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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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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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Table 14: Spartan-7 Device Production Software and Speed Specification Release

Vcant Operating Voltage, Speed Grade, and Temperature Range

2018.2.1 v1.16

Device 1.0v 0.95V
-2C -2l -1C -11 -1Q -1LI
. Vivado tools Vivado tools
XC7S6 Vivado tools 2018.2 v1.22 2018.2.1 v1.23 | 2018.2 v1.22
. Vivado tools Vivado tools
XC7S15 Vivado tools 2018.2 v1.22 5018.2.1 v1.23 | 2018.2 v1.22
. Vivado tools Vivado tools
XC7S25 Vivado tools 2017.4 v1.20 5018.1 v1.21 5017 .4 v1.20
. Vivado tools Vivado tools
XC7S50 Vivado tools 2017.2 v1.17 5017.3 v1.19 5017.2 v1.17
. Vivado tools Vivado tools
XC7S75 Vivado tools 2018.1 v1.21 2018.2.1 v1.23 | 2018.1 vi1.21
. Vivado tools Vivado tools
XC7S100 Vivado tools 2018.1 v1.21 2018.2.1 v1.23 | 2018.1 vi.21
Vivado tools .
XA7S6 N/A 2018.2.1 v1.16 N/A Vivado tools 2018.2.1 v1.16 N/A
XA7S15 N/A Vivado tools N/A Vivado tools 2018.2.1 v1.16 N/A
2018.2.1 v1.16 o ’
XA7S25 N/A Vivado tools N/A Vivado tools 2018.1 v1.15 N/A
2018.1 v1.15 ’ )
XA7S50 N/A Vivado tools N/A Vivado tools 2017.3 v1.12 N/A
2017.3v1.12 ’ )
XA7S75 N/A Vivado tools N/A Vivado tools 2018.2.1 v1.16 N/A
2018.2.1 v1.16 o ’
XA7S100 N/A Vivado tools N/A Vivado tools 2018.2.1 v1.16 N/A

Performance Characteristics

This section provides the performance characteristics of some common functions and designs
implemented in Spartan-7 FPGAs. These values are subject to the same guidelines as the AC Switching

Characteristics, page 12.

Table 15: Networking Applications Interface Performances

Vcant Operating Voltage, Speed
Grade, and Temperature Range

Description 1.0V 0.95V Units
-2¢/-21 | -1¢/-11/-1Q -1Ll
SDR LVDS transmitter (using OSERDES; DATA_WIDTH = 4 to 8) 680 600 600 Mb/s
DDR LVDS transmitter (using OSERDES; DATA_WIDTH = 4 to 14) 1250 950 950 Mb/s
SDR LVDS receiver() 680 600 600 Mb/s
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Table 15: Networking Applications Interface Performances (Cont’d)

Vcant Operating Voltage, Speed
Grade, and Temperature Range
Description 1.0V 0.95V Units
-2¢/-21 | -1¢/-11/-1Q -1L
DDR LVDS receiver(1) 1250 950 950 Mb/s

Notes:

1. LVDS receivers are typically bounded with certain applications where specific dynamic phase-alignment (DPA) algorithms dominate
deterministic performance.

Table 16: Maximum Physical Interface (PHY) Rate for Memory Interface IP available with the Memory Interface
Generator(l)

Vcant Operating Voltage, Speed Grade,
and Temperature Range

Memory Standard 1.0V 0.95V Units
-2C/-21 -1¢/-11/-1Q -1LI

4:1 Memory Controllers
DDR3 8002 667 667 Mb/s
DDR3L 800(2) 667 667 Mb/s
DDR2 800(2) 667 667 Mb/s
2:1 Memory Controllers
DDR3 800(2) 667 667 Mb/s
DDR3L 80012 667 667 Mb/s
DDR2 8002 667 667 Mb/s
LPDDR2 667 533 533 Mb/s
Notes:
1. X?ReEF ;Txcking is required. For more information, see the Zyng-7000 AP SoC and 7 Series FPGAs Memory Interface Solutions User Guide (UG586)

2. The maximum PHY rate is 667 Mb/s in the FTGB196 package.

I0B Pad Input/Output/3-State

Table 17 summarizes the values of standard-specific data input delay adjustments, output delays
terminating at pads (based on standard) and 3-state delays.

e Tiopp is described as the delay from IOB pad through the input buffer to the I-pin of an IOB pad. The
delay varies depending on the capability of the SelectlO input buffer.

e Tioop is described as the delay from the O pin to the IOB pad through the output buffer of an IOB
pad. The delay varies depending on the capability of the SelectlO output buffer.

e Tio7p is described as the delay from the T pin to the IOB pad through the output buffer of an IOB pad,
when 3-state is disabled. The delay varies depending on the SelectlO capability of the output buffer.
In HR I/O banks, the IN_TERM termination turn-on time is always faster than T;otp when the
INTERMDISABLE pin is used.
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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

Table 19: Input Delay Measurement Methodology (Cont’d)

Description I/O Standard Attribute AR vy VimeasPI®) | Vgee2)4)
PPDS_25 PPDS_25 1.25 -0.125 | 1.25 + 0.125 0 -
RSDS_25 RSDS_25 1.25 -0.125 | 1.25 + 0.125 0 -
TMDS_33 TMDS_33 3-0.125 3+ 0.125 o® -
Notes:

1. Input waveform switches between V| and V.
2. Measurements are made at typical, minimum, and maximum Vggr values. Reported delays reflect worst case of these measurements. Vggr

values listed are typical.

3. Input voltage level from which measurement starts.
4. This is an input voltage reference that bears no relation to the Vggr / Veas parameters found in IBIS models and/or noted in Figure 1.

5. The value given is the differential input voltage.
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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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Input/Output Logic Switching Characteristics

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

Table 21: ILOGIC Switching Characteristics

Vceant Operating Voltage and
Speed Grade

Symbol Description 1.0V 0.95V Units
-2 -1 -1L
Setup/Hold
Tice1ck/Tickcer | CEL pin setup/hold with respect to CLK. 0.54/0.02 | 0.76/0.02 | 0.76/0.02 ns
Tisrek/ Ticksr SR pin setup/hold with respect to CLK. 0.70/0.01 | 1.13/0.01 | 1.13/0.01 ns
Ti0ek/TI0CKD gef’a'l; setup/hold with respect to CLK without 0.01/0.29 | 0.01/0.33 | 0.01/0.33 | ns
Ti0oekn/ TIOCKDD DDLY pin setup/hold with respect to CLK (using 0.02/0.29 | 0.02/0.33 | 0.02/0.33 ns
IDELAY).
Combinatorial
Tipi D pin to O pin propagation delay, no delay. 0.11 0.13 0.13 ns
DDLY pin to O pin propagation delay (using
TiDID IDELAY). 0.12 0.14 0.14 ns
Sequential Delays
TioLo D pin to Q1 pin using flip-flop as a latch without 0.44 0.51 0.51 ns
delay.
DDLY pin to Q1 pin using flip-flop as a latch (using
TibLoD IDELAY). 0.44 0.51 0.51 ns
Tickao CLK to Q outputs. 0.57 0.66 0.66 ns
TRQ_lLOG|C SR pln to OQ/TQ out. 1.08 1.32 1.32 ns
TesrQ_ILoGIC Global set/reset to Q outputs. 7.60 10.51 10.51 ns
Set/Reset
Trrw_ILOGIC Minimum pulse width, SR inputs. 0.72 0.72 0.72 ns, Min
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{ XI LI NX Spartan-7 FPGAs Data Sheet: DC and AC Switching Characteristics
- ®

DSP48E1 Switching Characteristics

Table 31: DSP48E1 Switching Characteristics

Vcant Operating

Voltage and Speed
Symbol Description Grade Units
1.0v 0.95Vv

-2 -1 -1L
Setup and Hold Times of Data/Control Pins to the Input Register Clock
Tosppck_a_arec/ A input to A register CLK. 0.30/) 0.37/1 0.37/ ns
Tbspckp A AREG 0.13 | 0.14 | 0.14
Tospock_s_sre/ B input to B register CLK. 0.38/ | 0.45/ | 0.45/ ns
TbspPckp_B_BREG 0.16 | 0.18 | 0.18
Tospbck_c_crec/ . , 0.20/ | 0.24/ | 0.24/

—— C input to C register CLK. ns
Tbspckp_c_CREG P 9 0.19 | 0.21 | 0.21
Tpspbock_D_bREG! . , 0.32/ | 0.42/ | 0.42/

—— D input to D register CLK. ns
TpspckD_D_DREG P 9 0.27 | 0.27 | 0.27
Tospock_acin_aree/ ACIN input to A register CLK. 0.27/ | 0.32/ | 0.32/ ns
TbsPckD_ACIN_AREG 0.13 0.14 0.14
Tbsppck_BeIN_eres/ BCIN input to B register CLK. 0.29/1 0.36/ | 0.36/ ns

TbspckD_BCIN_BREG 0.16 0.18 0.18

Setup and Hold Times of Data Pins to the Pipeline Register Clock

TDSPDCK {A, B}_MREG MULT/ {A, B} input to M register CLK USing 2.76/ 3.29/ 3.29/

— ’ —_— —_— . . ns
TpspPckD_{A, B} MREG_MULT multiplier. -0.01 | —0.01 | —-0.01
Tospock_{a, D}_ADREG! {A, D} input to AD register CLK. 1.48/ | 1.76/ | 1.76/ ns
TbspPckp_{A, D} ADREG -0.02 | -0.02 | -0.02
Setup and Hold Times of Data/Control Pins to the Output Register Clock
Tbsppock_{A, B} _PREG_MuULT/ {A, B} input to P register CLK using 4.60/ | 5.48/ | 5.48/

_{A, B}_ _ = ns
Tbspckp_{A, B} _PREG_MULT multiplier. -0.28 | —0.28 | —0.28
Tpbspbck_b_PReG_MuLT/ - . . - 4.50/ | 5.35/ | 5.35/

—-— — D input to P register CLK using multiplier. ns
TDSPCKD_D_PREG_MULT P 9 P —-0.73 | -0.73 | —0.73
Tobspbck_{A, B} _PReG/ A or B input to P register CLK not using 1.98/ | 2.35/ | 2.35/ s
TDSPCKD_{A, B} PREG multlpller —-0.28 | —0.28 | —0.28
Tospock_c_pres/ C input to P register CLK not using multiplier. 1.v6/ | 2.10/ ) 2.10/ ns
TbspckD_C_PREG —0.26 | —0.26 | —0.26
Tosppck_pcin_preG/ PCIN input to P register CLK. 1.51//) 1.80/ | 1.80/ ns
TbspckD_PCIN_PREG —-0.15 | —0.15 | -0.15
Setup and Hold Times of the CE Pins
TpspDCK_{CEA;CEB}._{AREG:BREGY {CEA; CEB} input to {A; B} register CLK. 0.42/) 0.52/ 1 0.52/ |
TbsPckD_{CEA;CEB} {AREG;BREG} 0.08 | 0.11 | 0.11
T . . .34 42 42

DSPDCK—CEC—CREG/ CEC input to C register CLK. 0.34/ 1 0.42/ | 0.42/ ns
TbspPckD_CEC_CREG 0.11 | 0.13 | 0.13
Tbsppck_cep_prec/ CED input to D register CLK. 0.43/°) 0.52/] 0.52/ ns

—-0.03 | —-0.03 | —-0.03

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

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

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

Revision History

The following table shows the revision history for this document:

Date

Version

Description of Revisions

07/31/2018

1.7

In Table 12, updated Vivado tools version to 2018.2.1. In Table 13, moved all speed
grades for all devices to Production. In Table 14, added Vivado tools version for
XC7S6, XC7S15, XC7S75, XC7S100, XA7S6, XA7515, XA7S75, and XA7S100.

06/18/2018

1.6

In Table 12, updated Vivado tools version to 2018.2. In Table 13, moved all speed
grades except -1Q (1.0V) for XC7S6 and XC7S15 to Production. In Table 14, added
Vivado tools version for XC7S6 and XC7S15.

04/04/2018

1.5

Added XA7S6, XA7S15, XA7S25, XA7S75, and XA7S100 devices throughout. In
Table 5, updated typical quiescent supply current values for XC7S25 and XC7S50
devices, and added values for XC7S6, XC7S15, XC7S75, and XC7S100 devices. In
Table 6, updated table title and lcointvin @Nd lecauxmin for XC7S75 and XC7S100
devices. In Table 13, moved all speed grades for XC7S6 and XC7S15 to Preliminary,
moved -1LI (0.95V) speed grade for XC7S25 to Production, and moved all speed
grades except -1Q (1.0V) for XC7S75 and XC7S100 from Preliminary to Production.
In Table 14, added Vivado tools version for XC7S25, XC7S75, and XC7S100. In
Table 36, Table 39, Table 40, Table 41, Table 42, Table 44, Table 45, and Table 46,
changed parameter value for XA7S50 to N/A. In Table 49, added package skew
values for XC7S6 and XC7S15 devices.

12/22/2017

1.4

In Table 12, updated Vivado tools version to 2017.4. In Table 13, moved all speed
grades for XC7S75 and XC7S100 from Advance to Preliminary and all speed grades
except -1LI (0.95V) for XC7S25 from Advance to Production. In Table 14, added
Vivado tools version for XC7S25. Added Note 2 to Table 16. In Table 49, added
package skew values for XC7S25 device in CSGA324 package and XC7S75 and
XC7S100 devices in FGGA676 package.

11/20/2017

1.3

Added XA7S50 device throughout. Updated description of offered temperature
ranges in second paragraph of Introduction. Added row for junction temperature (T;)
at expanded (Q) temperature to Table 2. Added -1Q (1.0V) speed grade to Table 5,
and Table 13 to Table 16. In Table 12, updated Vivado tools version to 2017.3. In
Table 49, added package skew values for XC7S25, XC7S50, XC7S75, and XC7S100
devices in CSGA225, FTGB196, and FGGA484 packages. Added XA Spartan-7
Automotive FPGA Data Sheet: Overview (DS171) to References.

06/20/2017

1.2

Updated paragraph before Table 6. In Table 12, updated Vivado tools version to
2017.2. In Table 13, moved all speed grades for XC7S50 from Preliminary to
Production and updated Note 1. In Table 14, added Vivado tools version for XC7S50.
In Table 49, added package skew value for XC7S50 device in FGGA484 package.

04/07/2017

1.1

Added 1.35V to Note 5 in Table 2. In Table 12, updated Vivado tools version to
2016.4. In Table 13, moved all speed grades for XC7S50 from Advance to
Preliminary. Removed SFI-4.1 and SPI-4.2 from descriptions of SDR LVDS receiver
and DDR LVDS receiver, respectively, in Table 15. In Table 25, changed
TIDELAYRESOLUTION Units from ps to ps. Removed BUFMR from Note 1 in Table 34. In
Table 49, replaced TQGA144 with FTGB196 for XC7S6, XC7S15, and XC7S25
devices, added FTGB196 package for XC7S50 device, and added package skew value
for XC7S50 device in CSGA324 package.

09/27/2016

1.0

Initial Xilinx release.
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