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Table 3: DC Characteristics Over Recommended Operating Conditions

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

Symbol Description Min Typ() Max Units

VoRINT Data re_tention Vcent Voltage (below which configuration 0.75 _ _ Vv
data might be lost).

Vor, Data re.tention Vceaux Voltage (below which configuration 15 _ _ Vv
data might be lost).

Irer Vger leakage current per pin. - - 15 HA

I Input or output leakage current per pin (sample-tested). — — 15 HA

CiN® Die input capacitance at the pad. — — 8 pF
Pad pull-up (when selected) at V| = OV, Vo = 3.3V. 90 — 330 A
Pad pull-up (when selected) at V| = OV, Vcco = 2.5V. 68 - 250 HA

Irpy Pad pull-up (when selected) at V| = OV, Veco = 1.8V. 34 — 220 HA
Pad pull-up (when selected) at V| = OV, Vgco = 1.5V. 23 — 150 HA
Pad pull-up (when selected) at V| = OV, Veco = 1.2V. 12 — 120 A

IrpD Pad pull-down (when selected) at V,y = 3.3V. 68 - 330 HA

lccapc Analog supply current, analog circuits in powered up state. — — 25 mA

Igatr® Battery supply current. - - 150 nA
Thevenin equivalent resistance of programmable input o8 40 55 o
termination to Vcco/2 (UNTUNED_SPLIT_40).

BT | e ey a0 e
Thevenin equivalent resistance of programmable input a4 60 83 o
termination to Vcco/2 (UNTUNED_SPLIT_60).

n Temperature diode ideality factor. - 1.010 — —

r Temperature diode series resistance. - 2 — Q

Notes:

1. Typical values are specified at nominal voltage, 25°C.

This measurement represents the die capacitance at the pad, not including the package.

2
3. Maximum value specified for worst case process at 25°C.
4. Termination resistance to a Vcco/2 level.
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

DC Input and Output Levels

Values for Vj and Viy are recommended input voltages. Values for I, and Ioy are guaranteed over the
recommended operating conditions at the Vg and Vgy test points. Only selected standards are tested.
These are chosen to ensure that all standards meet their specifications. The selected standards are tested
at a minimum Vo with the respective Vo and Vgy voltage levels shown. Other standards are sample

tested.

Table 8: SelectlO DC Input and Output Levels(1)(2)(3)

Vou

ViL Vin Vou
1/0 Standard - - - -
V, Min V, Max V, Min V, Max V, Max V, Min mA, Max mA, Min

HSTL_I —0.300 | VRgg — 0.100|VRggg + 0.100| Vo + 0.300 0.400 Veeo — 0.400 8.00 —8.00
HSTL_1_18 —0.300 | Vgegr — 0.100 |Vgeg + 0.100| Vo + 0.300 0.400 Veeo — 0.400 8.00 —8.00
HSTL_II —0.300 | Vggg — 0.100 |Vggg + 0.100|Vco + 0.300 0.400 Veeo — 0.400 16.00 | —16.00
HSTL_11_18 —0.300 |VRgg — 0.100 | VR + 0.100| Vo + 0.300 0.400 Veeo — 0.400 16.00 | —16.00
HSUL_12 —0.300 | VRgg — 0.130|VRggr + 0.130| Vo + 0.300 20% Vcco 80% Vcco 0.10 —0.10
LVCMOS12 —0.300| 35% Vcco 65% Veco |Veco + 0.300 0.400 Vcco — 0.400 | Note 4 | Note 4
LVCMOS15 —0.300| 35% Vcco 65% Vcco |Veco + 0.300 25% Vcco 75% Vcco Note 5 | Note 5
LVCMOS18 —0.300| 35% Vcco 65% Vcco | Veco + 0.300 0.450 Vceo — 0.450 | Note 6 | Note 6
LVCMOS25 —0.300 0.7 1.700 Veeo + 0.300 0.400 Veco —0.400 | Note 5 | Note 5
LVCMOS33 —0.300 0.8 2.000 3.450 0.400 Veco — 0.400 | Note S | Note 5
LVTTL —0.300 0.8 2.000 3.450 0.400 2.400 Note 6 | Note 6
MOBILE_DDR |—-0.300| 20% Vcco 80% Vo | Veco + 0.300 10% Vcco 90% Vcco 0.10 —-0.10
PCI33_3 —0.400| 30% Vcco 50% Vceo | Veco + 0.500 10% Veeo 90% Vcco 1.50 —0.50
SSTL135 —0.300 | VRgg — 0.090 | Vggg + 0.090| Vo + 0.300 |Veep/2 — 0.150|Veep/2 + 0.150| 13.00 | —13.00
SSTL135_R —0.300 | VRgg — 0.090 | Vggg + 0.090| Vo + 0.300 |Veep/2 — 0.150|Vecp/2 + 0.150| 8.90 —-8.90
SSTL15 —0.300 | VReg — 0.100 | Vggg + 0.100| Vo + 0.300 |Veep/2 — 0.175|Veep/2 + 0.175| 13.00 | —13.00
SSTL15_R —0.300 | Vreg — 0.100 | Vggg + 0.100| Vo + 0.300 |Veep/2 — 0.175|Veee/2 + 0.175|  8.90 —8.90
SSTL18_1 —0.300 | VRgg — 0.125|VRgg + 0.125| Vo + 0.300 |Veep/2 — 0.470|Veco/2 + 0.470|  8.00 —8.00
SSTL18 I —0.300 | VRgg — 0.125|VRggg + 0.125| Vo + 0.300 |Veep/2 — 0.600|Vecp/2 + 0.600| 13.40 | —13.40
Notes:
1. Tested according to relevant specifications.
2. 3.3V and 2.5V standards are only supported in HR I/O banks.
3. For detailed interface specific DC voltage levels, see the 7 Series FPGAs SelectlO Resources User Guide (UG471) [Ref 3].
4. Supported drive strengths of 4, 8, or 12 mA in HR I/O banks.
5. Supported drive strengths of 4, 8, 12, or 16 mA in HR I/O banks.
6. Supported drive strengths of 4, 8, 12, 16, or 24 mA in HR I/O banks.
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Table 9: Differential SelectlO DC Input and Output Levels

Viem™) Vip? Vocm® Voo™
I/OStandard | v | v | v | v, |V, |V, v, v, v, V, |V, |V,
Min | Typ | Max | Min | Typ | Max Min Typ Max Min | Typ | Max
BLVDS_25 0.300(1.200| 1.425 |0.100| — — 1.250 — Note 5
MINI_LVDS_25|0.300{1.200|V¢caux|0.200({0.400/0.600 1.000 1.200 1.400 0.300|0.450|0.600
PPDS_25 0.200|0.900|Vcaux|0.100(0.250(0.400 0.500 0.950 1.400 0.100|0.250/0.400
RSDS_25 0.300|0.900| 1.500 |{0.100|0.350(0.600 1.000 1.200 1.400 0.100|0.350|0.600
TMDS_33 2.700|2.965| 3.230 |0.150|0.675|1.200|Vcco — 0.405 Vo — 0.300|Veco — 0.190(0.400|0.600| 0.800
Notes:
1. Vgm is the input common mode voltage.
2. Vjpis the input differential voltage (Q - Q).
3. Vpcwm is the output common mode voltage.
4. Vgp is the output differential voltage (Q — Q).
5. Vgp for BLVDS will vary significantly depending on topology and loading.
Table 10: Complementary Differential SelectlO DC Input and Output Levels
Viem™ Vip? Vo ® Vou? loL lon
I/0 Standard - - - -
V, Min | V, Typ |V, Max |V, Min |V, Max V, Max V, Min mA, Max | mA, Min
DIFF_HSTL_I 0.300 | 0.750 | 1.125 | 0.100 — 0.400 Vceo — 0.400 8.00 —8.00
DIFF_HSTL_1_18 0.300 | 0.900 | 1.425 | 0.100 — 0.400 Vceo — 0.400 8.00 -8.00
DIFF_HSTL_II 0.300 | 0.750 | 1.125 | 0.100 — 0.400 Vceo — 0.400 16.00 —16.00
DIFF_HSTL_I11_18 | 0.300 | 0.900 | 1.425 | 0.100 — 0.400 Vceo — 0.400 16.00 —16.00
DIFF_HSUL_12 0.300 | 0.600 | 0.850 | 0.100 - 20% Vcco 80% Vcco 0.100 —0.100
DIFF_MOBILE_DDR | 0.300 | 0.900 | 1.425 | 0.100 — 10% Vcco 90% Vcco 0.100 —0.100
DIFF_SSTL135 0.300 | 0.675 | 1.000 | 0.100 — (Veco/2) — 0.150|(Veeo/2) + 0.150)  13.0 -13.0
DIFF_SSTL135_R 0.300 | 0.675 | 1.000 | 0.100 — (Veeo/2) — 0.150 | (Veep/2) + 0.150 8.9 -8.9
DIFF_SSTL15 0.300 | 0.750 | 1.125 | 0.100 — (Veco/2) — 0.175|(Veeo/2) + 0.175]  13.0 -13.0
DIFF_SSTL15_R 0.300 | 0.750 | 1.125 | 0.100 — (Veco/2) — 0.175|(Veco/2) + 0.175 8.9 -8.9
DIFF_SSTL18 | 0.300 | 0.900 | 1.425 | 0.100 — (Veco/2) — 0.470|(Veco/2) + 0.470)  8.00 -8.00
DIFF_SSTL18 Il 0.300 | 0.900 | 1.425 | 0.100 — (Vcco/2) — 0.600 |(Vecpo/2) + 0.600| 13.4 -13.4
Notes:
1. Vicum is the input common mode voltage.
2. Vppis the input differential voltage (Q — Q).
3. Vg is the single-ended low-output voltage.
4. Voy is the single-ended high-output voltage.
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LVDS DC Specifications (LVDS_25)

Table 11: LVDS_25 DC Specifications(?)

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

Symbol DC Parameter Conditions Min Typ Max | Units
Veeo Supply voltage. 2.375 | 2.500 | 2.625 \Y
VoH Output High voltage for Q and Q. Rt = 1002 across Q and Q signals. - — 1.675 \%
VoL Output Low voltage for Q and Q. | Ry = 100Q across Q and Q signals. | 0.700 - - v
Differential output voltage:

VoDIEE (Q — Q), Q = High Rt = 1002 across Q and Qsignals. | 247 350 600 mV
(Q - Q), Q = High

Vocwm Output common-mode voltage. | Ry = 100Q across Q and Q signals. | 1.000 | 1.250 | 1.425 \%
Differential input voltage:

V\DIFF (Q — Q), Q = High 100 350 600 | mV
(Q - Q), Q = High

Viem Input common-mode voltage. 0.300 | 1.200 | 1.500 \Y

Notes:

1. Differential inputs for LVDS_25 can be placed in banks with Vccq levels that are different from the required level for outputs. Consult the
7 Series FPGAs SelectlO Resources User Guide (UG471) [Ref 3] for more information.
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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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Table 18: 10B 3-state Output Switching Characteristics

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

Vcant Operating Voltage and

Speed Grade

Symbol Description 1.0V 0.95V Units
-2 -1 -1L
T\0TPHZ T input to pad high-impedance. 2.19 2.37 2.37 ns
TioisurDIsaBLE | IBUF turn-on time from IBUFDISABLE to O output. 2.30 2.60 2.60 ns
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Input Serializer/Deserializer Switching Characteristics

Table 23: ISERDES Switching Characteristics

Vcant Operating Voltage and Speed
Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Setup/Hold for Control Lines
Tiscek_sitsLip/ BITSLIP pin setup/hold with respect to 0.02/0.15 | 0.02/0.17 | 0.02/0.17 ns
Tisckc_BITSLIP CLKDIV.
Tiscek_ce/ CE pin setup/hold with respect to CLK 0.50/—0.01 | 0.72/-0.01 | 0.72/—0.01 s
Tiscke_ce (for CE1).
Tiscek_ce2/ CE pin setup/hold with respect to CLKDIV —0.10/0.36 | —0.10/0.40 | —0.10/0.40 ns
Tiscke_ce2 (for CE2).
Setup/Hold for Data Lines
pSDCK—D/ D pin setup/hold with respect to CLK. —0.02/0.14|-0.02/0.17 | —=0.02/0.17 | ns
ISCKD_D
Tispck_poLy/ DDLY pin setup/hold with respect to CLK ~0.02/0.14 | -0.02/0.17 | —0.02/0.17 | ns
TlSCKD_DDLY (USlng IDELAY)( )
Tisbck_p_ppr/ D pin setup/hold with respect to CLK at —0.02/0.14 | —-0.02/0.17 | —0.02/0.17 ns
TlSCKD_D_DDR DDR mode.
Tispek_poLy_ppr/ | D pin setup/hold with respect to CLK at 0.14/0.14 | 0.17/0.17 | 0.17/0.17 | ns
T|SCKD_DDLY_DDR DDR mode (USIng IDELAY)( )
Sequential Delays
Tiscko @ ‘ CLKDIV to out at Q pin. 0.54 0.66 0.66 ns
Propagation Delays
Tispo_po ‘ D input to DO output pin. 0.11 0.13 0.13 ns
Notes:
1. Recorded at 0 tap value.
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{ XI LI NX Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics
- ®

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

Table 26: 10_FIFO Switching Characteristics

Vcaint Operating Voltage and Speed

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

I0_FIFO Clock to Out Delays

Torrcko _po RDCLK to Q outputs. 0.60 0.68 0.68 ns
Tcko FLAGS Clock to 10_FIFO flags. 0.61 0.77 0.77 ns
Setup/Hold

Teek o/ Teke b D inputs to WRCLK. 0.51/0.02 | 0.58/0.02 | 0.58/0.02 | ns
ﬁ:iiiigﬁii:/ WREN to WRCLK. 0.47/-0.01 | 0.53/-0.01 | 0.53/-0.01| ns
%EEEEE:EEEE/ RDEN to RDCLK. 0.58/0.02 | 0.66/0.02 | 0.66/0.02 | ns
Minimum Pulse Width

TPWH_10_FIFO RESET, RDCLK, WRCLK. 2.15 2.15 2.15 ns
ThwL_10_FIFO RESET, RDCLK, WRCLK. 2.15 2.15 2.15 ns
Maximum Frequency

FMAX RDCLK and WRCLK. 200.00 200.00 200.00 | MHz
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

CLB Distributed RAM Switching Characteristics (SLICEM Only)

Table 28: CLB Distributed RAM Switching Characteristics

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

Sequential Delays
TsHcko Clock to A — B outputs. 1.09 1.32 1.32 ns, Max
Tsheko 1 Clock to AMUX — BMUX outputs. 1.53 1.86 1.86 ns, Max
Setup and Hold Times Before/After Clock CLK
Tos LraM/ ToH_LRAM A — D inputs to CLK. 0.60/0.30|0.72/0.35|0.72/0.35 | ns, Min

Address An inputs to clock. 0.30/0.60 | 0.37/0.70 | 0.37/0.70 | ns, Min
Tas_LRaM/ TAH_LRAM Address An inputs through MUXs and/or 0.77/0.21 | 0.94/0.26 | 0.94/0.26 | ns, Min

carry logic to clock.
Tws_Lram/TwH_Lrav | WE input to clock. 0.43/0.12 | 0.53/0.17 | 0.53/0.17 | ns, Min
Tceck_Lram/Tckce Lram | CE input to CLK. 0.44/0.11 | 0.53/0.17 | 0.53/0.17 | ns, Min
Clock CLK
TMPW_LRAM Minimum pulse width. 1.13 1.25 1.25 ns, Min
Tmep Minimum clock period. 2.26 2.50 2.50 ns, Min
Notes:
1. Tshcko also represents the CLK to XMUX output. Refer to the timing report for the CLK to XMUX path.
CLB Shift Register Switching Characteristics (SLICEM Only)
Table 29: CLB Shift Register Switching Characteristics

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

Sequential Delays
TrREG Clock to A — D outputs. 1.33 1.61 1.61 ns, Max
TREG_MUX Clock to AMUX — DMUX output. 1.77 2.15 2.15 ns, Max
TREG_M31 Clock to DMUX output via M31 output. 1.23 1.46 1.46 ns, Max
Setup and Hold Times Before/After Clock CLK
Tws_shrree/ TwH_sHrree | WE input. 0.41/0.12 | 0.51/0.17 | 0.51/0.17 | ns, Min
Teeck_strrec/ CE input to CLK. 0.42/0.11 | 0.52/0.17 | 0.52/0.17 | ns, Min
TcKcE_SHFREG
Tbs_sHrrRec/ TpH_SHFREG A — D inputs to CLK. 0.37/0.37 | 0.44/0.43 | 0.44/0.43 | ns, Min
Clock CLK
TMPW_SHFREG Minimum pulse width. 086 | 098 | 098 |ns, Min
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

Table 31: DSP48E1 Switching Characteristics (Cont’d)

Vcant Operating

Voltage and Speed
Symbol Description Grade Units
1.0v 0.95Vv
-2 -1 -1L
Tbsppck_cem_mree/ CEM input to M register CLK. 0.21/1.0.27/1 0.217 | |
Tbspckp_CEM_MREG 0.20 | 0.23 | 0.23
Tpspock_cep_prec/ CEP input to P register CLK. 0.43/10.53/) 0.3/
Tbspckp_CEP_PREG 0.01 | 0.01 | 0.01
Setup and Hold Times of the RST Pins
TDsPDCK_{RSTA; RSTB}_{AREG; BREG} {RSTA, RSTB} input to {A, B} register CLK. 0.46//1 0.5/ 0.55/|
TbspckD_{RSTA; RSTB} {AREG; BREG} 0.13 | 0.15 | 0.15
Tospock_rsTc_cree/ RSTC input to C register CLK. 0.08//1 0.09/1 0.09/|
TbsSPCKD_RSTC_CREG 0.11 | 0.12 | 0.12
— - RSTD input to D register CLK ns
Tbspckp_RSTD_DREG P 0.08 | 0.09 | 0.09
Tbsppck_RSTM_MREG RSTM input to M register CLK 0.23/1 0.27/ | 0.27/ ns
TpsPckD_RSTM_MREG 0.24 | 0.28 | 0.28
Tospock_rste_prec/ RSTP input to P register CLK 0.30710.35/) 0.35/|
Tbspckp_RSTP_PREG 0.01 | 0.01 | 0.01
Combinatorial Delays from Input Pins to Output Pins
TDSPDO_A_CARRYOUT_MULT A input to CARRYOUT Output USing multlpller 4.35 5.18 5.18 ns
TbsPpo_D_P_MULT D input to P output using multiplier. 4.26 | 5.07 5.07 ns
Tosppo B P B input to P output not using multiplier. 1.75 | 2.08 | 2.08 ns
Tbsppo_c_p C input to P output. 1.53 | 1.82 | 1.82 ns
Combinatorial Delays from Input Pins to Cascading Output Pins
TDSPDO_{A; B} {ACOUT; BCOUT} {A, B} input to {ACOUT, BCOUT} output. 0.63 0.74 0.74 ns
{A, B} input to CARRYCASCOUT output using
Tbsppo_{A, B} CARRYCASCOUT_MULT multiplier. 465 | 554 | 554 | ns
D input to CARRYCASCOUT output using
TbsPDO_D_CARRYCASCOUT MULT multiplier. 4.54 | 540 | 540 | ns
{A, B} input to CARRYCASCOUT output not
TbsPpo_{A, B} CARRYCASCOUT using multiplier. 2.03 | 241 | 241 | ns
TDSPDO_C_CARRYCASCOUT C input to CARRYCASCOUT Output. 1.81 2.15 2.15 ns
Combinatorial Delays from Cascading Input Pins to All Output Pins
TDSPDO_AC|N_P_MULT ACIN input to P Output USing multlpller 4.19 5.00 5.00 ns
TbsPpo_ACIN_P ACIN input to P output not using multiplier. 1.57 1.88 1.88 ns
TpbsPpo_ACIN_ACOUT ACIN input to ACOUT output. 0.44 | 0.53 | 0.53 ns
ACIN input to CARRYCASCOUT output using
TpbsPDO_ACIN_CARRYCASCOUT MULT L 4.47 | 533 | 5.33 | ns
multiplier.
ACIN input to CARRYCASCOUT output not
TbsPDO_ACIN_CARRYCASCOUT using multiplier. 185 | 2.21 | 221 | ns
TDSPDO_PC'N_P PCIN input to P Output. 1.28 1.52 1.52 ns
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Table 31: DSP48E1 Switching Charact

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

eristics (Cont’d)

Vcant Operating

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

TDSPDO_PCIN._ CARRYCASCOUT PCIN input to CARRYCASCOUT output. 1.56 | 1.85 | 1.85 | ns
Clock to Outs from Output Register Clock to Output Pins
TbSPCKO_P_PREG CLK PREG to P output. 0.37 | 0.44 | 0.44 | ns
TDSPCKO_ CARRYCASCOUT PREG CLK PREG to CARRYCASCOUT output. 0.59 | 0.69 | 0.69 | ns
Clock to Outs from Pipeline Register Clock to Output Pins
Tbspcko P _MREG CLK MREG to P output. 1.93 231 | 2.31 ns
TDHSPCKO_CARRYCASCOUT MREG CLK MREG to CARRYCASCOUT output. 221 | 2.64 | 2.64 | ns
TbsPCKO_P_ADREG_MULT CLK ADREG to P output using multiplier. 3.10 | 3.69 | 3.69 ns
TbsSPCKO_CARRYCASCOUT_ADREG_MULT SnLu'Tt%I:I)izE G to CARRYCASCOUT output using | 335 | 2.02 | 4.02 | ns
Clock to Outs from Input Register Clock to Output Pins
TpbsPcko_P_AREG_MULT CLK AREG to P output using multiplier. 451 | 5.37 | 5.37 ns
TbsPCKO_P_BREG CLK BREG to P output not using multiplier. 1.87 | 2.22 | 2.22 ns
TbsPCKO_P_CREG CLK CREG to P output not using multiplier. 1.93 | 2.30 | 2.30 ns
TbsPcko_P_DREG_MULT CLK DREG to P output using multiplier. 4.48 | 5.32 | 5.32 ns
Clock to Outs from Input Register Clock to Cascading Output Pins
TbspPcko_{ACOUT; BCOUT} CLK (ACOUT, BCOUT) to {A,B} register 0.73 | 0.87 | 0.87 ns
{AREG; BREG} output.
TbsPckO_CARRYCASCOUT CLK (AREFB, BREG? t.o CARRYCASCOUT 4.79 5.70 570 ns
{AREG, BREG} MULT output using multiplier.
TbsPcko_CARRYCASCOUT  BREG SIS_iEgBTnEjﬁtpc:igf RRYCASCOUT output not 2.15 | 255 | 2.55 | ns
TbsPCKO_CARRYCASCOUT _ DREG_MULT anqLuITt:?oﬁES to CARRYCASCOUT output using | 4 76 | 5.65 | 5.65 | ns
TDSPCKO_CARRYCASCOUT  CREG CLK CREG to CARRYCASCOUT output. 2.21 2.63 2.63 ns
Maximum Frequency
Fmax With all registers used. 550.66|464.25|464.25| MHz
FMAX_PATDET With pattern detector. 465.77/392.93|392.93| MHz
FMAX_MULT NOMREG Two register multiply without MREG. 305.62|257.47|257.47| MHz
FMAX_MULT NOMREG. PATDET g‘;"t‘:erﬁ]g:j;teécru't'p'y without MREG with 1,22 651233.92/233.92| MHz
FMAX_PREADD.MULT NOADREG Without ADREG. 346.26/290.44|290.44| MHz
FMAX_PREADD_MULT NOADREG_pATDET | Without ADREG with pattern detect. 346.26290.44|290.44| MHz
FMAX_NOPIPELINEREG Without pipeline registers (MREG, ADREG). [227.01|190.69|190.69| MHz
FMAX_NOPIPELINEREG_PATDET wi:[:c;ittgfnelér;iel;eflsters (MREG, ADREG) 511,15 177.43177.43| MHz
DS189 (v1.7) July 31, 2018 www.xilinx.com I Send Feedback I
Product Specification 37


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=37

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

& XILINX.

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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Table 40: Clock-Capable Clock Input to Output Delay Without MMCM/PLL (Far Clock Region)(1)

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, without MMCM/PLL.
TICKOFEAR Clock-capable clock input and OUTFF at XC7S6 5.55 6.50 6.50 ns
pins/banks farthest from the BUFGs without |y-~7g15 5.55 6.50 6.50 ns
MMCM/PLL (far clock region).(?)
XC7S25 5.55 6.44 6.44 ns
XC7S50 5.71 6.62 6.62 ns
XC7S75 6.01 7.02 7.02 ns
XC7S100 6.01 7.02 7.02 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 571 6.62 N/A ns
XA7S75 6.01 7.02 N/A ns
XA7S100 6.01 7.02 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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- ®

Table 42: Clock-Capable Clock Input to Output Delay With PLL(1)

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 PLL.
T\cKOEPLLCC Clock-capable clock input and OUTFF with | XC7S6 0.85 0.85 0.85 ns
PLL.® XC7S15 0.85 0.85 0.85 ns
XC7S25 0.83 0.83 0.83 ns
XC7S50 0.83 0.83 0.83 ns
XC7S75 0.83 0.83 0.83 ns
XC7S100 0.83 0.83 0.83 ns
XA7S6 0.85 0.85 N/A ns
XA7S15 0.85 0.85 N/A ns
XA7S25 0.83 0.83 N/A ns
XA7S50 0.83 0.83 N/A ns
XA7S75 0.83 0.83 N/A ns
XA7S100 0.83 0.83 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. PLL output jitter is already included in the timing calculation.

Table 43: Pin-to-Pin, Clock-to-Out using BUFIO

Vceint Operating Voltage and Speed
Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
SSTL15 Clock-Capable Clock Input to Output Delay using Output Flip-Flop, Fast Slew Rate, with BUFIO.
T\ckoFcs Clock to out of 1/0 clock. 5.61 6.64 6.64 ns
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Device Pin-to-Pin Input Parameter Guidelines

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 48: Sample Window

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

Vcant Operating Voltage and Speed
Grade
Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Tsamp Sampling error at receiver pins.() 0.64 0.70 0.70 ns
Tsamp_surio | Sampling error at receiver pins using BUFI0.(2) 0.40 0.46 0.46 ns

Notes:

1. This parameter indicates the total sampling error of the Spartan-7 FPGAs DDR input registers, measured across voltage, temperature, and
process. The characterization methodology uses the MMCM to capture the DDR input registers’ edges of operation. These measurements

include:

- CLKO MMCM jitter

- MMCM accuracy (phase offset)
- MMCM phase shift resolution
These measurements do not include package or clock tree skew.

2. This parameter indicates the total sampling error of the Spartan-7 FPGAs DDR input registers, measured across voltage, temperature, and
process. The characterization methodology uses the BUFIO clock network and IDELAY to capture the DDR input registers’ edges of operation.
These measurements do not include package or clock tree skew.
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Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics

XADC Specifications

The 7 Series FPGAs Overview (DS180) [Ref 1] and XA Spartan-7 Automotive FPGA Data Sheet: Overview
(DS171) [Ref 2] list the devices that contain a 7 series XADC dual 12-Bit 1 MSPS analog-to-digital

converter.

Table 50: XADC Specifications

Parameter Symbol Comments/Conditions Min Typ Max | Units
VCCADC = 1.8V + 5%, VREFP = 125V, VREFN == OV, ADCCLK = 26 MHZ, —-55°C < Tj < 125°C.
Typical values at T; = +40°C.
ADC Accuracy(l)
Resolution 12 — — Bits
. . —40°C < Tj <100°C — — +2 LSBs
Integral nonlinearity(?) INL
—55°C < TJ- < —-40°C; 100°C < Tj <125°C — — +3 LSBs
Differential nonlinearity DNL No missing codes, guaranteed monotonic. — - +1 LSBs
) —40°C < T; £ 100°C — - +8 LSBs
Unipolar
Offset error —55°C < Tj < —40°C; 100°C < T; £ 125°C — — +12 | LSBs
Bipolar |-55°C < TJ- <125°C — — +4 LSBs
Gain error — — +0.5 %
Offset matching — — 4 LSBs
Gain matching — — 0.3 %
Sample rate — — 1 MS/s
Signal to noise ratio(?) ’ SNR FsampLe = 500 KS/s, Fiy = 20 kHz 60 - - dB
) External 1.25V reference. — — 2 LSBs
RMS code noise -
On-chip reference. — 3 - LSBs
Total harmonic distortion(?) \ THD FsampLe = 500 KS/s, Fiy = 20 kHz 70 - - dB
Analog Inputs(3)
Unipolar operation. 0 — 1 \%
) Bipolar operation. -0.5 — +0.5 \%
ADC input ranges - -
Unipolar common mode range (FS input). 0 - +0.5 \%
Bipolar common mode range (FS input). +0.5 - +0.6 \%
. . Adjacent analog channels set within these
Maximum external channel input
ranges should not corrupt measurements | —0.1 —  |Vecapel V
ranges .
on adjacent channels.
Full-resolution bandwidth | FRBW Auxnla.ry channel full resolution 250 — — kHz
bandwidth.
On-chip Sensors
—40°C < T; £ 100°C - - +4 °C
Temperature sensor error
—55°C < Tj < —40°C; 100°C < T; £ 125°C — — +6 °C
—40°C < TJ- <100°C — — +1 %
Supply sensor error
—55°C < Tj < —40°C; 100°C < T; < 125°C | — - +2 %
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Table 50: XADC Specifications (Cont’d)

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

Parameter Symbol Comments/Conditions Min Typ Max | Units

Conversion Rate(4)

E::cc))r?t\i/r?lfniag time: tcony Number of ADCCLK cycles. 26 - 32 | Cycles

Conversion time: event tcony Number of CLK cycles. - - 21 |Cycles

DRP clock frequency DCLK DRP clock frequency. - 250 MHz

ADC clock frequency ADCCLK | Derived from DCLK. - 26 MHz

DCLK duty cycle 40 — 60 %

XADC Reference(®)

External reference VREFP Externally supplied reference voltage. 1.20 | 1.25 | 1.30 \Y
Ground Vggpp pin to AGND,

On-chip reference _40°C < T, < 109°C 1.2375| 1.25 |1.2625| V
Ground VREFP pin to AGND, 1225 | 1.25 | 1.275 v

—55°C < Tj < —-40°C; 100°C < T; < 125°C

Notes:

1. Offset and gain errors are removed by enabling the XADC automatic gain calibration feature. The values are specified for when this feature

is enabled.

2. Only specified for bitstream option XADCEnhancedLinearity = ON.
3. For a detailed description, see the ADC chapter in the 7 Series FPGAs and Zynq-7000 AP SoC XADC Dual 12-Bit 1 MSPS Analog-to-Digital
Converter User Guide (UG480) [Ref 9].
4. For a detailed description, see the Timing chapter in the 7 Series FPGAs and Zynq-7000 AP SoC XADC Dual 12-Bit 1 MSPS Analog-to-Digital
Converter User Guide (UG480) [Ref 9].
5. Any variation in the reference voltage from the nominal Vggep = 1.25V and Vggpy = OV will result in a deviation from the ideal transfer
function. This also impacts the accuracy of the internal sensor measurements (i.e., temperature and power supply). However, for external
ratiometric type applications allowing reference to vary by +4% is permitted.
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