Spartan-3 FPGA Family: DC and Switching Characteristics

Timing Measurement Methodology

When measuring timing parameters at the programmabile 1/Os, different signal standards call for different test conditions.
Table 48 presents the conditions to use for each standard.

The method for measuring Input timing is as follows: A signal that swings between a Low logic level of V| and a High logic
level of V is applied to the Input under test. Some standards also require the application of a bias voltage to the Vggf pins
of a given bank to properly set the input-switching threshold. The measurement point of the Input signal (V,,) is commonly
located halfway between V| and V.

The Output test setup is shown in Figure 35. A termination voltage V+ is applied to the termination resistor Ry, the other end
of which is connected to the Output. For each standard, Rt and V1 generally take on the standard values recommended for
minimizing signal reflections. If the standard does not ordinarily use terminations (e.g., LVCMOS, LVTTL), then Ry is set to
1MQ to indicate an open connection, and Vy is set to zero. The same measurement point (V) that was used at the Input is
also used at the Output.
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Figure 35: Output Test Setup

Table 48: Test Methods for Timing Measurement at 1/0s

Signal Standard Inputs Outputs Ingltnltt;uat:d
(IOSTANDARD)

Veer(V) | VL(V) [ Vh(v) Rr(Q | vr(V) Vi (V)
Single-Ended
GTL 0.8 Vgeg — 0.2 VRer + 0.2 25 1.2 VRer
GTL_DCI 50 1.2
GTLP 1.0 Vgeg — 0.2 VRer + 0.2 25 1.5 VRer
GTLP_DCI 50 1.5
HSLVDCI_15 0.9 Vgeg - 0.5 VRer + 0.5 1M 0 0.75
HSLVDCI_18 0.90
HSLVDCI_25 1.25
HSLVDCI_33 1.65
HSTL_I 0.75 Vgeg - 0.5 VRee + 0.5 50 0.75 VRer
HSTL_I_DCI
HSTL_III 0.90 Vgeg - 0.5 VRee + 0.5 50 15 VRer
HSTL_III_DCI
HSTL_I_18 0.90 Vgeg - 0.5 Vgee + 0.5 50 0.9 VRer
HSTL_I_DCI_18
HSTL_II_18 0.90 Vgeg — 0.5 Vger + 0.5 50 0.9 VREr
HSTL_II_DCI_18
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Table 48: Test Methods for Timing Measurement at I1/0s (Contd)

Inputs and
Signal Standard Inputs Outputs Oputputs
(IOSTANDARD)
VRer (V) VL (V) Vi (V) Rr(Q) V1 (V) Vi (V)
DIFF_SSTL2_II - Viem—-075 | Viom +0.75 50 125 View
DIFF_SSTL2_lI_DCI

Notes:

1. Descriptions of the relevant symbols are as follows:
VREF — The reference voltage for setting the input switching threshold
VICM — The common mode input voltage
VM — Voltage of measurement point on signal transition
VL — Low-level test voltage at Input pin
VH — High-level test voltage at Input pin
RT — Effective termination resistance, which takes on a value of 1MW when no parallel termination is required

VT — Termination voltage
2. The load capacitance (CL) at the Output pin is 0 pF for all signal standards.
3. According to the PCI specification.

The capacitive load (C,) is connected between the output and GND. The Output timing for all standards, as published in the speed files
and the data sheet, is always based on a C|_value of zero. High-impedance probes (less than 1 pF) are used for all measurements.
Any delay that the test fixture might contribute to test measurements is subtracted from those measurements to produce the
final timing numbers as published in the speed files and data sheet.

Using IBIS Models to Simulate Load Conditions in Application

IBIS Models permit the most accurate prediction of timing delays for a given application. The parameters found in the IBIS
model (Vger Rrer and Vyeas) correspond directly with the parameters used in Table 48, V4, Ry, and V. Do not confuse
Vger (the termination voltage) from the IBIS model with Vg (the input-switching threshold) from the table. A fourth
parameter, Creg is always zero. The four parameters describe all relevant output test conditions. IBIS models are found in
the Xilinx development software as well as at the following link.

Simulate delays for a given application according to its specific load conditions as follows:

1. Simulate the desired signal standard with the output driver connected to the test setup shown in Figure 35. Use
parameter values Vy, Ry, and V), from Table 48. Cggf is zero.

2. Record the time to V).

3. Simulate the same signal standard with the output driver connected to the PCB trace with load. Use the appropriate IBIS
model (including VRer Rrers Crer and Vyeas Values) or capacitive value to represent the load.
Record the time to Vyeas.

5. Compare the results of steps 2 and 4. The increase (or decrease) in delay should be added to (or subtracted from) the
appropriate Output standard adjustment (Table 47) to yield the worst-case delay of the PCB trace.
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Simultaneously Switching Output Guidelines

This section provides guidelines for the maximum allowable number of Simultaneous Switching Outputs (SSOs). These
guidelines describe the maximum number of user I/O pins, of a given output signal standard, that should simultaneously
switch in the same direction, while maintaining a safe level of switching noise. Meeting these guidelines for the stated test
conditions ensures that the FPGA operates free from the adverse effects of ground and power bounce.

Ground or power bounce occurs when a large number of outputs simultaneously switch in the same direction. The output
drive transistors all conduct current to a common voltage rail. Low-to-High transitions conduct to the V¢ rail; High-to-Low
transitions conduct to the GND rail. The resulting cumulative current transient induces a voltage difference across the
inductance that exists between the die pad and the power supply or ground return. The inductance is associated with
bonding wires, the package lead frame, and any other signal routing inside the package. Other variables contribute to SSO
noise levels, including stray inductance on the PCB as well as capacitive loading at receivers. Any SSO-induced voltage
consequently affects internal switching noise margins and ultimately signal quality.

Table 49 and Table 50 provide the essential SSO guidelines. For each device/package combination, Table 49 provides the
number of equivalent Voco/GND pairs. The equivalent number of pairs is based on characterization and will possibly not
match the physical number of pairs. For each output signal standard and drive strength, Table 50 recommends the maximum
number of SSOs, switching in the same direction, allowed per Vco/GND pair within an 1/0 bank. The Table 50 guidelines
are categorized by package style. Multiply the appropriate numbers from Table 49 and Table 50 to calculate the maximum
number of SSOs allowed within an 1/0 bank. Exceeding these SSO guidelines may result in increased power or ground
bounce, degraded signal integrity, or increased system jitter.

SSOpax/10 Bank = Table 49 x Table 50

The recommended maximum SSO values assume that the FPGA is soldered on the printed circuit board and that the board
uses sound design practices. The SSO values do not apply for FPGAs mounted in sockets, due to the lead inductance
introduced by the socket.

The number of SSOs allowed for quad-flat packages (VQ, TQ, PQ) is lower than for ball grid array packages (FG) due to the
larger lead inductance of the quad-flat packages. Ball grid array packages are recommended for applications with a large
number of simultaneously switching outputs.

Table 49: Equivalent Vcco/GND Pairs per Bank

Device vQ100 | CP132(N@ | TQ144(") | PQ208 | FT256 | FG320 | FG456 | FG676 | FG900 | FG1156()
XC3S50 1 1.5 1.5 2 - - - = = -
XC35200 1 = 1.5 2
XC3S400 = = 1.5 2
XC3S1000 - - = -
XC351500 = - = — —
XC3S2000 - - - = — —
XC354000 - - - = = — -
XC3S5000 = - - = = — -
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HCEE90ATY1440-551 2 2001+ TeFP 2315
AC55904TO144 2001+ TQFF 2315
AC53904TH 2001+ PLCCE4 2315
ACEE90APOGTE0C 2001+ LFF 2315
AC53904PO1 60T 2001+ A 2315
EC33904APQ1600-5231 2001+ LFF 2315
ECEE90APLT G0 2001+ A 2315
ACE3904PQ1A0 2001+ P 2315
AC5390-aPR160] 2001+ A 2315
AC5390-5PQ1680C 2001+ LFF 2315
AC3390-5PCE4C 2001+ FLCC 2315
ACE390-50PQ160C 2001+ LFPZBEE-160 2315
AC53390-5075FP17a0C 2001+ FECGA 2315
AC5390-5001FF175C 2001+ P4 2315
AC3390-5000FF1 72l 2001+ Piza 2315
ACE390-10PQ160C 2001+ P 2315
5590 2001+ Biz4 2315
ACE342THPCE4C0-203% 2001+ PLCC 2315
AC534ETH-PCE4C 2001+ FLCC 2315
ACS342TNPCE4C 2001+ FLCC 2315
ACE342THPCE 2001+ FLCC 2315
ACS342TN-527YrPCE4 2001+ PLCC 2315
AC5342TH-51 20PCE4 2001+ FLCC 2315
AC5342TH-5080PCE4 2001+ PLCC 2315
ACE34ETH-0052PC84-15 2001+ FLCC 2315
AC5342TH-5018PCE4 2001+ PLCC 2315
AC534E2TH-001 2PC54 2001+ FLCC 2315
AC5342TH-3504EE 2001+ FLCC 2315
EC3342PRG100C 2001+ P 2315
ACEE42PI100I-5088 2001+ 4 2315
EC3342PQ100T2081 2001+ B4 2315
ACEE42-PRIOOI-50FT 2001+ GLEP10O0 2315
ACE542-pRlool 2001+ B4 2315
iCaad4Lpalonl 2001+ P 2315
ACEE4EPQ1 0005500 2001+ BG4 2315
ALEE42-PR1O0C—5080 2001+ P 2315
EC3342-PR100CH0D] 2001+ B4 2315
HCEE42PR1000-5051 2001+ ) 2315
ACE54EPQ100C-50355 2001+ N4 2315
ACEE42PR1000-5014 2001+ P 2315
ACEE4EPQ100C-500% 2001+ P 2315
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