A|B]

The reset pin forces the data output bus latches to zero
synchronously. This does not affect the memory cells of the
RAM and does not disturb a write operation on the other
port.

Address Bus—ADDR[A|B]<#:0>

The address bus selects the memory cells for read or write.
The width of the port determines the required width of this
bus as shown in Table 12.

Data In Bus—DI[A|B]<#:0>

The data in bus provides the new data value to be written
into the RAM. This bus and the port have the same width,
as shown in Table 12.

Data Output Bus—DO[A|B]<#:0>

The data out bus reflects the contents of the memory cells
referenced by the address bus at the last active clock edge.
During a write operation, the data out bus reflects the data
in bus. The width of this bus equals the width of the port.
The allowed widths appear in Table 12.

Inverting Control Pins

The four control pins (CLK, EN, WE and RST) for each port
have independent inversion control as a configuration
option.

Address Mapping

Each port accesses the same set of 4096 memory cells
using an addressing scheme dependent on the width of the
port. The physical RAM location addressed for a particular
width are described in the following formula (of interest only
when the two ports use different aspect ratios).

Start = ([ADDRpq ¢ + 1] * Widthpg) — 1
End = ADDR o * Widthyory

Table 13 shows low order address mapping for each port
width.

Table 13: Port Address Mapping

memory cells. Port
Write Enable—WE[A|B] Widt Port

o ) ) ) h Addresses
Activating the write enable pin allows the port to write to the
memory cells. When active, the contents of the data input 1 4095... | 111/1/1/1/1/0/0/0/0/ 0100000
bus are written to the RAM at the address pointed to by the 504321009876 543210
address bug, anq the new data als_o reflects on the data out 2047.. |07 o6 1 051041 03|02 01 00
bus. When inactive, a read operation occurs and the
contents of the memory cells referenced by the address bus 4 1023... 03 02 01 00
reflect on the data out bus. 511.. 01 00

16 255... 00
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HSTL Class llI

A sample circuit illustrating a valid termination technique for

HSTL_IIl appears in Figure 45. DC voltage specifications
appear in Table 23 for the HSTL_Ill standard. See "DC
Specifications" in Module 3 for the actual FPGA

characteristics.

HSTL Class llI

VCCO =15V

VTT =15V

DS001_45_061200

Figure 45: Terminated HSTL Class Il

Table 23: HSTL Class Ill Voltage Specification

Parameter Min Typ Max
Veco 1.40 1.50 1.60
Vegr @ - 0.90 -

V1T - Veeo -

Vin Vrer + 0.1 - -

Vi - - Vrer—0.1
Vou Veco—04 - -

VoL - - 0.4
lon at Von (MA) -8 - -

loL at Vo (MA) 24 - -

Notes:

1. Per EIA/JESDS8-6, "The value of Vggg is to be selected by the

user to provide optimum noise margin in the use conditions
specified by the user.”

HSTL Class IV

A sample circuit illustrating a valid termination technique for
HSTL_IV appears in Figure 46.DC voltage specifications
appear in Table 23 for the HSTL_|V standard. See "DC
Specifications" in Module 3 for the actual FPGA

characteristics

HSTL Class IV
VTT =1.5V

VCCO =15V

VTT =15V

DS001_46_061200

Figure 46: Terminated HSTL Class IV

Table 24: HSTL Class IV Voltage Specification

Parameter Min Typ Max
Veco 1.40 1.50 1.60
Veer : 0.90 :

VT - Veeo -

Vin Vrer + 0.1 - -

ViL - - Vrer— 0.1
Von Vcco—04 - -

VoL - - 0.4
lon at Vou (MA) -8 - -

loL at Vg (MA) 48 - -

Notes:

1. Per EIA/JESD8-6, "The value of Vg is to be selected by the
user to provide optimum noise margin in the use conditions
specified by the user.”
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SSTL2_|

A sample circuit illustrating a valid termination technique for
SSTL2_| appears in Figure 49. DC voltage specifications
appear in Table 27 for the SSTL2_| standard. See "DC
Specifications" in Module 3 for the actual FPGA
characteristics

SSTL2 Class |

VTT =1.25V

VCCO =2.5V

VREF =1.25V

DS001_49_061200

Figure 49: Terminated SSTL2 Class |

Table 27: SSTL2_| Voltage Specifications

SSTL2 Class Il

A sample circuit illustrating a valid termination technique for
SSTL2_Il appears in Figure 50. DC voltage specifications
appear in Table 28 for the SSTL2_|l standard. See "DC
Specifications" in Module 3 for the actual FPGA
characteristics.

SSTL2 Class Il
VTT =1.25V VTT =1.25V
VCCO =25V
_l 50Q

VREF =1.25V

DS001_50_061200

Figure 50: Terminated SSTL2 Class Il

Table 28: SSTL2_ll Voltage Specifications

Parameter Min Typ Max Parameter Min Typ Max
Veco 2.3 25 2.7 Veeo 23 25 2.7
Vrer = 0.5 %X Vo 1.15 1.25 1.35 Vrer = 0.5 % Veeo 1.15 1.25 1.35
V17 = Vreg + NO 111 1.25 1.39 V17 = Vreg + N®) 111 1.25 1.39
ViH 2= VRer + 0.18 1.33 1.43 3.0 ViH 2 VRer + 0.18 1.33 1.43 3.0
V|L< Vggg-0.18 -0.30) 1.07 1.17 V|L< Vgegp-0.18 -0.3) 1.07 1.17
Von = Vreg + 0.61 1.76 - - VoH 2 Vrer + 0.8 1.95 - -
VoL < Vreg—0.61 - - 0.74 VoL < Vreg-0.8 - - 0.55
lon at Von (MA) -7.6 - - lon at Von (MA) -15.2 - -
loL at Vo (MA) 7.6 - - loL at Vo (MA) 15.2 - -
Notes: Notes:
1. N must be greater than or equal to —0.04 and less than or 1. N must be greater than or equal to —0.04 and less than or

equal to 0.04. equal to 0.04.

2. Vi maximum is Ve + 0.3.
3.V minimum does not conform to the formula.

2. Vg maximum is Vg + 0.3.
3. VL minimum does not conform to the formula.
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LVTTL

LVTTL requires no termination. DC voltage specifications
appears in Table 32 for the LVTTL standard. See "DC
Specifications" in Module 3 for the actual FPGA
characteristics.

Table 32: LVTTL Voltage Specifications

Parameter Min Typ Max
Veeo 3.0 3.3 3.6
VRer - - -
V17 - - -
Viy 2.0 - 5.5
VL -0.5 - 0.8
Vou 2.4 - -
VoL - - 0.4
lon at Vou (MA) -24 - -
loL at Vg (mA) 24 - -

Notes:
1. VgL and Vgy for lower drive currents sample tested.

LVCMOS2

LVCMOS?2 requires no termination. DC voltage
specifications appear in Table 33 for the LVCMOS2
standard. See "DC Specifications" in Module 3 for the actual
FPGA characteristics.

Table 33: LVCMOS2 Voltage Specifications

Parameter Min Typ Max
Veeo 2.3 25 2.7
VRer - - -
V17 - - -
Viy 1.7 - 5.5
VL -0.5 - 0.7
Vou 1.9 - -
VoL - - 0.4
lon at Vou (MA) -12 - -
loL at Vo (mA) 12 - -

AGP-2X

The specification for the AGP-2X standard does not
document a recommended termination technique. DC
voltage specifications appear in Table 34 for the AGP-2X
standard. See "DC Specifications" in Module 3 for the actual
FPGA characteristics.

Table 34: AGP-2X Voltage Specifications

Parameter Min Typ Max
Veeo 3.0 3.3 3.6
Vrer = N X Veeo® 1.17 1.32 1.48
Vrr - - -
Vig2Vggg +0.2 1.37 1.52 -
ViL< VRep-0.2 - 1.12 1.28
Von 2 0.9 X Veeo 2.7 3.0 -
VoL < 0.1 xVeeo - 0.33 0.36
lon at Vou (MA) Note 2 - -
loL at Vg (MA) Note 2 - -
Notes:
1. N must be greater than or equal to 0.39 and less than or

equal to 0.41.

2. Tested according to the relevant specification.

For design examples and more information on using the I/O,
see XAPP179, Using SelectlO Interfaces in Spartan-1l and
Spartan-llE FPGAs.
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DLL Timing Parameters

All devices are 100 percent functionally tested. Because of
the difficulty in directly measuring many internal timing
parameters, those parameters are derived from benchmark

timing patterns. The following guidelines reflect worst-case
values across the recommended operating conditions.

Speed Grade
-6 -5
Symbol Description Min Max Min Max Units
FcLKINHE Input clock frequency (CLKDLLHF) 60 200 60 180 MHz
FcLKINLE Input clock frequency (CLKDLL) 25 100 25 90 MHz
ToLLPWHE Input clock pulse width (CLKDLLHF) 2.0 - 24 - ns
ToLLPWLE Input clock pulse width (CLKDLL) 25 - 3.0 - ns

DLL Clock Tolerance, Jitter, and Phase Information

All DLL output jitter and phase specifications were
determined through statistical measurement at the package
pins using a clock mirror configuration and matched drivers.

Figure 52, page 63, provides definitions for various
parameters in the table below.

CLKDLLHF CLKDLL

Symbol Description Felkin Min | Max | Min | Max | Units
TipTOL Input clock period tolerance - 1.0 - 1.0 ns
Tisrec | Input clock jitter tolerance (cycle-to-cycle) - +150 - +300 ps
TLock Time required for DLL to acquire lock > 60 MHz - 20 - 20 us
50-60 MHz - - - 25 us
40-50 MHz - - - 50 us
30-40 MHz - - - 90 us
25-30 MHz - - - 120 us
Tostee | Output jitter (cycle-to-cycle) for any DLL clock output(®) - +60 - +60 ps
Tpuio | Phase offset between CLKIN and CLKO () - +100 - +100 ps
Tproo | Phase offset between clock outputs on the DLL(G) - +140 - +140 ps
Tpriom | Maximum phase difference between CLKIN and CLKO®) - +160 - +160 ps
Tproom | Maximum phase difference between clock outputs on the DLL®) - +200 - +200 ps

Notes:

1. Output Jitter is cycle-to-cycle jitter measured on the DLL output clock, excluding input clock jitter.
2. Phase Offset between CLKIN and CLKO is the worst-case fixed time difference between rising edges of CLKIN and CLKO,
excluding output jitter and input clock jitter.
3. Phase Offset between Clock Outputs on the DLL is the worst-case fixed time difference between rising edges of any two DLL
outputs, excluding Output Jitter and input clock jitter.
4. Maximum Phase Difference between CLKIN an CLKO is the sum of Output Jitter and Phase Offset between CLKIN and CLKO,
or the greatest difference between CLKIN and CLKO rising edges due to DLL alone (excluding input clock jitter).

5. Maximum Phase Difference between Clock Outputs on the DLL is the sum of Output Jitter and Phase Offset between any DLL
clock outputs, or the greatest difference between any two DLL output rising edges due to DLL alone (excluding input clock jitter).
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Period Tolerance: the allowed input clock period change in nanoseconds.

1
TekiN =

FoLkin

Teekin £ TipTOL

Output Jitter: the difference between an ideal

reference clock edge and the actual design.

Ideal Period

{

Actual Period

Jall!f_'\"_

Phase Offset and Maximum Phase Difference

% 92

[

[
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T 11
| bt
P
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Figure 52: Period Tolerance and Clock Jitter
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CLB Distributed RAM Switching Characteristics

Speed Grade
-6 -5
Symbol Description Min Max Min Max | Units
Sequential Delays
TsHcko16 Clock CLK to X/Y outputs (WE active, 16 x 1 mode) - 2.2 - 2.6 ns
TsHCKO32 Clock CLK to X/Y outputs (WE active, 32 x 1 mode) - 25 - 3.0 ns
Setup/Hold Times with Respect to Clock CLK(®)
Tas ! Tan F/G address inputs 0.7/0 - 0.7/0 - ns
Tps/ Tpl BX/BY data inputs (DIN) 0.8/0 - 0.9/0 - ns
Tws ! TwH CE input (WS) 09/0 - 1.0/0 - ns
Clock CLK
TweH Minimum pulse width, High - 29 - 2.9 ns
TweL Minimum pulse width, Low - 2.9 - 2.9 ns
Twe Minimum clock period to meet address write cycle time - 5.8 - 5.8 ns
Notes:
1. A zero hold time listing indicates no hold time or a negative hold time.
CLB Shift Register Switching Characteristics
Speed Grade
-6 -5
Symbol Description Min | Max Min | Max | Units
Sequential Delays
Trea Clock CLK to X/Y outputs - | 347 | - | 38 | ns
Setup Times with Respect to Clock CLK
TsHDICK BX/BY data inputs (DIN) 0.8 - 0.9 - ns
TsHCECK CE input (WS) 0.9 - 1.0 - ns
Clock CLK
TsrPH Minimum pulse width, High - 2.9 - 2.9 ns
TsrpL Minimum pulse width, Low - 2.9 - 2.9 ns
www.xilinx.com Module 3 of 4

DS001-3 (v2.8) June 13, 2008
Product Specification

66


http://www.xilinx.com

S XINxe

Spartan-Il FPGA Family: DC and Switching Characteristics

Revision History

Date Version No. Description

09/18/00 2.0 Sectioned the Spartan-Il Family data sheet into four modules. Updated timing to reflect the
latest speed files. Added current supply numbers and XC2S200 -5 timing numbers. Approved
-5 timing numbers as preliminary information with exceptions as noted.

11/02/00 2.1 Removed Power Down feature.

01/19/01 2.2 DC and timing numbers updated to Preliminary for the XC2S50 and XC2S100. Industrial
power-on current specifications and -6 DLL timing numbers added. Power-on specification
clarified.

03/09/01 2.3 Added note on power sequencing. Clarified power-on current requirement.

08/28/01 2.4 Added -6 preliminary timing. Added typical and industrial standby current numbers. Specified
min. power-on current by junction temperature instead of by device type (Commercial vs.
Industrial). Eliminated minimum Ve iyt ramp time requirement. Removed footnote limiting
DLL operation to the Commercial temperature range.

07/26/02 2.5 Clarified that I/O leakage current is specified over the Recommended Operating Conditions for
Vceint and Veco.

08/26/02 2.6 Added references for XAPP450 to Power-On Current Specification.

09/03/03 2.7 Added relaxed minimum power-on current (Iccpo) requirements to page 53. On page 64,
moved Trpyw Values from maximum to minimum column.

06/13/08 2.8 Updated I/O measurement thresholds. Updated description and links. Updated all modules for
continuous page, figure, and table numbering. Synchronized all modules to v2.8.
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XC2S15 Device Pinouts (Continued)

XC2S15 Device Pinouts (Continued)

XC2S15 Pad Name XC2S15 Pad Name
Bndry Bndry
Function Bank | VQ100 | TQ144 | CS144 | Scan Function Bank | VQ100 | TQ144 | CS144 | Scan
GND - - P61 J12 - I/0, Vrer 1 P86 P21 B8 24
I/O (D5) 3 P57 P60 J13 245 1/0 1 - P20 A8 27
/0 3 P58 P59 H10 248 1/0 1 P87 P19 B7 30
I/O, Vger 3 P59 P58 H11l 251 I, GCK2 1 P88 P18 A7 36
I/0 (D4) 3 P60 P57 H12 254 GND - P89 P17 Cc7 -
I/0 3 - P56 H13 257 Veeo 1 P90 P16 D7 -
VeeINT - P61 P55 G12 - Veeo 0 P90 P16 D7 -
I/O, TRDY®) 3 P62 P54 G13 260 I, GCK3 0 P91 P15 A6 37
Veeo 3 P63 P53 Gl1 - VeeInT - P92 P14 B6 -
Veeo 2 P63 P53 Gl1 - 1/0 0 - P13 C6 44
GND - P64 P52 G10 - I/O, VRer 0 P93 P12 D6 a7
I/0, IRDYW) 2 P65 P51 F13 263 1/0 0 - P11 A5 50
1/0 2 - P50 F12 266 1/0 0 - P10 B5 53
I/0 (D3) 2 P66 P49 F11 269 VeainT - P94 P9 C5 -
I/0, Vger 2 P67 P48 F10 272 GND - - P8 D5 -
I/0 2 P68 P47 E13 275 1/0 0 P95 P7 Ad 56
1/0 (D2) 2 P69 P46 E12 278 110 0 P96 P6 B4 59
GND - - P45 E11 - I/0, Vreg 0 P97 P5 C4 62
I/0 (D1) 2 P70 P44 E10 281 1/0 0 - P4 A3 65
I/0 2 P71 P43 D13 284 110 0 P98 P3 B3 68
I/O, VRer 2 P72 P41 D11 287 TCK - P99 P2 C3 -
I/0 2 - P40 C13 290 Veco 0 P100 P1 A2 -
I/O (DIN, DO) 2 P73 P39 C12 293 Veco 7 P100 P144 B2 -
I/0 (DOUT, 2 P74 P38 C11 296 04/18/01
BUSY) Notes:
CCLK 2 P75 P37 B13 299 1. IRDY and TRDY can only be accessed when using Xilinx
PCI cores.
Veco 2 P76 P36 B12 i 2. See "VCCO Banks" for details on Vg banking.
Veeo 1 P76 P35 A13 -
DO 2 Pr7 | P34 | AR - Additional XC2S15 Package Pins
GND - P78 P33 B11 -
VQ100
DI _ B P79 P32 All ) Not Connected Pins
I/O (CS) 1 P80 P31 D10 0 P28 | P29 | - | - \ - -
/O (WRITE) 1 P81 P30 | c10 3 11/02/00
1/0 1 - P29 B10 6 TQ144 _
IO, Vier 1 P82 P28 AL0 9 Not Connected Pins
P42 P64 P78 P101 P104 P105
110 1 P83 P27 D9 12 P116 P138 N N N -
I/0 1 P84 P26 C9 15 11/02/00
GND - - P25 B9 - CcS144
VeeInT - P85 P24 A9 - Not Connected Pins
D3 D12 Ja K13 M3 M4
1/0 - P23 D8 18 M10 N3 - : . :
1/0 - p22 C8 21 11/02/00
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XC2S50 Device Pinouts (Continued)

XC2S50 Device Pinouts (Continued)

XC2S50 Pad Name Bndry XC2S50 Pad Name Bndry
Function Bank | TQ144 | PQ208 | FG256 | Scan Function Bank | TQ144 | PQ208 | FG256 | Scan
10 5 P99 P63 P6 326 110 4 - P97 P11 | 415
GND - Po8 P64 | GND* - 110, Vrer 4 P77 P98 T12 418
Veco 5 - P65 | Veco - GND - - - GND* -
Bank 5* 110 4 - P99 T13 | 421
Veet - P97 P66 | Veent™ | - e 4 - - N12 | 424
iIo 5 P96 P67 R6 329 10 4 P76 | P100 | RI13 | 427
110 5 P95 P68 M7 332 o 2 - - 512 | 230
o 5 - P69 N7 338 e 4 P75 | P10l | P13 | 433
o 5 - P70 6 341 e 4 P74 | P102 | Ti4 436
iIo 5 - P71 P7 344 GND ) P73 | P103 | GND* ;
GND - - P72 | GND* - DONE P72 P104 | RI14 439
IO, Vier 5 P94 P73 P8 347 Veeo 2 P71 | P105 | Vee -
110 5 - P74 R7 350 Bank 4%
110 5 - - T7 353 Veco 3 P70 | P105 | Veeo -
110 5 Po3 P75 T8 356 Bank 3*
Veon - 592 P76 | Veorr |- PROGRAM - P69 | P106 | P15 | 442
Gkl : 501 — =8 365 110 (INIT) 3 P68 | P107 | N15 | 443
Veos 590 P78 | Veeo - /0 (D7) 3 P67 | P108 | N14 | 446
Bank 5* 110 3 - - T15 449
Veco 4 P90 P78 | Veco - e 3 P66 | P109 | M13 | 452
Bank 4* e 3 - - R16 | 455
GND - P89 P79 | GND* - e 3 - P110 | M14 | 458
I, GCKO 4 P88 P80 N8 366 GND - - - GND* -
o 4 P87 P81 N9 370 10, Vrer 3 P65 | P111 | L14 | 461
110 4 P86 P82 R9 373 o 3 - piiz | Mis | 464
110 4 - - N10 | 376 T 3 - - 1 167
iIo 4 - P83 Lk 379 110 3 P64 | P113 | P16 470
VO, Vrer 4 P85 P84 P9 382 110 3 P63 | Pll4 L13 473
GND - - P85 | GND* - 1/0 (D6) 3 P62 | P115 | N16 476
110 4 - P86 M10 | 385 GND - rel | pile | GND* -
110 4 - P87 R10 388 Veco 3 - P17 | Voo -
110 4 ; P8s P10 391 Bank 3*
110 4 P84 P89 T10 397 Vet - - P118 | Veont* | -
110 4 P83 P90 R11 | 400 /0 (D5) 3 P60 | P119 | M16 | 479
Voot - P82 POl | Veent® | - 110 3 P59 | P120 | K14 | 482
Veco 4 - P92 | Veeo - 110 3 - - L16 485
Bank 4* 110 3 - P121 K13 488
GND - P81 P93 | GND* - e 3 - P122 L15 491
110 4 P80 P94 M1l | 403 o 3 - pio3 | Kz | 494
110 4 P79 P95 T11 406 GND - - 5124 | GND* -
Vo 4 P78 P96 N1l | 409 10, Ver 3 P58 | P125 | K16 | 497
o 4 - - Rz | 412 /0 (D4) 3 P57 | P126 | J16 500
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XC2S100 Device Pinouts (Continued)

XC2S100 Device Pinouts (Continued)

XC25100 Pad XC25100 Pad
Name Bndry Name Bndry
Function |Bank|TQ144 | PQ208 | FG256 | FG456 | Scan Function |Bank | TQ144 | PQ208 | FG256 | FG456 | Scan
Voot - - P38 |Veont | Voot | - 10, Vrer 5 | P100 | P62 | RS W8 | 407
Veco 6 - P39 | Veco | Veco | - e 5 | P99 | P63 | P6 Ys | 410
Bank 6% Bank 6* GND - | Po8 | P64 | GND* | GND* | -
GND - | P119 | P40 | GND* | GND* | - Veco c - P65 | Veeo | Veeo | -
110 6 | P118 | P4l | K4 T1 | 314 Bank 5* | Bank 5*
IO, Vier 6 | P117 | P42 | M1 R4 | 317 VeanT - | P97 | P66 |Veewt |Veent*| -
110 6 - - - T2 | 320 e 5 | P96 | P67 | R6 | AA8 | 413
110 6 | P116 | P43 | L4 ur | 323 110 5 | P95 | P68 | M7 Vo | 416
110 6 - - M2 R5 | 326 110 5 - - - AB9 | 419
110 6 - P44 | L3 U2 | 332 110 5 - P69 | N7 Yo | 422
/O, Vier 6 | P115 | P45 | N1 T3 | 335 e 5 - P70 | T6 | W10 | 428
Veeo 6 - - | Veeco | Veeo | - e 5 ) P71 | P7 | AB10 | 431
Bank 6*| Bank 6* GND - - P72 | GND* | GND* | -
GND - - - | GND* | GND* | - 10, Ver 5 | Poa | P73 | P8 | Y10 | 434
o 6 - Pac | P1 T4 | 338 e 5 - P74 | R7 | V11 | 437
Vo 6 - - L5 wi | 341 e 5 - - T7 | wil | 440
iio 6 - - - U4 | 344 /0 5 | P93 | P75 | T8 | AB1l | 443
110 6 | P114 | P47 | N2 Y1 | 347 Veonr S P92 | P76 Veonr Veemr | -
o 6 - - M4 W2 | 350 I, GCK1 5 | Po1 | P77 | R8 | Y11 | 455
110 6 | P113 | P48 | R1 Y2 | 356 Veeo P90 | P78 | Vecs | Veeo | -
110 6 | P112 | P49 | M3 w3 | 359 Bank 5* | Bank 5*
M1 - | P11 | Pso | P2 uUs | 362 Veco 4 | P9 | P78 | Veco | Veco | -
GND - | P110 | P51 | GND* | GND* | - Bank 4* | Bank 4*
MO - | P09 | P52 | N3 | AB2 | 363 GND - | P89 | P79 | GND* | GND* | -
Veoo 6 | P108 P53 | Veeo | Veeo | - I, GCKO 4 | P88 | P80 | N8 | W12 | 456
Bank 6% Bank 6* e 4 | Pe7 | P81 | N9 | u12 | 460
Veco 5 | P107 | P53 | Veco | Veco | - 110 4 | P86 | P82 | R9 | Y12 | 466
Bank 5* | Bank 5* 110 4 - - N10 | AAL2 | 469
M2 - | P06 | P54 | R3 Y4 | 364 T 2 - 53 | To | ALz | 472
Vo ° - - N5 V7 | 374 0, VRer 4 | P85 | P84 | P9 | AA13 | 475
110 5 | P03 | P57 | T2 Y6 | 377 GND - - oss oo oo |
iIo 5 - - - AA4 | 380 e 4 - P86 | M10 | Y13 | 478
Vo 5 - - P5 W6 | 383 e 4 ) P87 | R10 | V13 | 481
Vo ° - P58 | T3 Y7 | 386 110 4 - P88 | P10 | AAl4 | 487
GND - - - | GND* | GND* | - 110 4 - - - V14 | 490
Veco > - - | Veco | Veco | - 110 4 | P84 | P89 | T10 | AB15 | 493
Bank 5* | Bank 5*
10 Ve =105 T pss T 2 | aas | 389 e 4 | P83 | P90 | R11 | AA1S | 496
/o 5 - P60 M6 ABS 392 Veent - P82 | P91 |Veoint™|Veownt™| -
110 5 - - TS5 AB6 | 398 Veeo 4 ) P92 B\;ﬁﬁ% B\;ﬁﬁ% ’
110 5 | P101 | P6L | N6 | AA7 | 401 GND T ps. | poz | oo | onDr |-
iio 5 - - - W7 | 404 e 4 | P80 | P94 | M11 | Y15 | 499
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XC2S150 Device Pinouts

XC2S150 Device Pinouts (Continued)

XC2S150 Pad Name Bndry XC2S150 Pad Name Bndry
Function Bank | PQ208 | FG256 | FG456 | Scan Function Bank | PQ208 | FG256 | FG456 | Scan
GND - P1 GND* GND* - 110 7 P22 G5 L1 314
T™S - P2 D3 D3 - 110 7 - - L5 317
/0 7 P3 c2 Bl 221 110 7 P23 H4 L4 320
/O 7 . . E4 224 I/0, IRDY®) 7 P24 G1 L3 323
/O 7 - - C1 227 GND - P25 GND* GND* -
110 7 - A2 F5 230 Veco 7 P26 Veco | Veco -
GND § § GND* GND* § Bank 7* | Bank 7*
/0 7 P4 B1 D2 233 Veco 6 P26 B\;ﬁﬁ%* B\;ﬁﬁ%* i
Vo ! j j E3 | 236 /O, TRDY® 6 | P27 | 2 M1 | 326
o ! - ] F 239 Veeint - P28 | Vcont® | Veont™ | -
/0 7 - E3 G5 242 o 5 - - M6 332
Vo ! P5 D2 F3 245 e 6 P29 H1 M3 | 335
GND j - GND* | GND* | - o 6 i 7 M4 | 338
Veco ! gocco | VYeco e 6 P30 n M5 | 341
10 Vs - - o1 = 228 /O, Vrer 6 P31 J3 N2 344
/0 7 P7 F3 E1l 251 Veco 6 i B\;gﬁ%* B\;ﬁﬁ%* i
Vo 7 - - G4 | 254 GND - P32 | GND* | GND* | -
Vo ! - - G3 | 2% 10 6 P33 K5 N3 | 347
Vo ! - E2 H5 | 260 e 6 P34 K2 N4 | 350
/0 7 P8 E4 F2 263 o 5 - - NS 356
Vo ! - - Fl 266 110 6 P35 K1 P2 | 359
/O, VRer 7 P9 D1 H4 269 o 5 - K3 P4 362
/0 7 P10 El Gl 272 o 5 - - Rl 365
GND - P11 | GND* | GND* | - 110 6 P36 L1 P3| 371
Veeo ! Pi2 | Yeco | Yeco Vo 6 P37 L2 R2 | 374
Veeint - P13 Veeint” | Veoint® ) VoeiNT ; Pss Veewr” | Voot -
o) 7 P14 F2 H3 275 Veco 6 P39 B\;ﬁﬁ%* B\;ﬁﬁ%* ’
e} 7 P15 G3 H2 278 GND - 520 | GND* | GND -
Vo ! - - Hi | 284 e 6 P41 K4 T1 377
Vo ! - Fl J5 287 /O, Vrer 6 P42 M1 R4 | 380
e} 7 P16 F4 J2 290 o 5 - - - 383
Vo ’ - - )8 | 298 o 6 P43 L4 ulr | 386
/0 7 P17 F5 K5 299 o 5 - Ve RE 389
/0 7 P18 G2 K1 302 o 5 - - Vi 392
GND - P19 | GND* | GND* - o 6 - - = 305
Veco ! gocco | Veco o 6 P44 L3 Uz | 398
10 Ve 520 3 e 308 /0, VRer 6 P45 N1 T3 401
/0 P21 G4 K4 308 Veeo 6 ) Veco | Veco )
Bank 6* | Bank 6*
/0 - H2 L6 311 GND - - oD | oD -
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XC2S200 Device Pinouts

XC2S200 Device Pinouts (Continued)

XC2S200 Pad Name Bndry XC2S200 Pad Name Bndry
Function Bank | PQ208 | FG256 | FG456 | Scan Function Bank | PQ208 | FG256 | FG456 | Scan
GND - P1 GND* | GND* - Veco 7 - Veco | Veco -
™S - b2 D3 D3 - Bank 7* | Bank 7*
5 - o3 o i = /O, Vrer 7 P20 H3 K3 350
5 = - - ” 263 /0 7 P21 G4 K4 353
5 = - - o 266 110 7 - - K2 359
o = - 2 - 269 10 7 - H2 L6 362
oD - - oo | GNDY - 10 7 P22 G5 L1 365
TR RN S e SR .
/o ! - - B8 | 2 /0, IRDY® 7 P24 G1 L3 | 377
110 7 - - F4 281 ’
oD : - oo | onDr - GND - P25 | GND* | GND* -
/0 7 - E3 G5 284 Veco ! P26 B\;ﬁﬁ% B\;ﬁﬁ% )
e} 7 P5 D2 F3 287 Veeo 5 P26 | Veco | Veeo -
GND - - GND* | GND* - Bank 6* | Bank 6*
Veeo 7 - Veco | Veco - 1/0, TRDY() 6 P27 J2 M1 380
Bank 7* | Bank 7* Veent - P28 | Vcoint® | Veoint” -
/O, Vrer 7 P6 c1 E2 290 o 5 - - M6 389
Vo 7 P7 F3 Bl | 293 ) 6 P29 H1 M3 | 392
Vo ! - j G4 | 296 e 6 i 4 M4 | 395
Vo ! § y Gs | 299 e 6 i i N1 | 398
o ’ - E2 H5 302 1o 6 P30 i1 M5 | 404
GND - - GND* | GND* | - /O, Vrer 6 P31 J3 N2 | 407
110 7 P8 E4 F2 305 Veeo 5 - Veeo | Veeo -
/0 7 - - F1 308 Bank 6* | Bank 6*
/0, Vrer 7 P9 D1 H4 314 GND - P32 | GND* | GND* -
/0 7 P10 El G1 317 110 6 P33 K5 N3 410
GND - P11 | GND* | GND* - 10 6 P34 K2 N4 413
Veeo 7 P12 | Veco | Veco - 110 6 - - P1 416
Bank 7* | Bank 7* /10 6 _ _ N5 419
Veent - P13 | Veoint® | Veoint” - e 6 P35 K1 p2 422
110 7 P14 F2 H3 320 GND - - aND* | GND* -
/0 7 P15 G3 H2 323 7 5 - 3 b4 425
o) 7 - - Ja 326 o 5 - - 1 428
110 7 - - H1 329 o 5 - - - 131
Vo ’ - F1 J5 332 e 6 P36 L1 P3| 434
GND - - GND* | GND* | - 110 6 P37 L2 R2 | 437
Vo ! P16 F4 )2 335 Veent - P38 | Vcoint® | Veoint” -
/0 7 - - J3 338 Veco 5 P39 | Veco | Veco -
110 7 - - J1 341 Bank 6* | Bank 6*
110 7 P17 F5 K5 344 GND - P40 | GND* | GND* -
/0 7 P18 G2 K1 347 o) P41 K4 T1 440
GND - P19 | GND* | GND* - /O, Vrer P42 M1 R4 443
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