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Coarse Phase Shift Outputs of the DLL Component

In addition to CLKO for zero-phase alignment to the CLKIN signal, the DLL also provides the CLK90, CLK180 and CLK270
outputs for 90°, 180° and 270° phase-shifted signals, respectively. These signals are described in Table 16, page 33. Their
relative timing in the Low Frequency Mode is shown in Figure 22, page 37. The CLK90, CLK180 and CLK270 outputs are
not available when operating in the High Frequency mode. (See the description of the DLL_ FREQUENCY_MODE attribute
in Table 17, page 33.) For control in finer increments than 90°, see Phase Shifter (PS), page 39.

Basic Frequency Synthesis Outputs of the DLL Component

The DLL component provides basic options for frequency multiplication and division in addition to the more flexible synthesis
capability of the DFS component, described in a later section. These operations result in output clock signals with
frequencies that are either a fraction (for division) or a multiple (for multiplication) of the incoming clock frequency. The
CLK2X output produces an in-phase signal that is twice the frequency of CLKIN. The CLK2X180 output also doubles the
frequency, but is 180° out-of-phase with respect to CLKIN. The CLKDIV output generates a clock frequency that is a
predetermined fraction of the CLKIN frequency. The CLKDV_DIVIDE attribute determines the factor used to divide the
CLKIN frequency. The attribute can be set to various values as described in Table 17. The basic frequency synthesis outputs
are described in Table 16. Their relative timing in the Low Frequency Mode is shown in Figure 22.

The CLK2X and CLK2X180 outputs are not available when operating in the High Frequency mode. See the description of
the DLL_FREQUENCY_MODE attribute in Table 18.

Duty Cycle Correction of DLL Clock Outputs

The CLK2X(1), CLK2X180, and CLKDV(2) output signals ordinarily exhibit a 50% duty cycle—even if the incoming CLKIN
signal has a different duty cycle. A 50% duty cycle means that the High and Low times of each clock cycle are equal. The
DUTY_CYCLE_CORRECTION attribute determines whether or not duty cycle correction is applied to the CLKO, CLK90,
CLK180 and CLK270 outputs. If DUTY_CYCLE_CORRECTION is set to TRUE, then the duty cycle of these four outputs is
corrected to 50%. If DUTY_CYCLE_CORRECTION is set to FALSE, then these outputs exhibit the same duty cycle as the
CLKIN signal. Figure 22 compares the characteristics of the DLLs output signals to those of the CLKIN signal.

1. The CLK2X output generates a 25% duty cycle clock at the same frequency as the CLKIN signal until the DLL has achieved lock.

2. The duty cycle of the CLKDV outputs may differ somewhat from 50% (i.e., the signal will be High for less than 50% of the period) when the
CLKDV_DIVIDE attribute is set to a non-integer value and the DLL is operating in the High Frequency mode.
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The output frequency (fo kex) can be expressed as a function of the incoming clock frequency (fg kn) as follows:
foLkex = foLkin(CLKFX_MULTIPLY/CLKFX_DIVIDE) Equation 3
Regarding the two attributes, it is possible to assign any combination of integer values, provided that two conditions are met:

e The two values fall within their corresponding ranges, as specified in Table 18.

* The fg kpx frequency calculated from the above expression accords with the DCM’s operating frequency
specifications.

For example, if CLKFX_MULTIPLY = 5 and CLKFX_DIVIDE = 3, then the frequency of the output clock signal would be 5/3
that of the input clock signal.

DFS Frequency Modes

The DFS supports two operating modes, High Frequency and Low Frequency, with each specified over a different clock
frequency range. The DFS_FREQUENCY_MODE attribute chooses between the two modes. When the attribute is set to
LOW, the Low Frequency mode permits the two DFS outputs to operate over a low-to-moderate frequency range. When the
attribute is set to HIGH, the High Frequency mode allows both these outputs to operate at the highest possible frequencies.

DFS With or Without the DLL
The DFS component can be used with or without the DLL component:

Without the DLL, the DFS component multiplies or divides the CLKIN signal frequency according to the respective
CLKFX_MULTIPLY and CLKFX_DIVIDE values, generating a clock with the new target frequency on the CLKFX and
CLKFX180 outputs. Though classified as belonging to the DLL component, the CLKIN input is shared with the DFS
component. This case does not employ feedback loop; therefore, it cannot correct for clock distribution delay.

With the DLL, the DFS operates as described in the preceding case, only with the additional benefit of eliminating the clock
distribution delay. In this case, a feedback loop from the CLKO output to the CLKFB input must be present.

The DLL and DFS components work together to achieve this phase correction as follows: Given values for the
CLKFX_MULTIPLY and CLKFX_DIVIDE attributes, the DLL selects the delay element for which the output clock edge
coincides with the input clock edge whenever mathematically possible. For example, when CLKFX_MULTIPLY =5 and
CLKFX_DIVIDE = 3, the input and output clock edges will coincide every three input periods, which is equivalent in time to
five output periods.

Smaller CLKFX_MULTIPLY and CLKFX_DIVIDE values achieve faster lock times. With no factors common to the two
attributes, alignment will occur once with every number of cycles equal to the CLKFX_DIVIDE value. Therefore, it is
recommended that the user reduce these values by factoring wherever possible. For example, given CLKFX_MULTIPLY =9
and CLKFX_DIVIDE = 6, removing a factor of three yields CLKFX_MULTIPLY = 3 and CLKFX_DIVIDE = 2. While both
value-pairs will result in the multiplication of clock frequency by 3/2, the latter value-pair will enable the DLL to lock more
quickly.

Table 18: DFS Attributes

Attribute Description Values
DFS_FREQUENCY_MODE Chooses between High Frequency and Low Frequency modes Low, High
CLKFX_MULTIPLY Frequency multiplier constant Integer from 2 to 32
CLKFX_DIVIDE Frequency divisor constant Integer from 1 to 32

Table 19: DFS Signals
Signal Direction Description
Multiplies the CLKIN frequency by the attribute-value ratio (CLKFX_MULTIPLY/CLKFX_DIVIDE) to

CLKFX Output generate a clock signal with a new target frequency.
CLKFX180 Output Generates a clock signal with same frequency as CLKFX, only shifted 180° out-of-phase.
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Interconnect

Interconnect (or routing) passes signals among the various functional elements of Spartan-3 devices. There are four kinds
of interconnect: Long lines, Hex lines, Double lines, and Direct lines.

Long lines connect to one out of every six CLBs (see section [a] of Figure 25). Because of their low capacitance, these lines
are well-suited for carrying high-frequency signals with minimal loading effects (e.g. skew). If all eight Global Clock Inputs
are already committed and there remain additional clock signals to be assigned, Long lines serve as a good alternative.

Hex lines connect one out of every three CLBs (see section [b] of Figure 25). These lines fall between Long lines and Double
lines in terms of capability: Hex lines approach the high-frequency characteristics of Long lines at the same time, offering
greater connectivity.

Double lines connect to every other CLB (see section [c] of Figure 25). Compared to the types of lines already discussed,
Double lines provide a higher degree of flexibility when making connections.

Direct lines afford any CLB direct access to neighboring CLBs (see section [d] of Figure 25). These lines are most often used
to conduct a signal from a "source" CLB to a Double, Hex, or Long line and then from the longer interconnect back to a Direct
line accessing a "destination" CLB.

For more details, refer to the “Using Interconnect’ chapter in UG331.

CLB |eee| CLB CLB |eee| CLB CLB [eee| CLB CLB [eee| CLB CLB [eee| CLB

6 6 6 6 6

DS099-2_19_040103
(a) Long Lines

CLB CLB CLB CLB CLB CLB CLB

DS099-2_20_040103

(b) Hex Lines

CLB |-= CLB »| CLB

CLB |-+— CLB |—»| CLB

CLB > CLB CLB
Y ¢ Y

DS099-2_21_040103
(c) Double Lines CLB |-= CLB » CLB

DS099-2_22_040103

(d) Direct Lines
Figure 25: Types of Interconnect

DS099 (v3.0) October 29, 2012 www.xilinx.com
Product Specification 45


http://www.xilinx.com/support/documentation/user_guides/ug331.pdf
http://www.xilinx.com

PRODUCT NOT RECOMMENDED FOR NEW DESIGNS
& XILINX. Spartan-3 FPGA Family: Functional Description

(e.g. all configuration pins taken together) when operating in the User mode. This is accomplished by setting the Persist
option to Yes.

Multiple FPGAs can be configured using the Slave Parallel mode and can be made to start-up simultaneously. Figure 27
shows the device connections. To configure multiple devices in this way, wire the individual CCLK, Data, RDWR_B, and
BUSY pins of all the devices in parallel. The individual devices are loaded separately by deasserting the CS_B pin of each
device in turn and writing the appropriate data.

D[0:7]
CCLK
RDWR_B
BUSY
— —
Vcco Banks 4 & 5 _—I_ Vcco Banks 4 & 5 _—I_
Vccaux  Veeint Vccaux Vet
Spartan-3 Spartan-3
Slave Slave
D[0:7] D[0:7]
CCLK CCLK e
RDWR_B RDWR_B
BUSY BUSY
2.5V 2.5V
CS_B —| CS_B M1 5 CS_ B—=|CS B M1 5
M2 M2
Mo MO
»| PROG_B PROG_B
25V = L
DONE  INIT_B DONE  INIT_B
4.7KQ 4.7KQ SND GND
' T < s
DONE ‘ y
INIT_B
PROG_B DS099_24 041103

Notes:

1. There are two ways to use the DONE line. First, one may set the BitGen option DriveDone to "Yes" only for the last FPGA to be
configured in the chain shown above (or for the single FPGA as may be the case). This enables the DONE pin to drive High; thus,
no pull-up resistor is necessary. DriveDone is set to "No" for the remaining FPGAs in the chain. Second, DriveDone can be set to
"No" for all FPGAs. Then all DONE lines are open-drain and require the pull-up resistor shown in grey. In most cases, a value
between 3.3KQ to 4.7KQ is sufficient. However, when using DONE synchronously with a long chain of FPGAs, cumulative
capacitance may necessitate lower resistor values (e.g. down to 330€2) in order to ensure a rise time within one clock cycle.

2. If the FPGAs use different configuration data files, configure them in sequence by first asserting the CS_B of one FPGA then
asserting the CS_B of the other FPGA.

3. Forinformation on how to program the FPGA using 3.3V signals and power, see 3.3V-Tolerant Configuration Interface.

Figure 27: Connection Diagram for Slave Parallel Configuration
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Additional Configuration Details

Additional details about the Spartan-3 FPGA configuration architecture and command set are available in UG332: Spartan-3
Generation Configuration User Guide and in application note XAPP452: Spartan-3 Advanced Configuration Architecture.

Powering Spartan-3 FPGAs

Voltage Regulators

Various power supply manufacturers offer complete power solutions for Xilinx FPGAs, including some with integrated
multi-rail regulators specifically designed for Spartan-3 FPGAs. The Xilinx Power Corner web page provides links to vendor
solution guides as well as Xilinx power estimation and analysis tools.

Power Distribution System (PDS) Design and Bypass/Decoupling Capacitors

Good power distribution system (PDS) design is important for all FPGA designs, especially for high-performance
applications. Proper design results in better overall performance, lower clock and DCM jitter, and a generally more robust
system. Before designing the printed circuit board (PCB) for the FPGA design, review application note XAPP623: Power
Distribution System (PDS) Design: Using Bypass/Decoupling Capacitors.

Power-On Behavior

Spartan-3 FPGAs have a built-in Power-On Reset (POR) circuit that monitors the three power rails required to successfully
configure the FPGA. At power-up, the POR circuit holds the FPGA in a reset state until the VeoinT, Vocaux, @and Veco Bank
4 supplies reach their respective input threshold levels (see Table 29, page 59). After all three supplies reach their respective
threshold, the POR reset is released and the FPGA begins its configuration process.

Because the three supply inputs must be valid to release the POR reset and can be supplied in any order, there are no
specific voltage sequencing requirements. However, applying the FPGA’s Vcayx supply before the Vg iyt Supply uses the
least IgcynT current.

Once all three supplies are valid, the minimum current required to power-on the FPGA is equal to the worst-case quiescent
current, as specified in Table 34, page 62. Spartan-3 FPGAs do not require Power-On Surge (POS) current to successfully
configure.

Surplus ICClNT if vCClNT Applled before VCCAUX

If the VoinT supply is applied before the Vcaux supply, the FPGA may draw a surplus Iyt current in addition to the
lccinT Quiescent current levels specified in Table 34. The momentary additional IgnT Surplus current might be a few
hundred milliamperes under nominal conditions, significantly less than the instantaneous current consumed by the bypass
capacitors at power-on. However, the surplus current immediately disappears when the Vccaux Supply is applied, and, in
response, the FPGA’s IcnT quiescent current demand drops to the levels specified in Table 34. The FPGA does not use
nor does it require the surplus current to successfully power-on and configure. If applying Voot before Vecaux, ensure
that the regulator does not have a foldback feature that could inadvertently shut down in the presence of the surplus current.

Maximum Allowed Vccint Ramp Rate on Early Devices, if VyceontSupply is Last in Sequence

All devices with a mask revision code ‘E’ or later do not have a V¢ yt ramp rate requirement. See Mask and Fab Revisions,
page 58.

Early Spartan-3 FPGAs were produced at a 200 mm wafer production facility and are identified by a fabrication/process
code of "FQ" on the device top marking, as shown in Package Marking, page 5. These "FQ" devices have a maximum
VeeinT ramp rate requirement if and only if Vooyt is the last supply to ramp, after the Vocaux and Voo Bank 4 supplies.
This maximum ramp rate appears as T¢gnT in Table 30, page 60.

Minimum Allowed Vcco Ramp Rate on Early Devices

Devices shipped since 2006 essentially have no Vo ramp rate limits, shown in Table 30, page 60. Similarly, all devices
with a mask revision code ‘E’ or later do not have a Vo ramp rate limit. See Mask and Fab Revisions, page 58.
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Table 30: Power Voltage Ramp Time Requirements

Symbol Description Device Package Min Max Units
Tcco Vceo ramp time for all eight banks All All No limit(4) - N/A
TcenT Veeint ramp time, only if Voo n is last in All All No limit No limit(®) N/A
three-rail power-on sequence

Notes:

1. If alimit exists, this specification is based on characterization.

2. The ramp time is measured from 10% to 90% of the full nominal voltage swing for all I/O standards.
3. For information on power-on current needs, see Power-On Behavior, page 54
4

For mask revisions earlier than revision E (see Mask and Fab Revisions, page 58), Tgco min is limited to 2.0 ms for the XC3S200 and
XC3S400 devices in QFP packages, and limited to 0.6 ms for the XC3S200, XC3S400, XC3S1500, and XC3S4000 devices in the FT and
FG packages.

5. For earlier device versions with the FQ fabrication/process code (see Mask and Fab Revisions, page 58), Tooyt max is limited to 500 ps.

Table 31: Power Voltage Levels Necessary for Preserving RAM Contents

Symbol Description Min Units

VDRINT Vcent level required to retain RAM data 1.0 \Y

VbRAUX Vceaux level required to retain RAM data 2.0 Vv
Notes:

1.  RAM contents include data stored in CMOS configuration latches.
2. The level of the Vg supply has no effect on data retention.

3. If a brown-out condition occurs where Vocaux ©F VooinT drops below the retention voltage, then Vecayx o Voeoint must drop below the
minimum power-on reset voltage indicated in Table 29 in order to clear out the device configuration content.

Table 32: General Recommended Operating Conditions

Symbol Description Min Nom Max Units
T, Junction temperature Commercial 0 25 85 °C
Industrial —40 25 100 °C
Vceoint | Internal supply voltage 1.140 1.200 1.260 \"
Veco!" | Output driver supply voltage 1.140 - 3.465 v
Veoeoaux | Auxiliary supply voltage 2.375 2.500 2.625 \
AVccaux®@ | Voltage variance on VCCAUX when using a DCM - - 10 mV/ms
ViN® | Voltage applied to all User I/O pins and Voo = 3.3V, 10 -0.3 - 3.75 %
Dual-Purpose pins relative to GND(“)(6) Voco = 3.3V, 10_Lxxy() 03 o 375 v
Veco €25V, 10 -0.3 - Veco+0.3@ %
Veeo < 2.5V, 10_Lxxy(?) -0.3 - Vceeo+0.3@ \%
Voltage applied to all Dedicated pins relative to GND(5) -0.3 - Vecaux+0.30) | v

Notes:

1. The Vo range given here spans the lowest and highest operating voltages of all supported 1/O standards. The recommended Vo range
specific to each of the single-ended /O standards is given in Table 35, and that specific to the differential standards is given in Table 37.

2. Only during DCM operation is it recommended that the rate of change of Vgcayx not exceed 10 mV/ms.

Input voltages outside the recommended range are permissible provided that the | input diode clamp diode rating is met. Refer to Table 28.

4. Each of the User I/O and Dual-Purpose pins is associated with one of the V¢ rails. Meeting the V) limit ensures that the internal diode
junctions that exist between these pins and their associated Voo and GND rails do not turn on. The absolute maximum rating is provided
in Table 28.

5. All Dedicated pins (PROG_B, DONE, TCK, TDI, TDO, and TMS) draw power from the Vscaux rail (2.5V). Meeting the V| max limit ensures
that the internal diode junctions that exist between each of these pins and the Vccayx and GND rails do not turn on.

6. See XAPP459, Eliminating I/O Coupling Effects when Interfacing Large-Swing Single-Ended Signals to User I/O Pins on Spartan-3
Generation FPGAs.

7. For single-ended signals that are placed on a differential-capable 1/O, V,y of —0.2V to —0.3V is supported but can cause increased leakage
between the two pins. See the Parasitic Leakage section in UG331, Spartan-3 Generation FPGA User Guide.

w
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Table 41: System-Synchronous Pin-to-Pin Setup and Hold Times for the 0B Input Path

Speed Grade

Symbol Description Conditions Device -5 -4 Units
Min Min
Setup Times
TrspcMm When writing to the Input LVCMOS25(2), XC3S50 2.37 2.71 ns
Fip-rlop (7F) hetmeome. IOUOELA(RONE.  xossonp 210 23 |
the actiye transition ata Global XC3S400 2.15 2.36 ns
ﬁlgg{( IIDDtlaTa;- ?sep[:c?gl\r/lazg]euds.e. No XC381000 2.58 2.95 ns
XC3S1500 2.55 2.91 ns
XC3S2000 2.59 2.96 ns
XC3S4000 2.76 3.15 ns
XC3S5000 2.69 3.08 ns
Tpsep When writing to IFF, the time from LVCMOS25(2), XC3S50 3.00 3.46 ns
e seup o dta sl e oputin | \OBDELY > xcosa0 | 26 | oz | ns
_Global Clock pin. The DQM is not XC3S5400 2.50 2.87 ns
g‘ré‘sgrmig_‘p“t Delay is XC351000 3.50 4.03 ns
XC3S1500 3.78 4.35 ns
XC3S2000 4.98 5.73 ns
XC3S4000 5.25 6.05 ns
XC3S5000 5.37 6.18 ns
Hold Times
TpHDCM When writing to IFF; the time from | LVCMOS25(3), XC3S50 -0.45 -0.40 ns
b acive anlion at e Glotal | 10BDEPM " ONE xcos0 | o2 005 | s
must be held at the Input pin. The XC3S400 -0.12 -0.05 ns
Egg"r;;i;ggé' No Input Delay is XC351000 043 | -0.38 ns
XC3S1500 —-0.45 —-0.40 ns
XC3S2000 -0.47 -0.42 ns
XC3S4000 —-0.61 —-0.56 ns
XC3S5000 -0.62 -0.57 ns
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Table 46: Timing for the IOB Three-State Path

Speed Grade
Symbol Description Conditions Device -5 -4 Units
Max® | Max®
Synchronous Output Enable/Disable Times
TiockHz Time from the active transition at the LVCMOS25, 12 mA All 0.74 0.85 ns
OTCLK input of the Three-state Flip-Flop output drive, Fast slew
(TFF) to when the Output pin enters the rate
high-impedance state
Tiockon® Time from the active transition at TFF’s Al 0.72 0.82 ns
OTCLK input to when the Output pin drives
valid data
Asynchronous Output Enable/Disable Times
TaTs Time from asserting the Global Three State | LVCMOS25, 12 mA XC35200 7.71 8.87 ns
(GTS) net to when the Output pin enters the | output drive, Fast slew XC3S400
high-impedance state rate XC3S50 838 963 ns
XC3S51000
XC3S1500
XC352000
XC354000
XC3S5000
Set/Reset Times
Ti0SRHZ Time from asserting TFF’s SR input to when | LVCMOS25, 12 mA All 1.55 1.78 ns
the Output pin enters a high-impedance output drive, Fast slew
state rate
Tiosron® Time from asserting TFF’s SR input at TFF XC35200 2.24 2.57 ns
to when the Output pin drives valid data XC3S400
XC3S50 2.91 3.34 ns
XC3S1000
XC3S1500
XC352000
XC3S4000
XC3S5000

Notes:

1.  The numbers in this table are tested using the methodology presented in Table 48 and are based on the operating conditions set forth in

Table 32 and Table 35.

2. This time requires adjustment whenever a signal standard other than LVCMOS25 with 12 mA drive and Fast slew rate is assigned to the data

Output. When this is true, add the appropriate Output adjustment from Table 47.
3. For minimums, use the values reported by the Xilinx timing analyzer.

Table 47: Output Timing Adjustments for IOB

Add the Adjustment Below
Convert Output Tlmln:a J:gwir&‘g,%':gailzgtgggalﬁn(}g ISD_Ir:R/ﬁ ng I:I:)alst Slew Rate to the Speed Grade Units
-5 -4

Single-Ended Standards

GTL 0 0.02 ns
GTL_DCI 0.13 0.15 ns
GTLP 0.03 0.04 ns
GTLP_DCI 0.23 0.27 ns
HSLVDCI_15 1.51 1.74 ns
HSLVDCI_18 0.81 0.94 ns
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INIT_B ssssss\ / .o
(Open-Drain) \
r— TSMCSCC TSMCCCS 1
CS_B X0
(Input) T
sweew = | — Tsmwee
RDWR_B )
(Input)
TCCH
(Input/Output) _/
TSMDCC M — TSMCCD
(Inputs)
TSMCKBY'—\ | (—I TSMCKBY
BUSY High-Z Ve High-Z
(Output) \ BUSY —
DS099-3_05_041103
Figure 38: Waveforms for Master and Slave Parallel Configuration
Table 67: Timing for the Master and Slave Parallel Configuration Modes
L Slave/ All Speed Grades .
Symbol Description Units
y P Master Min Max
Clock-to-Output Times
TsmckBY The time from the rising transition on the CCLK pin to a signal transition at Slave = 12.0 ns
the BUSY pin
Setup Times
Tsmpce The time from the setup of data at the DO-D7 pins to the rising transition at Both 10.0 = ns
the CCLK pin
Tsmcsce The time from the setup of a logic level at the CS_B pin to the rising 10.0 = ns
transition at the CCLK pin
Tsmcew® The time from the setup of a logic level at the RDWR_B pin to the rising 10.0 = ns
transition at the CCLK pin
Hold Times
Tsmcep The time from the rising transition at the CCLK pin to the point when data Both 0 — ns
is last held at the DO-D7 pins
Tsmcees The time from the rising transition at the CCLK pin to the point when a logic 0 - ns
level is last held at the CS_B pin
Tsmwec® The time from the rising transition at the CCLK pin to the point when a logic 0 = ns
level is last held at the RDWR_B pin
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Differential Pair Labeling

A pin supports differential standards if the pin is labeled in the format “Lxxy_#”. The pin name suffix has the following
significance. Figure 40 provides a specific example showing a differential input to and a differential output from Bank 2.
e ‘Lindicates differential capability.

* "xx"is a two-digit integer, unique for each bank, that identifies a differential pin-pair.

* ‘yis replaced by ‘P’ for the true signal or ‘N’ for the inverted. These two pins form one differential pin-pair.

e ‘# is aninteger, 0 through 7, indicating the associated I/O bank.

If unused, these pins are in a high impedance state. The Bitstream generator option UnusedPin enables a pull-up or
pull-down resistor on all unused 1/O pins.

Behavior from Power-On through End of Configuration

During the configuration process, all pins that are not actively involved in the configuration process are in a high-impedance
state. The CONFIG- and JTAG-type pins have an internal pull-up resistor to VCCAUX during configuration. For all other I/O
pins, the HSWAP_EN input determines whether or not pull-up resistors are activated during configuration. HSWAP_EN = 0

enables the pull-up resistors. HSWAP_EN = 1 disables the pull-up resistors allowing the pins to float, which is the desired
state for hot-swap applications.

Bank 0 | Bank 1 Palf Number
~ P Bank Number
X ~ /
% Ci P itive Polarit
8 ositive Polarity,
° @ True Receiver
© ™ 10_ L3
< E 10_L3gN) 2
S S - sl
m 0 Negative Polarity,
Bank 5 Bank 4 Inverted Receiver
DS099-4_01_091710

Figure 40: Differential Pair Labelling
DUAL Type: Dual-Purpose Configuration and I/O Pins

These pins serve dual purposes. The user-I/O pins are temporarily borrowed during the configuration process to load
configuration data into the FPGA. After configuration, these pins are then usually available as a user I/O in the application.

If a pin is not applicable to the specific configuration mode—controlled by the mode select pins M2, M1, and MO—then the
pin behaves as an 1/O-type pin.

There are 12 dual-purpose configuration pins on every package, six of which are part of I/O Bank 4, the other six part of I/0
Bank 5. Only a few of the pins in Bank 4 are used in the Serial configuration modes.

See Pin Behavior During Configuration, page 122.
Serial Configuration Modes

This section describes the dual-purpose pins used during either Master or Slave Serial mode. See Table 75 for Mode Select
pin settings required for Serial modes. All such pins are in Bank 4 and powered by VCCO_4.

In both the Master and Slave Serial modes, DIN is the serial configuration data input. The D1-D7 inputs are unused in serial
mode and behave like general-purpose /O pins.

In all the cases, the configuration data is synchronized to the rising edge of the CCLK clock signal.

The DIN, DOUT, and INIT_B pins can be retained in the application to support reconfiguration by setting the Persist
bitstream generation option. However, the serial modes do not support device readback.
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JTAG Port
Data In Data Out %
@—» Mode Select
TCK Clock
DS099_4_04_020811

Figure 43: JTAG Port

IDCODE Register

Spartan-3 FPGAs contain a 32-bit identification register called the IDCODE register, as defined in the IEEE 1149.1 JTAG
standard. The fixed value electrically identifies the manufacture (Xilinx) and the type of device being addressed over a JTAG
chain. This register allows the JTAG host to identify the device being tested or programmed via JTAG. See Table 78.

Using JTAG Port After Configuration

The JTAG port is always active and available before, during, and after FPGA configuration. Add the BSCAN_SPARTAN3
primitive to the design to create user-defined JTAG instructions and JTAG chains to communicate with internal logic.

Furthermore, the contents of the User ID register within the JTAG port can be specified as a Bitstream Generation option.
By default, the 32-bit User ID register contains 0OxFFFFFFFF.

Table 78: Spartan-3 JTAG IDCODE Register Values (hexadecimal)

Part Number IDCODE Register
XC3S50 0x0140C093
XC3S200 0x01414093
XC3S400 0x0141C093
XC3S1000 0x01428093
XC3S1500 0x01434093
XC3S2000 0x01440093
XC3S4000 0x01448093
XC3S5000 0x01450093

Precautions When Using the JTAG Port in 3.3V Environments

The JTAG port is powered by the +2.5V VCCAUX power supply. When connecting to a 3.3V interface, the JTAG input pins
must be current-limited using a series resistor. Similarly, the TDO pin is a CMOS output powered from +2.5V. The TDO
output can directly drive a 3.3V input but with reduced noise immunity. See 3.3V-Tolerant Configuration Interface, page 47.
See also XAPP453: The 3.3V Configuration of Spartan-3 FPGAs for additional details.

The following interface precautions are recommended when connecting the JTAG port to a 3.3V interface.

* Avoid actively driving the JTAG input signals High with 3.3V signal levels. If required in the application, use series
current-limiting resistors to keep the current below 10 mA per pin.

e If possible, drive the FPGA JTAG inputs with drivers that can be placed in high-impedance (Hi-Z) after using the JTAG
port. Alternatively, drive the FPGA JTAG inputs with open-drain outputs, which only drive Low. In both cases, pull-up
resistors are required. The FPGA JTAG pins have pull-up resistors to VCCAUX before configuration and optional
pull-up resistors after configuration, controlled by Bitstream Options, page 125.
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Figure 44: VQ100 Package Footprint (Top View). Note pin 1 indicator in top-left corner and logo orientation.
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14 bank

1/0: Unrestricted, general-purpose user 1/0

DCI: User I/O or reference resistor input for

CONFIG: Dedicated configuration pins

N.C.: No unconnected pins in this package

12

DUAL: Configuration pin, then possible
user /0

GCLK: User I/O or global clock buffer
input

JTAG: Dedicated JTAG port pins

GND: Ground

7

VREF: User I/O or input voltage reference for

bank

. VCCO: Output voltage supply for bank

VCCINT: Internal core voltage supply (+1.2V)

4

VCCAUX: Auxiliary voltage supply (+2.5V)
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Figure 45: CP132 Package Footprint (Top View). Note pin 1 indicator in top-left corner and logo orientation.
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1/0: Unrestricted, general-purpose user 1/O

DCI: User I/O or reference resistor input for
bank

CONFIG: Dedicated configuration pins

N.C.: No unconnected pins in this package

12

DUAL: Configuration pin, then possible
user 1/0

GCLK: User I/O, input, or global buffer
input

JTAG: Dedicated JTAG port pins

iP8 GND: Ground

11

4

VREF: User I/O or input voltage reference for
bank

VCCO: Output voltage supply for bank
VCCINT: Internal core voltage supply (+1.2V)

VCCAUX: Auxiliary voltage supply (+2.5V)
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Table 93: PQ208 Package Pinout (Contd)

Bank Pin Name X Names | “Number | TYPe
7 I0_L21N_7 I0_L21N_7 P13 /0
7 I0_L21P_7 I0_L21P_7 P12 /0
7 I0_L22N_7 I0_L22N_7 P16 /0
7 I0_L22P_7 10_L22P_7 P15 /0
7 I0_L23N_7 |0_L23N_7 P19 e
7 I0_L23P_7 I0_L23P_7 P18 e
7 |0_L24N_7 |0_L24N_7 P21 /0
7 10_L24P_7 |0_L24P_7 P20 /0
7 N.C. (®) IO_L39N_7 P24 /0
7 N.C. (#) |O_L39P_7 P22 110
7 |0_L40N_7/VREF_7 |0_L40N_7/VREF_7 P27 VREF
7 |O_L40P_7 |O_L40P_7 P26 e
7 VCCO_7 VCCO_7 P6 VCCO
7 VCCO_7 VCCO_7 P23 VCCO

N/A | GND GND P1 GND
N/A | GND GND P186 GND
N/A | GND GND P195 GND
N/A | GND GND P202 GND
N/A | GND GND P163 GND
N/A | GND GND P170 GND
N/A | GND GND P179 GND
N/A | GND GND P134 GND
N/A | GND GND P145 GND
N/A | GND GND P151 GND
N/A | GND GND P157 GND
N/A | GND GND P112 GND
N/A | GND GND P118 GND
N/A  |GND GND P129 GND
N/A | GND GND P82 GND
N/A | GND GND P91 GND
N/A  |GND GND P99 GND
N/A | GND GND P105 GND
N/A | GND GND P53 GND
N/A  |GND GND P59 GND
N/A | GND GND P66 GND
N/A | GND GND P75 GND
N/A  |GND GND P30 GND
N/A | GND GND P41 GND
N/A | GND GND P47 GND
N/A  |GND GND P8 GND
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User I/Os by Bank

Table 97 indicates how the available user-I/O pins are distributed between the eight 1/0 banks on the FT256 package.
Table 97: User I/0s Per Bank in FT256 Package

All Possible 1/0 Pins by Type
Package Edge /0 Bank | Maximum I/O
/0 DUAL DCI VREF
0 20 13 0 2 3 2
Top
1 20 13 0 2 3 2
2 23 18 0 2 3 0
Right
3 23 18 0 2 3 0
4 21 8 6 2 3 2
Bottom
5 20 7 6 2 3 2
6 23 18 0 2 3 0
Left
7 23 18 0 2 3 0
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FT256 Footprint
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Figure 49: FT256 Package Footprint (Top View)
. : i DUAL: Configuration pin, then possible VREF: User I/O or input voltage reference
113 | I/O: Unrestricted, general-purpose user 1/0 | 12 user /O 24 for bank
16 l?a?nlk User I/O or reference resistor input for n GCLK: User I/O or global clock buffer input . VCCO: Output voltage supply for bank
7 | CONFIG: Dedicated configuration pins n JTAG: Dedicated JTAG port pins 21?02'\“,‘)7 + Internal core voltage supply
0 | N.C.: No unconnected pins in this package GND: Ground 8 x_%%li\/l)"x Auxiliary voltage supply
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Table 98: FG320 Package Pinout (Contd)

Bank XC3S5400, Xlgi?\sl] 22‘% XC3S1500 PinFﬁsrznober Type
N/A VCCINT N6 VCCINT
N/A VCCINT N7 VCCINT

VCCAUX | CCLK T15 CONFIG
VCCAUX | DONE R15 CONFIG
VCCAUX | HSWAP_EN E6 CONFIG
VCCAUX | MO P5 CONFIG
VCCAUX | M1 u3 CONFIG
VCCAUX | M2 R4 CONFIG
VCCAUX | PROG_B E5 CONFIG
VCCAUX | TCK E14 JTAG
VCCAUX | TDI D4 JTAG
VCCAUX | TDO D15 JTAG
VCCAUX | TMS B16 JTAG

User I/Os by Bank
Table 99 indicates how the available user-I/O pins are distributed between the eight 1/0 banks on the FG320 package.

Table 99: User I/0s Per Bank in FG320 Package

i P All Possible I/0 Pins by Type
Package Edge | 1/0 Bank Ma):;gum Ll\\l;g)gn;u_m v Iyp
airs /o DUAL DCI VREF
0 26 11 19 0 2 3 2
Top
1 26 11 19 0 2 3 2
2 29 14 23 0 2 4 0
Right
3 29 14 23 0 2 4 0
4 27 11 13 6 2 4 2
Bottom
5 26 11 13 6 2 3 2
6 29 14 23 0 2 4 0
Left
7 29 14 23 0 2 4 0
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Table 107: FG900 Package Pinout (Contd)

Bank PinName | PinName | Number = TVPe
2 VCCO_2 VCCO_2 J28 VCCO
2 VCCO_2 VCCO_2 N28 VCCO
3 10 10 AB25 I/O
3 IO_LOIN_3/VRP_3 I0_LO1N_3/VRP_3 AH30 DCI
3 IO_LO1P_3/VRN_3 I0_LO1P_3/VRN_3 AH29 DCI
3 IO_LO2N_3/VREF_3 I0_LO02N_3/VREF_3 AG28 VREF
3 I0_LO02P_3 10_L0O2P_3 AG27 I/0
3 IO_LO3N_3 I0_LO3N_3 AG30 I/0
3 IO_LO3P_3 I0_LO3P_3 AG29 I/O
3 IO_LO04N_3 10_LO4N_3 AF30 I/0
3 IO_L0O4P_3 I0_L04P_3 AF29 I/0
3 IO_LO5N_3 I0_LO5N_3 AE26 I/O
3 IO_LO5P_3 10_LO5P_3 AF27 I/0
3 IO_LO6N_3 I0_LO6N_3 AE29 I/0
3 IO_LO6P_3 I0_L06P_3 AE28 I/O
3 IO_LO7N_3 I0_LO7N_3 AD28 I/0
3 IO_LO7P_3 I0_LO7P_3 AD27 I/0
3 IO_LO8N_3 I0_LO8N_3 AD30 I/O
3 IO_L08P_3 10_L0O8P_3 AD29 I/0
3 IO_LO9N_3 I0_LO9N_3 AC24 I/0
3 IO_LO9P_3/VREF_3 I0_LO9P_3/VREF_3 AD25 VREF
3 IO_L10N_3 I0_L10N_3 AC26 I/0
3 IO_L10P_3 I0_L10P_3 AC25 I/0
3 IO_L11N_3 I0_L11N_3 AC28 I/O
3 I0_L11P_3 I0_L11P_3 AC27 I/0
3 IO_L13N_3/VREF_3 I0_L13N_3/VREF_3 AC30 VREF
3 IO_L13P_3 I0_L13P_3 AC29 I/O
3 IO_L14N_3 10_L14N_3 AB27 I/0
3 IO_L14P_3 I0_L14P_3 AB26 I/0
3 IO_L15N_3 I0_L15N_3 AB30 I/O
3 IO_L15P_3 I0_L15P_3 AB29 I/0
3 IO_L16N_3 I0_L16N_3 AA22 I/0
3 IO_L16P_3 I0_L16P_3 AB23 I/O
3 IO_L17N_3 I0_L17N_3 AA25 I/0
3 I0_L17P_3/VREF_3 10_L17P_3/VREF_3 AA24 VREF
3 IO_L19N_3 I0_L19N_3 AA29 I/O
3 I0O_L19P_3 I0_L19P_3 AA28 I/0
3 IO_L20N_3 I0_L20N_3 Y21 I/0
3 IO_L20P_3 I0_L20P_3 AA21 I/O
3 IO_L21N_3 I0_L21N_3 Y24 I/0
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Table 107: FG900 Package Pinout (Contd)

Bank | pioName | Pinkame . | Number | TP
N/A GND GND K30 GND
N/A GND GND P30 GND
N/A GND GND u3o0 GND
N/A GND GND AA30 GND
N/A GND GND AE30 GND
N/A GND GND AJ30 GND
N/A GND GND AK30 GND
N/A GND GND AK2 GND
N/A VCCAUX VCCAUX F4 VCCAUX
N/A VCCAUX VCCAUX K4 VCCAUX
N/A VCCAUX VCCAUX P4 VCCAUX
N/A VCCAUX VCCAUX u4 VCCAUX
N/A VCCAUX VCCAUX AA4 VCCAUX
N/A VCCAUX VCCAUX AE4 VCCAUX
N/A VCCAUX VCCAUX D6 VCCAUX
N/A VCCAUX VCCAUX AG6 VCCAUX
N/A VCCAUX VCCAUX D10 VCCAUX
N/A VCCAUX VCCAUX AG10 VCCAUX
N/A VCCAUX VCCAUX D14 VCCAUX
N/A VCCAUX VCCAUX AG14 VCCAUX
N/A VCCAUX VCCAUX D17 VCCAUX
N/A VCCAUX VCCAUX AG17 VCCAUX
N/A VCCAUX VCCAUX D21 VCCAUX
N/A VCCAUX VCCAUX AG21 VCCAUX
N/A VCCAUX VCCAUX D25 VCCAUX
N/A VCCAUX VCCAUX AG25 VCCAUX
N/A VCCAUX VCCAUX F27 VCCAUX
N/A VCCAUX VCCAUX K27 VCCAUX
N/A VCCAUX VCCAUX P27 VCCAUX
N/A VCCAUX VCCAUX ua27 VCCAUX
N/A VCCAUX VCCAUX AA27 VCCAUX
N/A VCCAUX VCCAUX AE27 VCCAUX
N/A VCCINT VCCINT L11 VCCINT
N/A VCCINT VCCINT R11 VCCINT
N/A VCCINT VCCINT T11 VCCINT
N/A VCCINT VCCINT Y11 VCCINT
N/A VCCINT VCCINT M12 VCCINT
N/A VCCINT VCCINT N12 VCCINT
N/A VCCINT VCCINT P12 VCCINT
N/A VCCINT VCCINT ui2 VCCINT
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FG1156: 1156-lead Fine-pitch Ball Grid Array

Note: The FG(G)1156 package is discontinued. See
http://www.xilinx.com/support/documentation/spartan-3_customer_notices.htm.

The 1,156-lead fine-pitch ball grid array package, FG1156, supports two different Spartan-3 devices, namely the XC3S4000
and the XC3S5000. The XC3S4000, however, has fewer I/O pins, which consequently results in 73 unconnected pins on the
FG1156 package, labeled as “N.C.” In Table 110 and Figure 53, these unconnected pins are indicated with a black diamond
symbol ().

The XC3S5000 has a single unconnected package pin, ball AK31, which is also unconnected for the XC3S4000.

All the package pins appear in Table 110 and are sorted by bank number, then by pin name. Pairs of pins that form a
differential 1/0 pair appear together in the table. The table also shows the pin number for each pin and the pin type, as
defined earlier.

On ball L29 in I/0 Bank 2, the unconnected pin on the XC3S4000 maps to a VREF-type pin on the XC3S5000. If the other
VREF_2 pins all connect to a voltage reference to support a special I/0 standard, then also connect the N.C. pin on the
XC3S4000 to the same VREF_2 voltage.

Pinout Table
Table 110: FG1156 Package Pinout

Bank PirName Pir Name Pin Number | TP
0 10 10 B9 e
0 10 10 E17 /0
0 10 10 F6 /0
0 10 10 F8 /0
0 10 10 G12 /0
0 10 10 H8 /0
0 10 10 H9 /0
0 10 10 J11 /0
0 N.C. (#) 10 J9 /0
0 N.C. (®) 10 K11 /0
0 10 10 K13 /0
0 10 10 K16 /0
0 10 10 K17 /0
0 10 10 L13 /0
0 10 10 L16 /0
0 10 10 L17 /0
0 IO/VREF_0 IO/VREF_0 D5 VREF
0 IO/VREF_0 IO/VREF_0 E10 VREF
0 IO/VREF_0 IO/VREF_0 J14 VREF
0 IO/VREF_0 IO/VREF_0 L15 VREF
0 I0_LOIN_O/VRP_0 10_LO1N_O/VRP_0 B3 DCI
0 10_LO1P_0/VRN_0 10_LO1P_0/VRN_0 A3 DCI
0 I0_L02N_0 |0_L02N_0 B4 /0
0 |0_LO2P_0 |0_L02P_0 A4 /0
0 IO_LO3N_0 I0_LO3N_0 C5 /0
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