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Table 1: Absolute Maximum Ratings(!) (Cont’d)

Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Symbol Description Min Max Units

170 input voltage. —0.4 | Vgeo + 0.55 \Y

Vin@®® /0 input voltage (when Veco = 3.3V) for Viee and differential 1/0 0.4 2 625 v
standards except TMDS_33.(9)

VCeBATT Key memory battery backup supply. -0.5 2.0 \%

XADC

Vceapc XADC supply relative to GNDADC. —-0.5 2.0 \Y,

VREFP XADC reference input relative to GNDADC. —0.5 2.0 \Y,

Temperature

Tsta Storage temperature (ambient). —65 150 °C

TeoL Maximum soldering temperature for Pb/Sn component bodies. () - +220 °C
Maximum soldering temperature for Pb-free component bodies.(®) - +260 °C

T; Maximum junction temperature.(6) - +125 °C

Notes:

1. Stresses beyond those listed under Absolute Maximum Ratings might cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions beyond those listed under Operating Conditions is not implied.

Exposure to Absolute Maximum Ratings conditions for extended periods of time might affect device reliability.
The lower absolute voltage specification always applies.

For I/O operation, refer to the 7 Series FPGAs Select/O Resources User Guide (UG471) [Ref 3].
The maximum limit applies to DC signals. For maximum undershoot and overshoot AC specifications, see Table 4.
See Table 9 for TMDS_33 specifications.
For soldering guidelines and thermal considerations, see the 7 Series FPGA Packaging and Pinout Specification (UG475) [Ref 4].
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Table 5: Typical Quiescent Supply Current(1)(2)3) (Cont’d)

Speed Grade
Symbol Description Device 1.0v 0.95V | Units
-2C -21 -1C -1l -1Q -1LI
XC7S6 1 1 1 1 1 1 mA
XC7S15 1 1 1 1 1 1 mA
XC7S25 1 1 1 1 1 1 mA
XC7S50 2 2 2 2 2 1 mA
XC7S75 9 9 9 9 9 8 mA
] XC7S100 9 9 9 9 9 8 mA
lcceramg | Quiescent Vecgram SUPPlY current. XA7SE N/A 1 N/A 1 1 N/A A
XA7S15 N/A 1 N/A 1 1 N/A mA
XA7S25 N/A 1 N/A 1 1 N/A mA
XA7S50 N/A 2 N/A 2 2 N/A mA
XA7S75 N/A 9 N/A 9 9 N/A mA
XA7S100 N/A 9 N/A 9 9 N/A mA

Notes:
1. Typical values are specified at nominal voltage, 85°C junction temperature (Tj) with single-ended SelectlO™ resources.

2. Typical values are for blank configured devices with no output current loads, no active input pull-up resistors, all I/O pins are 3-state and
floating.
3. Use the Xilinx Power Estimator spreadsheet tool [Ref 6] to estimate static power consumption for conditions other than those specified.

Power-On/Off Power Supply Sequencing

The recommended power-on sequence is Vcceint: Vecsram: Vecaux: @and Veco to achieve minimum current
draw and ensure that the I/Os are 3-stated at power-on. The recommended power-off sequence is the

reverse of the power-on sequence. If Vccint and Vecgram have the same recommended voltage levels then
both can be powered by the same supply and ramped simultaneously. If Vccayx and Vcco have the same
recommended voltage levels then both can be powered by the same supply and ramped simultaneously.

For Vcco voltages of 3.3V in HR I/O banks and configuration bank 0 the following conditions apply.

e The voltage difference between Vccg and Vcayx must not exceed 2.625V for longer than
Tvccoavccaux for each power-on/off cycle to maintain device reliability levels.

e The Tyccoavccaux time can be allocated in any percentage between the power-on and power-off
ramps.

There is no recommended sequence for supplies not discussed in this section.
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AC Switching Characteristics

All values represented in this data sheet are based on the speed specifications from the Vivado® Design
Suite as outlined in Table 12.

Table 12: Speed Specification Version By Device
2018.2.1 Device

1.23 XC7S6, XC7S15, XC7S25, XC7S50, XC7S75, XC7S100
1.16 XA7S6, XA7S15, XA7S25, XA7S50, XA7S75, XA75100

Switching characteristics are specified on a per-speed-grade basis and can be designated as Advance,
Preliminary, or Production. Each designation is defined as follows.

Advance Product Specification

These specifications are based on simulations only and are typically available soon after device design
specifications are frozen. Although speed grades with this designation are considered relatively stable and
conservative, some under-reporting might still occur.

Preliminary Product Specification

These specifications are based on complete ES (engineering sample) silicon characterization. Devices and
speed grades with this designation are intended to give a better indication of the expected performance
of production silicon. The probability of under-reporting delays is greatly reduced as compared to
Advance data.

Production Product Specification

These specifications are released once enough production silicon of a particular device family member has
been characterized to provide full correlation between specifications and devices over numerous
production lots. There is no under-reporting of delays, and customers receive formal notification of any
subsequent changes. Typically, the slowest speed grades transition to Production before faster speed
grades.

Testing of AC Switching Characteristics

Internal timing parameters are derived from measuring internal test patterns. All AC switching
characteristics are representative of worst-case supply voltage and junction temperature conditions.

For more specific, more precise, and worst-case guaranteed data, use the values reported by the static
timing analyzer and back-annotate to the simulation net list. Unless otherwise noted, values apply to all
Spartan-7 FPGAs.
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Table 17: 10B High Range (HR) Switching Characteristics (Cont’d)

Tiopi Tioop Tiotp
/O Standard Vcant Operating Voltage and Speed Grade Units
1.0V 0.95Vv 1.0v 0.95V 1.0V 0.95V
-2 -1 -1L -2 -1 -1L -2 -1 -1L
LVCMOS15_F8 0.86 0.93 0.93 1.72 1.98 1.98 1.75 1.99 1.99 ns
LVCMOS15 F12 0.86 0.93 0.93 1.47 1.73 1.73 1.50 1.74 1.74 ns
LVCMOS15_Fi16 0.86 0.93 0.93 1.46 1.71 1.71 1.49 1.73 1.73 ns
LVCMOS12_S4 0.95 1.02 1.02 2.69 2.95 2.95 2.72 2.96 2.96 ns
LVCMOS12_S8 0.95 1.02 1.02 2.21 2.46 2.46 2.24 2.48 2.48 ns
LVCMOS12 S12 0.95 1.02 1.02 1.91 2.17 2.17 1.94 2.18 2.18 ns
LVCMOS12_F4 0.95 1.02 1.02 2.10 2.35 2.35 2.13 2.37 2.37 ns
LVCMOS12_F8 0.95 1.02 1.02 1.66 1.92 1.92 1.69 1.93 1.93 ns
LVCMOS12_F12 0.95 1.02 1.02 1.51 1.76 1.76 1.54 1.77 1.77 ns
SSTL135 S 0.75 0.82 0.82 1.47 1.73 1.73 1.50 1.74 1.74 ns
SSTL15_S 0.68 0.75 0.75 1.43 1.68 1.68 1.46 1.69 1.69 ns
SSTL18 I_S 0.75 0.82 0.82 1.79 2.04 2.04 1.82 2.06 2.06 ns
SSTL18_II_S 0.75 0.82 0.82 1.43 1.68 1.68 1.46 1.70 1.70 ns
DIFF_SSTL135_ S 0.76 0.83 0.83 1.47 1.73 1.73 1.50 1.74 1.74 ns
DIFF_SSTL15_S 0.76 0.83 0.83 1.43 1.68 1.68 1.46 1.69 1.69 ns
DIFF_SSTL18 I_S 0.79 0.86 0.86 1.80 2.06 2.06 1.83 2.07 2.07 ns
DIFF_SSTL18 II_S 0.79 0.86 0.86 1.51 1.76 1.76 1.54 1.77 1.77 ns
SSTL135 F 0.75 0.82 0.82 1.24 1.49 1.49 1.27 1.51 1.51 ns
SSTL15 F 0.68 0.75 0.75 1.19 1.45 1.45 1.22 1.46 1.46 ns
SSTL18 |_F 0.75 0.82 0.82 1.24 1.49 1.49 1.27 1.51 1.51 ns
SSTL18 Il_F 0.75 0.82 0.82 1.24 1.49 1.49 1.27 1.51 1.51 ns
DIFF_SSTL135 F 0.76 0.83 0.83 1.24 1.49 1.49 1.27 1.51 1.51 ns
DIFF_SSTL15 F 0.76 0.83 0.83 1.19 1.45 1.45 1.22 1.46 1.46 ns
DIFF_SSTL18 |I_F 0.79 0.86 0.86 1.35 1.60 1.60 1.38 1.62 1.62 ns
DIFF_SSTL18_II_F 0.79 0.86 0.86 1.33 1.59 1.59 1.36 1.60 1.60 ns

Table 18 specifies the values of TigtpHz @and TioRUFDISABLE- T10TPHZ 1S described as the delay from the T pin
to the IOB pad through the output buffer of an IOB pad, when 3-state is enabled (i.e., a high impedance
state). TiourpisasLE 1S described as the IOB delay from IBUFDISABLE to O output. In HR I/O banks, the
internal IN_TERM termination turn-off time is always faster than T;gtpyz Wwhen the INTERMDISABLE pin is

used.
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Output Delay Measurements

Output delays are measured with short output traces. Standard termination was used for all testing. The
propagation delay of the trace is characterized separately and subtracted from the final measurement, and
is therefore not included in the generalized test setups shown in Figure 1 and Figure 2.

VREF
Output Rrer

Vueas (voltage level when taking delay measurement)

— Crer (probe capacitance)

X16654-092616

Figure 1: Single-ended Test Setup

Py T*.
—— Crer Rrer  VMeas

.. '

X16640-092616

Output

Figure 2: Differential Test Setup

Parameters Vrer, Rrers Crer @and Vieas fully describe the test conditions for each I/0O standard. The most
accurate prediction of propagation delay in any given application can be obtained through IBIS
simulation, using this method:

1. Simulate the output driver of choice into the generalized test setup using values from Table 20.

2. Record the time to Vpgas.

3. Simulate the output driver of choice into the actual PCB trace and load using the appropriate IBIS
model or capacitance value to represent the load.

4. Record the time to Vygas-

5. Compare the results of step 2 and step 4. The increase or decrease in delay yields the actual
propagation delay of the PCB trace.
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Table 20: Output Delay Measurement Methodology

- . R SRY v

Description 1/0 Standard Attribute (55)': C?;;) 'z"vE)AS ({‘IE)F
LVCMOS, 1.2V LVCMOS12 iM 0 0.6 0
LVCMOS, 1.5V LVCMOS15 1M 0 0.75 (0]
LVCMOS, 1.8V LVCMOS18 1M 0 0.9 0]
LVCMOS, 2.5V LVCMOS25 1M 0 1.25 0]
LVCMOS, 3.3V LVCMOS33 1M 0 1.65 0
LVTTL, 3.3V LVTTL 1M (0] 1.65 0
PCI33, 3.3V PCI33_3 25 10 1.65 0
HSTL (high-speed transceiver logic), Class I, 1.2V | HSTL_1_12 50 0 VREE 0.6
HSTL, Class I, 1.5V HSTL_I 50 0 Vger | 0.75
HSTL, Class I, 1.5V HSTL_II 25 0 Vger | 0.75
HSTL, Class I, 1.8V HSTL_1_18 50 0 Vree | 0.9
HSTL, Class |1, 1.8V HSTL_I1_18 25 0 VREE 0.9
HSUL (high-speed unterminated logic), 1.2V HSUL_12 50 0 VRer 0.6
SSTL12, 1.2V SSTL12 50 0 Vree | 0.6
SSTL135/SSTL135_R, 1.35V SSTL135, SSTL135_R 50 0 Vgee | 0.675
SSTL15/SSTL15_R, 1.5V SSTL15, SSTL15 R 50 0 Vgee | 0.75
(S:ETS'; fsgug[jses”fﬁ tle_gcmawd logic), SSTL18 I, SSTL18 I 50 0 | Vpgr | 0.9
DIFF_MOBILE_DDR, 1.8V DIFF_MOBILE_DDR 50 0 VREE 0.9
DIFF_HSTL, Class I, 1.2V DIFF_HSTL_I_12 50 0 Vger | 0.6
DIFF_HSTL, Class | & 11, 1.5V DIFF_HSTL_I, DIFF_HSTL_II 50 0] Vgee | 0.75
DIFF_HSTL, Class | & I, 1.8V DIFF_HSTL_1_18, 50 0 Vree | 0.9

DIFF_HSTL_Il_18
DIFF_HSUL_12, 1.2V DIFF_HSUL_12 50 0 | Vrer | 0.6
DIFF_SSTL135,

DIFF_SSTL135/DIFF_SSTL135_R, 1.35V DIFF_SSTL135, R 50 0 Vger | 0.675
DIFF_SSTL15/DIFF_SSTL15 R, 1.5V DIFF_SSTL15, DIFF_SSTL15 R| 50 0 Vgee | 0.75
DIFF_SSTL18, Class | & 11, 1.8V B:EE:EZP&?::I 50 0 Vrer | 0.9
LVDS, 2.5V LVDS_25 100 0 0@ 0
BLVDS (Bus LVDS), 2.5V BLVDS_25 100 0 0@ 0
Mini LVDS, 2.5V MINI_LVDS 25 100 0 o® 0
PPDS_25 PPDS_25 100 0 0@ 0
RSDS_25 RSDS_25 100 0 (0] 0
TMDS_33 TMDS_33 50 0 o® | 3.3

Notes:

1. Cggris the capacitance of the probe, nominally O pF.
2. The value given is the differential output voltage.
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Output Serializer/Deserializer Switching Characteristics

Table 24: OSERDES Switching Characteristics

Vcant Operating Voltage and Speed
Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L

Setup/Hold
Tospck o/ input setup/hold with respect to CLKDIV. 0.45/0.03 | 0.63/0.03 | 0.63/0.03 | ns
Tosckp b
Tospck 1/ |1 input setup/hold with respect to CLK. 0.73/-0.13|0.88/-0.13 | 0.88/-0.13| ns
Tosckp_ T
T . .

ospek 12/ | 7 input setup/hold with respect to CLKDIV. 0.34/-0.13 | 0.39/-0.13 | 0.39/-0.13 | ns
Tosckp_T2
T / . )

OSCCK_OCE™ | OCE input setup/hold with respect to CLK. 0.34/0.58 | 0.51/0.58 | 0.51/0.58 | ns
Tosckc_oce
Toscek_s SR (reset) input setup with respect to CLKDIV. 0.52 0.85 0.85 ns
Toscek_tee/ | 1 input setup/hold with respect to CLK. 0.34/0.01 | 0.51/0.01 | 0.51/0.01 | ns
Toscke_Tce
Sequential Delays
Toscko_oq | Clock to out from CLK to OQ. 0.42 0.48 0.48 ns
TOSCKO_TQ Clock to out from CLK to TQ. 0.49 0.56 0.56 ns
Combinatorial
Tospo TTQ | T input to TQ out. 0.92 1.11 1.11 ns
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Input/Output Delay Switching Characteristics

Table 25: Input/Output Delay Switching Characteristics

Vcant Operating Voltage and
Speed Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
IDELAYCTRL
TbLycco RpDY Reset to ready for IDELAYCTRL. 3.67 3.67 3.67 Hs
Attribute REFCLK frequency = 200.00.(1) 200.00 200.00 200.00 MHz
F|DELAYCTRL_REF Attribute REFCLK frequency = 30000(1) 300.00 300.00 300.00 MHz
Attribute REFCLK frequency = 400.00.(1) 400.00 N/A N/A MHz
IDELAYCTRL_REF L.
— — + + +
PRECISION REFCLK precision +10 +10 +10 MHz
TlDELAYCTRL_RPW Minimum reset pulse width. 59.28 59.28 59.28 ns
IDELAY
TlDELAYRESOLUTK)N IDELAY chain delay resolution. 1/(32 X 2 X FREF) Us
Pattern dependent period jitter in delay chain for ps
2) 0 0 0
clock pattern.( per tap
T Pattern dependent period jitter in delay chain for +5 45 45 ps
IDELAYPAT_JIT random data pattern (PRBS 23).(® - - - per tap
Pattern dependent period jitter in delay chain for +9 +9 +9 ps
random data pattern (PRBS 23).(4 per tap
TIDELAY_CLK_MAX Maximum frequency of CLK input to IDELAY. 680.00 600.00 600.00 MHz
T . .
incek_ce / CE pin setup/hold with respect to C for IDELAY. | 0.16/0.13|0.21/0.16|0.21/0.16 | ns
Tibcke_ce
Tipcek_inc/ INC pin setup/hold with respect to C for IDELAY. | 0.14/0.18 | 0.16/0.22|0.16/0.22 ns
Tibcke_Ine
Tipcek_rst/ RST pin setup/hold with respect to C for IDELAY. |0.16/0.11|0.18/0.14 | 0.18/0.14 ns
Tipcke_RsT
TiDDO_IDATAIN Propagation delay through IDELAY. Note 5 Note 5 Note 5 ps
Notes:
1. Average tap delay at 200 MHz = 78 ps, at 300 MHz = 52 ps, and at 400 MHz = 39 ps.
2. When HIGH_PERFORMANCE mode is set to TRUE or FALSE.
3. When HIGH_PERFORMANCE mode is set to TRUE.
4.  When HIGH_PERFORMANCE mode is set to FALSE.
5. Delay depends on IDELAY tap setting. See the timing report for actual values.

DS189 (v1.7) July 31, 2018 www.xilinx.com I Send Feedback I
Product Specification 28



http://www.xilinx.com
https://www.xilinx.com/about/feedback.html?docType=Data_Sheets&docId=DS189&Title=Spartan-7%20FPGAs%20Data%20Sheet%3A%20DC%20and%20AC%20Switching%20Characteristics&releaseVersion=1.7&docPage=28

& XILINX.

Table 30: Block RAM and

Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

FIFO Switching Characteristics (Cont’d)

Vcant Operating Voltage and Speed

Grade
Symbol Description Units
Y P 1.0V 0.95V
-2 -1 -1L

F When in cascade RF mode and there is a

MAX_CAS_RF_ possibility of address overlap between 362.19 297.35 297.35 MHz
DELAYED_WRITE port A and port B.
Fmax_FIFo FIFO in all modes without ECC. 460.83 388.20 388.20 MHz

Block RAM and FIFO in ECC
Fmax Ecc . . 365.10 297.53 297.53 MHz
— configuration.

Notes:
1. Treko_por includes Treko pow: Treko popr: @nd Treko popw as well as the B port equivalent timing parameters.
2. These parameters also apply to synchronous FIFO with DO_REG = 0.
3. Treko_po includes Trexo pop as well as the B port equivalent timing parameters.
4. These parameters also apply to multi-rate (asynchronous) and synchronous FIFO with DO_REG = 1.
5. Treko_fLags includes the following parameters: Trcko_aempTy: TRCKO_AFULL TRCKO_EMPTY: TRCKO_FULL: TRCKO_RDERR: TRCKO_WRERR:
6. Trcko_poinTeRs includes both Teeko rocount @nd Trcko WRCOUNT-
7. The ADDR setup and hold must be met when EN is asserted (even when WE is deasserted). Otherwise, block RAM data corruption is possible.
8. These parameters include both A and B inputs as well as the parity inputs of A and B.
9. Treo fLacs includes the following flags: AEMPTY, AFULL, EMPTY, FULL, RDERR, WRERR, RDCOUNT, and WRCOUNT.

a
©

slowest clock (WRCLK or RDCLK).
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Clock Buffers and Networks

Table 32: Global Clock Switching Characteristics (Including BUFGCTRL)

Vcant Operating Voltage and
Speed Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Taccek_ce/Teceke ce® | CE pins setup/hold. 0.13/0.40|0.16/0.41|0.16/0.41| ns
Teccek_s/ Teecke s | S pins setup/hold. 0.13/0.40 | 0.16/0.41|0.16/0.41| ns
Teccko 0 BUFGCTRL delay from 10/11 to O. 0.09 0.10 0.10 ns
Maximum Frequency
FMAX_BUFG Global clock tree (BUFG). 628.00 464.00 464.00 MHz
Notes:

1. Tgccck ce and Tgecke ce must be satisfied to assure glitch-free operation of the global clock when switching between clocks. These
parameters do not apply to the BUFGMUX primitive that assures glitch-free operation. The other global clock setup and hold times are
optional; only needing to be satisfied if device operation requires simulation matches on a cycle-for-cycle basis when switching between

clocks.
2. Tggcko_ o (BUFG delay from IO to O) values are the same as Tgccko o values.

Table 33: Input/Output Clock Switching Characteristics (BUFIO)

Vceint Operating Voltage and
Speed Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Teiocko_o Clock to out delay from | to O. 1.26 1.54 1.54 ns
Maximum Frequency
FMAX_BUFIO 1/0 clock tree (BUFIO). ‘ 680.00 600.00 600.00 MHz
Table 34: Regional Clock Buffer Switching Characteristics (BUFR)
Vccaint Operating Voltage and
Speed Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Tercko 0 Clock to out delay from I to O. 0.76 0.99 0.99 ns
TeRCKO O BYP gtl(t),ilgutfe(;l;_delay from | to O with Divide Bypass 0.39 0.52 0.52 ns
TerDO O Propagation delay from CLR to O. 0.85 1.09 1.09 ns
Maximum Frequency
Fuax_surr® Regional clock tree (BUFR). 375.00 315.00 315.00 MHz
Notes:

1. The maximum input frequency to the BUFR is the BUFIO Fyax frequency.
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MMCM Switching Characteristics

Table 37: MMCM Specification

Vcant Operating Voltage and Speed

Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
MMCM_F;nmax Maximum input clock frequency. 800.00 800.00 800.00 MHz
MMCM_F\nmiN Minimum input clock frequency. 10.00 10.00 10.00 MHz

MMCM_FngiTTER

Maximum input clock period jitter.

< 20% of clock input period or 1 ns Max

Allowable input duty cycle: 10—49 MHz. 25 25 25 %
Allowable input duty cycle: 50—199 30 30 30 %
MHz.
MMCM_Fynputy erzv?/able input duty cycle: 200—399 35 35 35 %
Allowable input duty cycle: 400—499 40 40 40 %
MHz.
Allowable input duty cycle: > 500 MHz. 45 45 45 %
MMCM_Fyin_pscLk ?fg;'[;‘;r:yéy”am'c phase-shift clock 0.01 0.01 0.01 MHz
MMCM_Fyiax_pscLk 'f\f:;(:J"e‘r‘:g.dy”am'c phase-shift clock 500.00 | 450.00 | 450.00 MHz
MMCM_Fycomin Minimum MMCM VCO frequency. 600.00 600.00 600.00 MHz
MMCM_Fycomax Maximum MMCM VCO frequency. 1440.00 1200.00 1200.00 MHz
MMCM F Low MMCM bandwidth at typical.(1) 1.00 1.00 1.00 MHz
— BANDWIDTH High MMCM bandwidth at typical.(®) 4.00 4.00 4.00 MHz
Static phase offset of the MMCM
MMCM_TsTATPHAOFESET outputs. 0.12 0.12 0.12 ns
MMCM_TOUTJlTTER MMCM output jlttel’ Note 3
MMCM output clock duty-cycle
MMCM_ToutpuTy precision. ) 0.20 0.20 0.20 ns
MMCM_T| ockMAX MMCM maximum lock time. 100.00 100.00 100.00 Ms
MMCM_Foutmax MMCM maximum output frequency. 800.00 800.00 800.00 MHz
MMCM_Foutmin MMCM minimum output frequency.(®)(6) 4.69 4.69 4.69 MHz

MMCM_TexTtrDVAR

External clock feedback variation.

< 20% of clock input period or 1 ns Max

MMCM_RSTpminPULSE Minimum reset pulse width. 5.00 5.00 5.00 ns
Maximum frequency at the phase

MMCM_FPFDMAX frequency detector. 500.00 450.00 450.00 MHz
Minimum frequency at the phase

MMCM_FPFDM|N frequency detector. 10.00 10.00 10.00 MHz

MMCM_TggpELAY Maximum delay in the feedback path. 3 ns Max or one CLKIN cycle

MMCM Switching Characteristics Setup and Hold

Tmmempek_psen/ Setup and hold of phase-shift enable. | 1.04/0.00 | 1.04/0.00 | 1.04/0.00 ns

TMMcMCKD_PSEN
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Table 37: MMCM Specification (Cont’d)

Vcant Operating Voltage and Speed

Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L

Twmcmpck_psincpec/ | Setup and hold of phase-shift 1.04/0.00 | 1.04/0.00 | 1.04/0.00 |  ns
TMMCMCKD_PSINCDEC increment/decrement.
TMMCMCKO_PSDONE Phase shift clock-to-out of PSDONE. 0.68 0.81 0.81 ns
Dynamic Reconfiguration Port (DRP) for MMCM Before and After DCLK
T .

MMCMDCK_DADDR/ DADDR setup/hold. 1.40/0.15 | 1.63/0.15 | 1.63/0.15 | ns, Min
TMMCMCKD_DADDR
T .

MmMcMDCK_DI/ DI setup/hold. 1.40/0.15 | 1.63/0.15 | 1.63/0.15 | ns, Min
Tmmemekp_pi
Tmempek_pen/ DEN setup/hold. 1.97/0.00 | 2.29/0.00 | 2.29/0.00 | ns, Min
TMMCMCKD._DEN
Tmmempek_pwe/ DWE setup/hold. 1.40/0.15 | 1.63/0.15 | 1.63/0.15 | ns, Min
TMMCMCKD_DWE
TMMCMCKO_DRDY CLK to out of DRDY. 0.72 0.99 0.99 ns, Max
Fock DCLK frequency. 200.00 200.00 200.00 | MHz, Max
Notes:
1. The MMCM does not filter typical spread-spectrum input clocks because they are usually far below the bandwidth filter frequencies.
2. The static offset is measured between any MMCM outputs with identical phase.
3. Values for this parameter are available in the Clocking Wizard [Ref 8].
4. Includes global clock buffer.
5. Calculated as Fycp/128 assuming output duty cycle is 50%.
6. When CLKOUT4_CASCADE = TRUE, MMCM_Foumvn is 0.036 MHz.

PLL Switching Characteristics

Table 38: PLL Specification

Vceint Operating Voltage and Speed

Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L

PLL_FinmAX Maximum input clock frequency. 800.00 800.00 800.00 MHz
PLL_FinmiN Minimum input clock frequency. 19.00 19.00 19.00 MHz
PLL_FiNoITTER Maximum input clock period jitter. < 20% of clock input period or 1 ns Max

Allowable input duty cycle: 19—49 MHz. 25 25 25 %

Allowable input duty cycle: 50—199 MHz. 30 30 30 %

PLL_FinDuTY Allowable input duty cycle: 200—399 MHz. 35 35 35 %

Allowable input duty cycle: 400—499 MHz. 40 40 40 %

Allowable input duty cycle: =500 MHz. 45 45 45 %
PLL_Fycomin Minimum PLL VCO frequency. 800.00 800.00 800.00 MHz
PLL_Fyvcomax Maximum PLL VCO frequency. 1866.00 1600.00 1600.00 MHz
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Table 38: PLL Specification

Vcant Operating Voltage and Speed

Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Low PLL bandwidth at typical. 1.00 1.00 1.00 MHz
PLL_FganpbwiDTH : : 7
High PLL bandwidth at typical.(1) 4.00 4.00 4.00 MHz
PLL_TstaTPHAORESET | Static phase offset of the PLL outputs.(2) 0.12 0.12 0.12 ns
PLL_TOUTJlTTER PLL Output jitter. Note 3
PLL_TouTtouTy PLL output clock duty-cycle precision.(®) 0.20 0.20 0.20 ns
PLL_T| ockmax PLL maximum lock time. 100.00 100.00 100.00 Hs
PLL_FouTtmax PLL maximum output frequency. 800.00 800.00 800.00 MHz
PLL_FouTtmIN PLL minimum output frequency.(®) 6.25 6.25 6.25 MHz
PLL_TexTEDVAR External clock feedback variation. < 20% of clock input period or 1 ns Max
PLL_RSTpminpPULSE Minimum reset pulse width. 5.00 5.00 5.00 ns
Maximum frequency at the phase
PLL_F . 450. 450. MH
— PFDMAX frequency detector. 500.00 50.00 50.00 z
Minimum frequency at the phase frequency
PLL_F 19. 19. 19. MH
__FPEDMIN detector. 9.00 9.00 9.00 z
PLL_TrepELAY Maximum delay in the feedback path. 3 ns Max or one CLKIN cycle
Dynamic Reconfiguration Port (DRP) for PLL Before and After DCLK
TpLLock_papDR/ Setup and hold of D address. 1.40/0.15 | 1.63/0.15 | 1.63/0.15 | ns, Min
TpLLCKD_DADDR
TeLeock o/ Setup and hold of D input. 1.40/0.15 | 1.63/0.15 | 1.63/0.15 | ns, Min
TpLLCKD DI
TeLibck_Den/ Setup and hold of D enable. 1.97/0.00 | 2.29/0.00 | 2.29/0.00 | ns, Min
TrLLCcKkD_DEN
T . .
PLLDCK_DWE/ Setup and hold of D write enable. 1.40/0.15 | 1.63/0.15 | 1.63/0.15 | ns, Min
TpLLckD_DWE
TPLLCKO_DRDY CLK to out of DRDY. 0.72 0.99 0.99 ns, Max
Fock DCLK frequency. 200.00 200.00 200.00 | MHz, Max
Notes:
1. The PLL does not filter typical spread-spectrum input clocks because they are usually far below the bandwidth filter frequencies.
2. The static offset is measured between any PLL outputs with identical phase.
3. Values for this parameter are available in the Clocking Wizard [Ref 8].
4. Includes global clock buffer.
5. Calculated as FVCO/128 assuming output duty cycle is 50%.

DS189 (v1.7) July 31, 2018

Product Specification

www.Xilinx.com

l Send Feedback I

42


http://www.xilinx.com
https://www.xilinx.com/about/feedback.html?docType=Data_Sheets&docId=DS189&Title=Spartan-7%20FPGAs%20Data%20Sheet%3A%20DC%20and%20AC%20Switching%20Characteristics&releaseVersion=1.7&docPage=42
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- ®

Device Pin-to-Pin Output Parameter Guidelines

Table 39: Clock-Capable Clock Input to Output Delay Without MMCM/PLL (Near Clock Region)(?)

Vcant Operating Voltage and
Speed Grade
Symbol Description Device 1.0V 0.95V Units
-2 -1 -1L
SSTL15 Clock-Capable Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, without MMCM/PLL.
TickoE Clock-capable clock input and OUTFF at XC7S6 5.55 6.50 6.50 ns
pins/banks closest to the BUFGs without XC7S15 555 6.50 6.50 ns
MMCM/PLL (near clock region).(2)
XC7S25 5.55 6.44 6.44 ns
XC7S50 571 6.62 6.62 ns
XC7S75 5.73 6.71 6.71 ns
XC7S100 5.73 6.71 6.71 ns
XA7S6 5.55 6.50 N/A ns
XA7S15 5.55 6.50 N/A ns
XA7S25 5.55 6.44 N/A ns
XA7S50 5.71 6.62 N/A ns
XA7S75 5.73 6.71 N/A ns
XA7S100 5.73 6.71 N/A ns

Notes:

1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible IOB and CLB flip-flops are clocked by the global clock net.

2. Refer to the Die Level Bank Numbering Overview section of the 7 Series FPGA Packaging and Pinout Specification (UG475) [Ref 4].
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Table 41: Clock-Capable Clock Input to Output Delay With MMcMm(2)

Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Vcant Operating Voltage and
Speed Grade
Symbol Description Device 1.0V 0.95V Units
-2 -1 -1L

SSTL15 Clock-Capable Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, with MMCM.
Tickoemmemcee | Clock-capable clock input and OUTFF with | XC7S6 1.03 1.03 1.03 ns
MMCM. ) XC7S15 1.03 1.03 1.03 ns
XC7S25 1.00 1.00 1.00 ns
XC7S50 1.00 1.00 1.00 ns
XC7S75 1.00 1.00 1.00 ns
XC7S100 1.00 1.00 1.00 ns
XA7S6 1.03 1.03 N/A ns
XA7S15 1.03 1.03 N/A ns
XA7S25 1.00 1.00 N/A ns
XA7S50 1.00 1.00 N/A ns
XA7S75 1.00 1.00 N/A ns
XA7S100 1.00 1.00 N/A ns

Notes:

1. This table lists representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible IOB and CLB flip-flops are clocked by the global clock net.

2. MMCM output jitter is already included in the timing calculation.
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

All devices are 100% functionally tested. Values are expressed in nanoseconds unless otherwise noted.

Table 44: Global Clock Input Setup and Hold Without MMCM/PLL with ZHOLD_DELAY on HR 1/0 Banks

Vcant Operating Voltage and Speed

Grade
Symbol Description Device 1.0V 0.95V Units
-2 -1 -1L
Input Setup and Hold Time Relative to Global Clock Input Signal for SSTL15 Standard. (1)
Tpsep/ Full delay (legacy delay or default XC7S6 2.76/-0.40 | 3.17/-0.40 | 3.17/-0.40 ns
TPHFD delay) global clock input and IFF®  Fyeog15™ 5 76/-0.40 | 3.17/-0.40 | 3.17/-0.40 | ns
without MMCM/PLL with ZHOLD_ _DELAY
on HR 1/0 banks. XC7S25 2.67/-0.37 | 3.12/-0.37 | 3.12/-0.37 ns
XC7S50 2.66/-0.28 | 3.11/-0.28 | 3.11/-0.28 ns
XC7S75 2.91/-0.33 | 3.36/-0.33 | 3.36/-0.33 ns
XC7S100 | 2.91/-0.33 | 3.36/-0.33 | 3.36/-0.33 ns
XA7S6 2.76/-0.40 | 3.17/-0.40 N/A ns
XA7S15 2.76/-0.40 | 3.17/-0.40 N/A ns
XA7S25 2.67/-0.37 | 3.12/-0.37 N/A ns
XA7S50 2.66/-0.28 | 3.11/-0.28 N/A ns
XA7S75 2.91/-0.33 | 3.36/-0.33 N/A ns
XA7S100 | 2.91/-0.33 | 3.36/-0.33 N/A ns
Notes:

1. Setup and hold times are measured over worst case conditions (process, voltage, temperature). Setup time is measured relative to the global
clock input signal using the slowest process, highest temperature, and lowest voltage. Hold time is measured relative to the global clock
input signal using the fastest process, lowest temperature, and highest voltage.

2. IFF = Input flip-flop or latch.
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Table 46: Clock-Capable Clock Input Setup and Hold With PLL

Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Vccaint Operating Voltage and Speed
Grade
Symbol Description Device 1.0V 0.95V Units
-2 -1 -1L

Input Setup and Hold Time Relative to Clock-Capable Clock Input Signal for SSTL15 Standard.(1)(2

TpspLLce! No delay clock-capable clock input and | XC7S6 3.07/-0.17 | 3.69/-0.17 | 3.69/-0.17 ns

Terpice | IFF() with PLL. XC7S15 | 3.07/-0.17 | 3.69/-0.17 | 3.69/-0.17 | ns
XC7S25 3.04/-0.19 | 3.64/-0.19 | 3.64/-0.19 ns
XC7S50 3.15/-0.19 | 3.77/-0.19 | 3.77/-0.19 ns
XC7S75 3.15/-0.19 | 3.78/-0.19 | 3.78/-0.19 ns
XC7S100 | 3.15/-0.19 | 3.78/-0.19 | 3.78/-0.19 ns
XA7S6 3.07/-0.17 | 3.69/-0.17 N/A ns
XA7S15 3.07/-0.17 | 3.69/-0.17 N/A ns
XA7S25 3.04/-0.19 | 3.64/-0.19 N/A ns
XA7S50 3.15/-0.19 | 3.77/-0.19 N/A ns
XA7S75 3.15/-0.19 | 3.78/-0.19 N/A ns
XA7S100 | 3.15/-0.19 | 3.78/-0.19 N/A ns

Notes:

1. Setup and hold times are measured over worst case conditions (process, voltage, temperature). Setup time is measured relative to the global
clock input signal using the slowest process, highest temperature, and lowest voltage. Hold time is measured relative to the global clock input
signal using the fastest process, lowest temperature, and highest voltage.

2. Use IBIS to determine any duty-cycle distortion incurred using various standards.
3. IFF = Input flip-flop or latch.

Table 47: Data Input Setup and Hold Times Relative to a Forwarded Clock Input Pin Using BUFIO

Vcaint Operating Voltage and Speed

Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Input Setup and Hold Time Relative to a Forwarded Clock Input Pin Using BUFIO for SSTL15 Standard.
Tpscs/ TpHes | Setup and hold of 170 clock. —0.38/1.46 | —0.38/1.73 | —0.38/1.76 ns
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Additional Package Parameter Guidelines

The parameters in this section provide the necessary values for calculating timing budgets for Spartan-7
FPGA clock transmitter and receiver data-valid windows.

Table 49: Package Skew(1)

Symbol Description Device Package Value Units

CPGA196 44 ps

XC7S6 CSGA225 83 ps
FTGB196 65 ps

CPGA196 44 ps

XC7S15 CSGA225 83 ps
FTGB196 65 ps

CSGA225 93 ps

XC7S25 CSGA324 62 ps
FTGB196 83 ps

CSGA324 80 ps

XC7S50 FGGA484 110 ps
FTGB196 103 ps

XC7ST5 FGGA484 117 ps
FGGAG676 110 ps

XC7S100 FGGA484 117 ps
TPKGSKEW Package skew.(?) FEGAGT6 110 ps
CPGA196 44 ps

XA7S6 CSGA225 83 ps
FTGB196 65 ps

CPGA196 44 ps

XA7S15 CSGA225 83 ps
FTGB196 65 ps

CSGA225 93 ps

XA7S25 CSGA324 62 ps
FTGB196 83 ps

CSGA324 80 ps

XA7S50 FGGA484 110 ps
FTGB196 103 ps

XATSTS FGGA484 117 ps
FGGAG676 110 ps

XC7S100 FGGA484 117 ps
FGGA676 110 ps

Notes:

1. Package delay information is available for these device/package combinations. This information can be used to deskew the package.
2. These values represent the worst-case skew between any two SelectIO resources in the package: shortest delay to longest delay from die pad

to ball.
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Configuration Switching Characteristics

Table 51: Configuration Switching Characteristics

Vcant Operating Voltage and Speed

Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Power-up Timing Characteristics
Tp @M Program latency. 5.00 5.00 5.00 ms, Max
Toor® I(Dgg)v ?;so;rr:s er;te time). 10750 10750 10750 Mirrlr}i/]ax
I(D:lc.)vl\1l1esr r(::nls?’?[e time). 10735 10735 10735 Mirrlr}i/’lax
TPrROGRAM Program pulse width. 250.00 250.00 250.00 ns, Min
CCLK Output (Master Mode)
Ticck Master CCLK output delay. 150.00 150.00 150.00 ns, Min
TmeceKL Master CCLK clock Low time duty cycle. 40/60 40/60 40/60 %, Min/Max
TMmcCKH Master CCLK clock High time duty cycle. 40/60 40/60 40/60 %, Min/Max
Fucex Master CCLK frequency. 100.00 100.00 100.00 MHz, Max
Master CCLK frequency for AES encrypted x16.(2) 50.00 50.00 50.00 MHz, Max
Fmcck_sTarT | Master CCLK frequency at start of configuration. 3.00 3.00 3.00 MHz, Typ
FucekTol El(;targ:xnzr:cggflfrance, master mode with respect to +50 +50 +50 %, Max
CCLK Input (Slave Modes)
TscekL Slave CCLK clock minimum Low time. 2.50 2.50 2.50 ns, Min
TscckH Slave CCLK clock minimum High time. 2.50 2.50 2.50 ns, Min
Fscck Slave CCLK frequency. 100.00 100.00 100.00 MHz, Max
EMCCLK Input (Master Mode)
TeEmccKL External master CCLK Low time. 2.50 2.50 2.50 ns, Min
TemcckH External master CCLK High time. 2.50 2.50 2.50 ns, Min
FEmcck External master CCLK frequency. 100.00 100.00 100.00 MHz, Max
Internal Configuration Access Port
FieapcK ;gglrjr;ilcgc-mﬁguration access port (ICAPE2) clock 100.00 100.00 100.00 MHz, Max
Master/Slave Serial Mode Programming Switching
EEEE/ D,y setup/hold. 4.00/0.00 | 4.00/0.00 | 4.00/0.00 | ns, Min
Teco Doy clock to out. 8.00 8.00 8.00 ns, Max
SelectMAP Mode Programming Switching
Eng}fg/ D[31:00] setup/hold. 4.00/0.00 | 4.00/0.00 | 4.00/0.00 | ns, Min
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& XILINX.

eFUSE Programming Conditions

Table 52 lists the programming conditions specifically for eFUSE. For more information, see the 7 Series
FPGA Configuration User Guide (UG470) [Ref 10].

Table 52: eFUSE Programming Conditions(?)

Symbol Description Min Typ Max Units
Ies Vceaux supply current — - 115 mA
T; Temperature range 15 — 125 °C
Notes:

1. The FPGA must not be configured during eFUSE programming.

References

1. 7 Series FPGAs Overview (DS180)

2. XA Spartan-7 Automotive FPGA Data Sheet: Overview (DS171)
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4. 7 Series FPGA Packaging and Pinout Specification (UG475)

5. 7 Series FPGAs PCB Design Guide (UG483)
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7. Zynq-7000 AP SoC and 7 Series FPGAs Memory Interface Solutions User Guide (UG586)
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