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Electrical Characteristics

Operating Conditions

When Stratix® Il devices are implemented in a system, they are rated according to a
set of defined parameters. To maintain the highest possible performance and
reliability of Stratix III devices, system designers must consider the operating
requirements discussed in this chapter. Stratix III devices are offered in both
commercial and industrial grades. Commercial devices are offered in -2 (fastest), -3,
—4 and —4L speed grades. Industrial devices are offered only in -3, -4, and —4L speed
grades.

In this chapter, a prefix associated with the operating temperature range is attached to
the speed grades; commercial with “C” prefix and industrial with “I” prefix.
Commercial devices are therefore indicated as C2, C3, C4, and C4L per respective
speed grades. Industrial devices are indicated as I3, I4, and I4L.

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for Stratix III
devices. The values are based on experiments conducted with the device and
theoretical modeling of breakdown and damage mechanisms. The functional
operation of the device is not implied at these conditions. Conditions beyond those
listed in Table 1-1 may cause permanent damage to the device. Additionally, device
operation at the absolute maximum ratings for extended periods may have adverse
effects on the device.

Table 1-1. Stratix I/l Device Absolute Maximum Ratings (Note 1) (Part 1 of 2)

Symbol Parameter Minimum Maximum Unit
Voo Selectable core voltage power supply -0.5 1.65 V
Ve I/0 registers power supply -0.5 1.65 V
Voo i PLL digital power supply -0.5 1.65 V
Veoapie PLL analog power supply -0.5 3.75 V
Veeer Programmable power technology power supply -0.5 3.75 V
Veorem Configuration pins power supply -0.5 3.9 V
Veero I/0 pre-driver power supply -0.5 3.9 v
Veeo I/0 power supply -0.5 3.9 V
Vee cukn Differential clock input power supply (top and bottom I/0 -0.5 3.75 v
banks only)
Vecear Battery back-up power supply for design security volatile -0.5 3.75 v
key register
vV, DC Input voltage -0.5 4.0 V
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Table 1-1. Stratix |ll Device Absolute Maximum Ratings (Nofe 7) (Part 2 of 2)

Symbol Parameter Minimum Maximum Unit
T, Operating junction temperature -55 125 °C
lour DC output current, per pin -25 40 mA
Tere Storage temperature (No bias) -65 150 °C

Note to Table 1-1:

(1) Supply voltage specifications apply to voltage readings taken at the device pins, not the power supply.

Maximum Allowed Overshoot/Undershoot Voltage

During transitions, input signals may overshoot to the voltage shown in Table 1-2 and
undershoot to -2.0 V for input currents less than 100 mA and periods shorter than
20 ns.

Table 1-2 lists the maximum allowed input overshoot voltage and the duration of the
overshoot voltage as a percentage over the lifetime of the device. The maximum
allowed overshoot duration is specified as percentage of high-time over the lifetime of
the device.

A DC signal is equivalent to 100 % duty cycle. For example, a signal that overshoot to
4.2V can only be at 4.2 V for 15.8 % over the lifetime of the device; for device lifetime
of 10 years, this amounts to 15.8/10ths of a year. Figure 1-1 shows the way to
determine the overshoot duration.

Figure 1-1. Overshoot Duration

Figure 1-1 shows the methodology to determine the overshoot duration. In the
example shown in Figure 1-1, the overshoot voltage is shown in red and is present at
the Stratix III pin, up to 4.1 V. From Table 1-2, for an overshoot of up to 4.1 V, the
percentage of high time for overshoot > 3.15 V can be as high as 46% over an 11.4-year
period. The percentage of high time is calculated as (delta T/T) * 100. This 11.4-year
period assumes the device is always turned on with 100% 1/O toggle rate and 50%
duty cycle signal. For lower I/O toggle rates and situations where the device is in an
idle state, lifetimes are increased.
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Table 1-2. Maximum Allowed Overshoot During Transitions
Overshoot duration as % of
Symbol Parameter Condition high time Unit
Vi (AC) AC Input Voltage (7) 4 100.000 %
4.05 79.330 %
4.1 46.270 %
415 27.030 %
4.2 15.800 %
4.25 9.240 %
4.3 5.410 %
4.35 3.160 %
4.4 1.850 %
4.45 1.080 %
4.5 0.630 %
4.55 0.370 %
4.6 0.220 %
4.65 0.130 %
4.7 0.074 %
4.75 0.043 %
4.8 0.025 %
4.85 0.015 %

Note to Table 1-2:

(1) This input voltage is regardless of the Vg0 Supply which is used to power up the input buffer.

Recommended Operating Conditions

This section lists the functional operation limits for AC and DC parameters for

Stratix III devices. The steady-state voltage and current values expected from
Stratix III devices are provided in Table 1-3. All supplies are required to
monotonically reach their full-rail values within tRAMP. Maximum allowed ripple on
power supplies is bounded by the minimum and maximum specifications listed in

Table 1-3.

Table 1-3. Stratix |ll Device Recommended Operating Conditions (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Selectable core voltage power supply for — 1.05 1.1 1.15 v
v internal logic and input buffers
- Selectable core voltage power supply for — 0.86 09 0.94 v
internal logic and input buffers
Vee I/0 registers power supply — 1.05 1.1 1.15 V
Veen_pu PLL digital power supply — 1.05 1.1 1.15 v
Veearw PLL analog power supply — 2.375 2.5 2.625 v
N Power supply for the programmable power — 2.375 2.5 2.625 vV
ocPT technology
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Table 1-3. Stratix |1l Device Recommended Operating Conditions (Part 2 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Configuration pins power supply, 3.3V — 3.135 3.3 3.465 v
v Configuration pins power supply, 3.0 V — 2.85 3 3.15 v
e Configuration pins power supply, 2.5V — 2.375 2.5 2.625 v
Configuration pins power supply, 1.8 V — 1.71 1.8 1.89 v
I/0 pre-driver power supply, 3.3V — 3.135 3.3 3.465 V
Voo (1) I/0 pre-driver power supply, 3.0 V — 2.85 3 3.15 V
/0 pre-driver power supply, 2.5V — 2.375 2.5 2.625 V
I/0 power supply, 3.3V — 3.135 3.3 3.465 v
I/0 power supply, 3.0 V — 2.85 3 3.15 V
v I/0 power supply, 2.5V — 2.375 2.5 2.625 v
e 1/0 power supply, 1.8V — 1.71 1.8 1.89 v
I/0 power supply, 1.5V — 1.425 1.5 1.575 v
I/0 power supply, 1.2V — 1.14 1.2 1.26 v
Differential clock input power supply (top and — 2.375 2.5 2.625 v
Voo ouan bottom 1/0 banks only)
N Battery back-up power supply for design — 1.0 3.0 3.3 v
coeAT security volatile key register
vV, DC Input voltage — -0.3 — 3.6 v
Vo Output voltage — 0 — VCCIO v
Operating junction temperature For commercial 0 — 85 °C
T use
’ For industrial -40 — 100 °C
use(2)
Power Supply Ramptime (For Vi) Normal POR 50 us — 5ms —
(PORSEL=0)
Fast POR 50 us — 5ms —
) (PORSEL=1)
e Power Supply Ramptime (For all power Normal POR 50 us — 100 ms —
supplies except Veeer) (PORSEL=0)
Fast POR 50 us — 12 ms —
(PORSEL=1)

Notes to Table 1-3:

(1) Veeppis 2.5V, 3.0V, or 3.3 V. For a 3.3-V 1/0 standard, Vpp=3.3 V. For a 3.0-V 1/0 standard, Veep = 3.0 V. For a 2.5 V or lower 1/0 standard,
VCCPD = 25 V

(2) Forthe EP3SL340, EP3SE260, and EP3SL200 devices in the I4L ordering code, the industrial junction temperature range is from 0° C to
100° C, regardless of supply voltage.

DC Characteristics

This section lists the input pin capacitances, on-chip termination tolerance, and
hot- socketing specifications.
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Supply Current

Standby current is the current the device draws after the device is configured with no
inputs/outputs toggling and no activity in the device. Since these currents vary
largely with the resources used, use the Excel-based Early Power Estimator (EPE) to
get supply current estimates for your design.

Table 14 lists supply current specifications for Vec cixny and Veepew. Use the EPE to get
supply current estimates for remaining power supplies.

Table 1-4. Supply Current Specifications for Vg crin and Vecpgm

Symbol Parameter Min Max Unit
[ Ve cn CUTTent specifications 0 250 mA
logm Veerau current specifications 0 250 mA
1/0 Pin Leakage Current
Table 1-5 defines Stratix III I/O Pin leakage current specifications.
Table 1-5. Stratix Ill /0 Pin Leakage Current (Note 1), (2)
Symbol Parameter Conditions Min | Typ | Max | Unit
I, Input Pin Leakage Current V, = Veeomx 10 0V -10 — 10 pA
loz Tri-stated I/0 Pin Leakage Vo =Vegoux 100V -10 — 10 pA
Current

Notes to Table 1-5:

(1) This value is specified for normal device operation. The value may vary during power-up. This applies for all Vo
settings (3.3, 3.0, 2.5,1.8,1.5,and 1.2 V).

(2) 10-pA1/0 leakage current limit is applicable when the internal clamping diode is off. A higher current can be
observed when the diode is on.

Bus Hold Specifications

Table 1-7 shows the Stratix III device family bus hold specifications.

Table 1-6. Bus Hold Parameters

vccm
1.2v 1.5V 1.8V 2.5V 3.0V/3.3V

Parameter Symbol Conditions Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Unit
Low sustaining Isust ViV 22.5 — 25.0 — 30.0 — 50.0 — 70.0 — HA
current (maximum)

High sustaining IsusH Vi<V 225 — |-250| — |-300| — |-500| — |-70.0 | — HA
current (minimum)

Low overdrive loL 0V<V<Veeio — 120 — 160 — 200 — 300 — 500 HA
current

High overdrive loo O0V<Vin<Veeo — | 120 | — | -160 | — | -200 | — | -300 | — | -500 | uA
current

Bus-hold trip Vire 045 | 095 | 0.50 | 1.00 | 0.68 | 1.07 | 0.70 | 1.70 | 0.80 | 2.00 | V
point
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On-Chip Termination (OCT) Specifications

If OCT calibration is enabled, calibration is automatically performed at power-up for
I/0Os connected to the calibration block. Table 1-7 lists the Stratix III OCT calibration
block accuracy specifications.

Table 1-7. Stratix Il On-Chip Termination Calibration Accuracy Specifications  (Note 1), (2)

Calibration
Accuracy
C3, | G4,
Symbol Description Conditions c2 | BB 14 | Unit
25-Q R Internal series termination with Veeo = #8 | 8 | #8 %
3.3/3.0/2.5/1.8/1.5/1.2 calibration (25-Q setting) 3.3/3.0/2.5/1.8/1.5/1.2V
50-Q Rq Internal series termination with Vego = +§ | 8 | 8 %
3.3/3.0/2.5/1.8/1.5/1.2 calibration (50-Q2 setting) 3.3/3.0/2.5/1.8/1.511.2V
50-Q R; 2.5/1.8/1.5/1.2 Internal parallel termination with Voo = 2.5/1.8/1.5/1.2V #10 | 210 | 210 | %
calibration (50-Q setting)

Notes to Table 1-7:

(1) OCT calibration accuracy is valid at the time of calibration only.
(2) The calibration accuracy stated in the table apply to both commercial and industrial grade.

The accuracy listed in Table 1-7 is valid at the time of calibration. If the voltage or
temperature changes, the termination resistance value varies. Table 1-8 lists the
resistance tolerance for Stratix III on chip termination.

Table 1-8. Stratix Il On-Chip Termination Resistance Tolerance Specification for 1/0s  (Nofe 1) (Part 1 of 2)

Resistance
Tolerance
C3, | C4,
Symbol Description Conditions c2 | 13 14 | Unit
Rocr unea Internal series termination without —
calibration
25-Q RS 3.3/3.0/2.5 Internal series termination without | Vo = 3.3/3.0/2.5V #30 |40 | 240 | %
calibration (25-Q setting)
25-Q RS 1.8/1.5 Internal series termination without | Vego=1.8/1.5V +30 [ +50 |50 | %
calibration (25-Q2 setting)
25-QRS 1.2 Internal series termination without | Vego=1.2V +35 [ +60 | +60 | %
calibration (25-Q setting)
50-Q RS 3.3/3.0/2.5 Internal series termination without | Vo = 3.3/3.0/2.5V +30 |40 | +40 | %
calibration (50-Q setting)
50-Q RS 1.8/1.5 Internal series termination without | Vo =1.8/1.5V +30 |50 |50 | %
calibration (50-Q setting)
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Table 1-8. Stratix Il On-Chip Termination Resistance Tolerance Specification for 1/0s  (Note 1) (Part 2 of 2)
Resistance
Tolerance
C3, | C4,
Symbol Description Conditions C2 | I3 | 14 | Unit
50-Q RS 1.2 Internal series termination without Voo =1.2V £35 [ 60 |60 | %
calibration (50-Q setting)
Rocr oa Internal series termination with (2)
calibration
Ro Internal differential termination for Veeo=2.5V -15t0 35 %
LVDS technology (1000-Q2 setting)

Notes to Table 1-8:

(1) The calibration accuracy stated in the table applies to both commercial and industrial grade.
(2) For resistance tolerance after power-up calibration, refer to Equation 1-1 and Table 1-9.

Table 1-9 lists OCT variation with temperature and voltage after power-up

calibration. Use Table 1-9 and Equation 1-1 to determine OCT variation without re-
calibration.

Equation 1-1. OCT Variation Without Re-Calibration (Notfe 1)

dR
Rocr = RCAL(]- T

Note to Equation 1-1:

(1) Rcac is calibrated on chip termination at power-up. AT and AV are variations in temperature and voltage w.r.t
temperature and V¢ g values respectively, at power-up.

x AT+

o,
av

v

Table 1-9. On-Chip Termination Variation after Power-up Calibration (Nofe 1)
Veeo Commerci
Symbol Description (\')] al Typical Unit
dR/dV OCT variation with voltage without re- 3 0.029 %/mV
calibration 25 0.036 %/mV
1.8 0.033 %/mV
15 0.033 %/mV
1.2 0.033 %/mV
dR/dT OCT variation with temperature without 3 0.294 %/°C
re-calibration 25 0.301 %/°C
1.8 0.355 %/°C
15 0.344 %/°C
1.2 0.348 %/°C

Note to Table 1-9:
(1) Valid for Vo range of +/- 5% and temperature range of 0° to 85° C.

Pin Capacitance

Table 1-10 shows the Stratix III device family pin capacitance.
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Table 1-10. Stratix Il Device Capacitance

Symbol Parameter Typical Unit
Ciors Input capacitance on top/bottom 1/0 pins 4 pF
Ciotn Input capacitance on left/right I/0 pins 4 pF
Cewre Input capacitance on top/bottom non- 4 pF

dedicated clock input pins
Corxir Input capacitance on left/right non-dedicated 4 pF
clock input pins
Courrs Input capacitance on dual-purpose clock 5 pF
output/feedback pins
Cewi> Ceuks, Cowss and | Input capacitance for dedicated clock input 2 pF
CGLKWO pins

Hot-Socketing
Table 1-11 lists the hot-socketing specifications for Stratix III devices.

Table 1-11. Stratix Il Hot-Socketing Specifications

Symbol Parameter Maximum
loen(DC) DC current per 1/0 pin 300 pA
l,oem(AC) AC current per 1/0 pin 8 mAfor<10ns

Internal Weak Pull-Up Resistor

Table 1-12 lists the weak pull-up resistor values for Stratix III devices.

Table 1-12. Stratix Il Internal Weak Pull-Up Resistor (Note 1), (3)

Symbol Parameter Conditions Min Typ Max Unit
Rey Value of 1/0 pin pull-up | Vgo=3.3V £5% (2) — 25 — kW
resistor before and VCCIO =30V +5% (2) _ 25 _ kW
during configuration, as .
well as user mode if the | Veao =25V £5% (2) — 25 — kW
programmable pull-up | Vego=1.8V 5% (2) — 25 — kW
resistor optlon IS VCCIO =15V +5% (2) _ 25 _ kW
enabled
Voo =12V £5% (2) — 25 — kW

Notes to Table 1-12:
(1) All'l/O pins have an option to enable weak pull-up except configuration, test, and JTAG pin.
(2) Pin pull-up resistance values may be lower if an external source drives the pin higher than Vggq.

(3) The internal weak pull-down feature is only available for JTAG TCK pin. The typical value for this internal weak
pull-down resistor is around 25k Q3 .

1/0 Standard Specifications

The following tables list input voltage sensitivities (Vy; and Vi), output voltage (Vou
and V), and current drive characteristics (Ioy; and I,;) for all I/O standards
supported by Stratix III devices. Table 1-13 through Table 1-18 show the Stratix III
device family I/O standard specifications. Refer to “Glossary” for explanation of
terms used in the Table 1-14 through Table 1-18. Vo, and Vo values are valid at the
corresponding I, and Iy, respectively.
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Table 1-13. Single-Ended 1/0 Standards Specifications
Veeo (V) Vi (V) Vi (V) Vo (V) Vou (V) oL | 1on
1/0 Standard | Min | Typ | Max | Min Max Min Max Max Min (mA) | (mA)
3.3-V LVTTL 3135 | 33 |3465|-03 0.8 1.7 3.6 0.4 2.4 2 -2
3.0-V LVTTL 2.85 3 315 | -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
3.3-VLVCMOS | 3.135 | 3.3 |3.465|-0.3 0.8 1.7 3.6 0.2 Veeo - 0.2 0.1 -0.1
3.0-VLVCMOS | 2.85 3 315 | -0.3 0.8 1.7 3.6 0.2 Veeo - 0.2 01 -0.1
2.5-V LVTTL/ 2375 | 25 |2625|-0.3 0.7 1.7 3.6 0.2 2.1 0.1 -0.1
LVCMOS 25 |2625|-03| 07 17 3.6 0.4 2 1|
25 |2.625|-03 0.7 1.7 3.6 0.7 1.7 2 -2
1.8-VLVITL/ | 171 | 1.8 | 1.89 | -0.3 | 0.35 * Vigo | 0.65 * Vego | Voo + 0.3 0.45 Voo -0.45 | 2 -2
LVCMQS
15-VIVITL [ 1425 | 15 | 1575 [ 0.3 | 0.35* Vego | 0.65 * Voo | Veso+0.3 | 0.25 *Vego | 0.75 *Vego | 2 | -2
LVCMOS
1.2-V LVTTL/ 1.14 1.2 126 | -0.3 | 0.35* Vggo | 0.65 * Vo | Vego + 0.3 | 0.25 * Vg | 0.75 * Vegio 2 -2
LVCMOS
3.0-V PC 285 | 3 | 315 | — | 03*Vyo | 0.5* Vg 36 01* Voo | 09* Voo | 15 | -05
3.0-V PCI-X 285 | 3 [ 315 | — | 035* Ve | 0.5* Vi — 01*Vego | 09*Veeo | 15 | -05

Refer to the figure in “Single-Ended Voltage Referenced 1/0 Standard” in the
“Glossary” for voltage referenced receiver input waveform and explanation of terms
used in Table 1-14.

Table 1-14. Single-Ended SSTL and HSTL 1/0 Reference Voltage Specifications

"o Veen (V) Vee: (V) Vn (V)

Standard | Min | Typ Max Min Typ Max Min Typ Max
SSTL-2 2.375 | 2.5 2.625 0.49 * Voo 0.5 * Vegpo 0.51 * Vigo Veer - 0.04 Veer Ve + 0.04
CLASS I, Il
SSTL-18 1.71 1.8 1.89 0.833 0.9 0.969 Veer - 0.04 Veer Veer + 0.04
CLASS I, Il
SSTL-15 1425 |15 1.575 0.47 * Vego 0.5 * Vo 0.53 * Vo 0.47 * Vg Veer 0.53 * Vo
CLASS I, Il
CLASS I, Il
HSTL-15 1425 |15 1.575 0.68 0.75 0.9 — Veoo/2 —
CLASS I, 1l
HSTL-12 1.14 1.2 1.26 0.47 * Vgeo 0.5 * Vo 0.53 * Vg — Veeo/2 —
CLASS I, 1l

Table 1-15. Single-Ended SSTL and HSTL I/0 Standards Signal Specifications (Note 1) (Part 1 of 2)
|/0 vu.(nc) (V) vm(nc) (V) vll.(m:) (V) le(Ac) (V) vol. (V) vou (V) | 0|. |UH

Standard | Min Max Min Max Max Min Max Min (mA) | (mA)
SSTL-2 -0.3 | Vig-015 | Vee+0.15 Voo + 0.3 | Ve -0.31 | Vee+ 031 | VIT-0.57 | VIT+0.57 | 81 | -8.1
CLASS |
SSTL-2 -0.3 | Vig-015 | Vee+0.15 Voo +# 0.3 | Vagr-0.31 | Veee+0.31 | VTIT-0.76 | VIT+0.76 | 16.2 | -16.2
CLASS Il
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Table 1-15. Single-Ended SSTL and HSTL I/0 Standards Signal Specifications (Note 1) (Part 2 of 2)

vll.(lll:) (v) vlu(nc) (v) vII.(I\I:) (v) vIH(AD) (V) vl)l. (V) vl)l| (V)

1/0 oL | I
Standard | Min Max Min Max Max Min Max Min (mA) | (mA)
SSTL-18 -0.3 | Vig-0.125 | Ve +0.125 | Vigo+ 0.3 | Vi -0.25 | Ve +0.25 VTT - VTT + 6.7 | -6.7
CLASS | 0.475 0.475
SSTL-18 -0.3 Vigr -0.125 | Ve +0.125 Voo + 0.3 Vi -0.25 | Ve +0.25 0.28 Vewo -0.28 | 13.4 | -13.4
CLASS Il
SSTL-15 -0.3 Ve -0.1 Ve +0.1 Voo + 0.3 | Vagr -0.175 | Vo + 0175 | 0.2 * Vo 0.8 * Veeo 8 -8
CLASS |
SSTL-15 -0.3 Ve -0.1 Ve +0.1 Veeo + 0.3 Viegr 0175 | Veee + 0175 | 0.2 * Vg 0.8 * Vg 16 -16
CLASS Il
HSTL-18 -0.3 Ve -0.1 Ve +0.1 Voo + 0.3 Ve -0.2 Vegr + 0.2 0.4 Voo - 0.4 8 -8
CLASS |
HSTL-18 -0.3 Ve -0.1 Vegr +0.1 Voo + 0.3 Ve -0.2 Vegr + 0.2 0.4 Voo - 0.4 16 -16
CLASS Il
HSTL-15 -0.3 Ve -0.1 Ve +0.1 Voo + 0.3 Ve -0.2 Vegr + 0.2 04 Voo - 0.4 8 -8
CLASS |
HSTL-15 -0.3 Vege -0.1 Vege +0.1 Vego + 0.3 Veg 0.2 | Ve +0.2 0.4 Vego - 0.4 16 | -16
CLASS Il
HSTL-12 -0.15 | Vir -0.08 | Vg +0.08 Voo + 015 | Ve =015 | Ve +0.15 | 0.25* Vo | 0.75 * Vg 8 -8
CLASS |
HSTL-12 -0.15 | Vir -0.08 | Ve +0.08 Voo + 015 | Ve =015 | Ve + 0.15 | 0.25* Vo | 0.75 * Vg 16 -16
CLASS Il

Note to Table 1-15:

(1) Use current strength settings that are equal or larger than the Iq /g4 values listed to meet the Vg /Voy specifications for each line. OCT or lower
current strengths may provide better signal integrity and lower power.

Refer to the figures for “Differential I/O Standards” in “Glossary” for receiver input
and transmitter output waveforms, and for all differential I/O standards (LVDS,
mini-LVDS, RSDS). Ve cixn is the power supply for differential column clock input
pins. Veerp is the power supply for row 1/Os and all other column I/Os.

Table 1-16. Differential SSTL I/0 Standard Specifications

| / 0 vcclo (V) vSWIllG (bc) (V) vX (AC) (v) vSWINE(M:) (V) vﬂX (AC) (V)
Standard | Min | Typ | Max | Min | Max | Min Typ Max Min Max | Min Typ Max
SSTL-2 2375|125 (2625| 0.3 | Vego | Veeo2 | — Veao/2 062 | Veo | Veo2 | — | Vo2
CLASS 1, I +06 | -02 +02 +06 | -0.15 +0.15
SSTL-18 1.71 | 1.8 1.89 | 0.25 | Vg | Veoo/2 — Veao/2 0.5 Veco Veoo/2 — Veao/2
CLASS 1,1 +06 | -0.175 +0.175 +0.6 | -0.125 +0.125
SSTL-15 | 1425 |15 | 1575 | 0.2 | — — | Vo2 — 0.35 — — | Vw2 | —
CLASS I, Il
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Table 1-17. Differential HSTL I/0 Standards Specifications
VGGIU (V) vIlIF(DI:) (V) vX(AG) (V) VGM(DD) (v) vDIF(AB) (V)
1/0 Standard | Min | Typ | Max | Min | Max | Min Typ Max Min Typ Max | Min | Max
HSTL-18 171 {18189 |02 | — |0.78 — 1121 0.78 — 1.12 04 | —
CLASS I, Il
HSTL-15 1425| 15 (1575 02 | — |0.68 — 09 0.68 — 0.9 04 | —
CLASS I, 1l
HSTL-12 114 1 1.2 | 1.26 | 0.16 | Vg — | 05* Vo | — | 0.4* Vego | 0.5* Vo | 0.6* Ve | 0.3 Veco
CLASS I +0.3 +0.48
Table 1-18. Differential I/0 Standard Specifications
Veen (V) Vi (mV)(7) Viewue (V) Vu(V) (2) Voeu (V) (2)
/0 Ma Ma
Standard | Min | Typ | Max | Min | Condition | x | Min | Condition | Max | Min |Typ| x Min | Typ | Max
25VLVDS | 2.375|25| 2625|100 | Vey=1.25V | — | 0.05| D,,<700 | 1.8 | 0247 | — | 0.6 | 1.125 | 1.25| 1.375
(Row 1/0) (6) Mbps (6)
2375 |25| 2625|100 | V=125V | — |1.05| D,.>700 | 155 | 0.247 | — | 0.6 | 1.125 | 1.25 | 1.375
(6) Mbps (6)
25VLVDS | 2.375|25|2.625|100 | Vu=1.25V | — | 0.05 | D,. <700 18 | 0247 | — | 06| 1.0 |125]| 15
(Column 1/0) (6) Mbps (6)
2.375 | 25| 2625|100 | V=125V | — | 1.05 | D,.>700 | 155 | 0247 | — | 06| 1.0 [125| 15
(6) Mbps (6)
RSDS 2.375 25| 2625 | 100 | V=125V | — | 0.3 — 1.4 01 |(02|06| 05 |12 ]| 14
(Row 1/0)
RSDS 2.375 25| 2625|100 | V=125V | — | 0.3 — 1.4 01 |02|06| 05 |12 ]| 15
(Column 1/0)
Mini-LVDS | 2.375 | 2.5 | 2.625 | 200 — 600 | 0.4 — 1325 025 | — |06 | 05 | 12| 14
(Row 1/0)
Mini-LVDS | 2.375 | 2.5 | 2.625 | 200 — 600 | 0.4 — 1325 025 | — |06 | 05 |12 ]| 15
(Column 1/0)
LVPECL 2.375 | 2.5 | 2.625 | 300 — — | 0.6 | D700 | 1.8 — | = = — — | —
(3) ®) | 6| () Mbps (4)
2.375 | 2.5 | 2.625 | 300 — — | 1.0 | D,.>700 1.6 - | = — | — - | —
(65 | (5] (5 Mops | )

Notes to Table 1-18:

M
(2)
)

The minimum Vp value is applicable over the entire common mode range, Vey.
RL range: 90 <RL <110 Q2.
Column and row 1/0 banks support LVPECL I/0 standards for input operation only on dedicated clock input pins. Differential clock inputs in column 1/0 use

Ve cuan Which should be powered by 2.5 V. Differential clock inputs in row 1/0 are powered by Vegpp.

(4)

For data rate Dmax > 700 Mbps, the minimum input voltage is 0.85 V, the maximum input voltage is 1.75 V.

For data rate D,,,, < 700 Mbps, the minimum input voltage is 0.45 V, the maximum input voltage is 1.95 V.

(®)
(6)

Power supply for column I/0 LVPECL differential clock input buffer is Ve _cixn-
For data rate: Dmax > 700 Mbps, the minimum input voltage is 1.0 V, the maximum input voltage is 1.6 V.

For Dmax < 700 Mbps, the minimum input voltage is 0 V, the maximum input voltage is 1.85 V.
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Power Consumption

Altera offers two ways to estimate power for a design: the Excel-based Early Power
Estimator and the Quartusg II PowerPlay Power Analyzer feature.

The interactive Excel-based Early Power Estimator is typically used prior to designing
the FPGA in order to get a magnitude estimate of the device power. The Quartus II
PowerPlay Power Analyzer provides better quality estimates based on the specifics
of the design after the place-and-route is complete. The PowerPlay Power Analyzer
can apply a combination of user-entered, simulation-derived and estimated signal
activities which, combined with detailed circuit models, can yield very accurate
power estimates.

See Table 14 for supply current estimates for Vccpon and Ve cran. Use the EPE and
PowerPlay Power Analyzer for current estimates of remaining power supplies.

<o For more information about power estimation tools, refer to the PowerPlay Early Power
Estimator User Guide For Stratix IIl FPGAs and the PowerPlay Power Analysis chapter in
the Quartus Il Handbook.

Switching Characteristics

This section provides performance characteristics of Stratix III core and periphery
blocks for commercial grade devices.

These characteristics can be designated as Preliminary and Final and each
designation is defined below.

Preliminary

Preliminary characteristics are created using simulation results, process data, and
other known parameters.

Final

Final numbers are based on actual silicon characterization and testing. These numbers
reflect the actual performance of the device under worst-case silicon process, voltage,
and junction temperature conditions. The upper-right hand corner of a table shows
the designation as Preliminary or Final.

Core Performance Specifications
These sections describe the Clock Tree, PLL, DSP, TriMatrix, and Configuration and
JTAG Specifications.

Clock Tree Specifications

Table 1-19 lists the clock tree performance specifications for the logic array, DSP
blocks, and TriMatrix Memory blocks for Stratix III devices.
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Table 1-19. Stratix Il Clock Tree Performance

c2 €3, 13 C4, 14 C4L, 14L Unit
Device Ve =11V | V=11V | Vg =1.1V Ve =1.1V | Vg = 0.9V "
EP3SL50 600 500 450 450 375 MHz
EP3SL70 600 500 450 450 375 MHz
EP3SL110 600 500 450 450 375 MHz
EP3SL150 600 500 450 450 375 MHz
EP3SL200 600 500 450 450 375 MHz
EP3SE260 600 500 450 450 375 MHz
EP3SL340 600 500 450 450 375 MHz
EP3SE50 600 500 450 450 375 MHz
EP3SE80 600 500 450 450 375 MHz
EP3SE110 600 500 450 450 375 MHz
PLL Specifications

Table 1-20 describes the Stratix III PLL specifications when operating in both the
commercial junction temperature range (0 to 85° C) and the industrial junction
temperature range (-40 to 100° C), except for EP35L340, EP3SE260, and EP3SL200
devices in the I4L ordering code, where the industrial junction temperature range is
from 0° C to 100° C, regardless of supply voltage. Refer to the figure in “PLL
Specifications” in “Glossary” for PLL block diagram.

Table 1-20. Stratix Ill PLL Specifications (Part 1 of 2)

reconfiguring any non-post-scale counters/delays)

Symbol Parameter Min | Typ Max Unit
fin Input clock frequency 5 — | 717 (1) MHz
fiero Input frequency to the PFD 5 — 325 MHz
fuco PLL VCO operating range (C2 Speed Grade) 600 — | 1,600 MHz
PLL VCO operating range (C3, 13 Speed Grade) 600 — 1,300 MHz
PLL VCO operating range (C4, 14 Speed Grade) 600 — 1,300 MHz
temoury Input clock or external feedback clock input duty cycle 40 — 60 %
Tour Output frequency for internal global or regional clock — — | 717 (2) MHz
four exr Output frequency for external clock input — — | 717 (2) MHz
toumouty Duty cycle for external clock output (when set to 50%) 45 50 55 %
tecomp External feedback clock compensation time — — 10 ns
toonrigeLL Time required to reconfigure scan chain — 3.5 — scanclk cycles
teonriprase Time required to reconfigure phase shift — 1 — scanclk cycles
fscancix scanclk frequency — — 100 MHz
ok Time required to lock from end of device configuration — — 1 ms
torock Time required to lock dynamically (after switchover or — — 1 ms

© October 2008  Altera Corporation
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Table 1-20. Stratix Ill PLL Specifications (Part 2 of 2)

Symbol Parameter Min | Typ Max Unit

foraw PLL closed-loop low bandwidth — 0.3 — MHz
PLL closed-loop medium bandwidth — 1.5 — MHz
PLL closed-loop high bandwidth(5) — 4 — MHz

thLL psern Accuracy of PLL phase shift — — +50 ps

tareser Minimum pulse width on aresetsignal 10 — — ns

tinees (3) Input clock cycle to cycle jitter (Fpe- > 100 MHz) — — 0.15 Ul (p-p)
Input clock cycle to cycle jitter (Fqer <100 MHz) — — 750 ps(p-p)

touresnc (4) Period Jitter for dedicated clock output (Fo,r =100 MHz) — — 175 ps (p-p)
Period Jitter for dedicated clock output (Foir <100 MHz) — — 17.5 mUl (p-p)

tourcesoc (4) Cycle to Cycle Jitter for dedicated clock output — — 175 ps (p-p)
(Four 2100 MHz)
Cycle to Cycle Jitter for dedicated clock output — — 175 mUl (p-p)
(Four <100 MHz)

toureato (4) Period Jitter for clock output on regular 10 (Foyr = 100 MHz) — — 600 ps (p-p)
Period Jitter for clock output on regular 10 (Fyyr <100 MHz) — — 60 mUl (p-p)

toureerio (4) Cycle to Cycle Jitter for clock output on regular 10 — — 600 ps (p-p)
(Four=100 MHz)
Cycle to Cycle Jitter for clock output on regular 10 — — 60 mUl (p-p)
(Four <100 MHz)

forier Frequency drift after PFDENA is disabled for duration of — — +10 %
100 pus

Notes to Table 1-20:
(1) This specification is limited in Quartus Il software by the I/0 maximum frequency. The maximum 1/0 frequency is different for each I/0 standard.
(2) This specification is limited by the lower of the two: 1/0 f,,, OF fo,; Of the PLL.

(3) A high input jitter will directly affect the PLL output jitter. To have low PLL output clock jitter, you need to provide a clean clock source, which
is less than 200 ps.

(4) Peak-to-peak jitter with a probability level of 10-12 (14 sigma, 99.99999999974404 % confidence level). The output jitter specification applies
to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied.

(5) High bandwidth PLL settings are not supported in external feedback mode.

DSP Block Specifications

Table 1-21 describes the Stratix III DSP block performance specifications.

Table 1-21. Stratix |ll DSP Block Performance Specifications (Nofe 1) (Part 1 of 2)

C2 C3 C4 c4L 13 4L

Number of vccl. = vccl. = vccl. = vccl. = vccl. = coL= coL=
Mode Multipliers | 1.1V 1.1V 1.1V 1.1V 0.9V 1.1V 0.9V | Unit
9x9-bit multiplier (a, c, e, 9) (2) 1 440 365 315 315 240 345 225 MHz
9x9-bit multiplier (b, d, f, h) (2) 1 500 410 375 375 270 385 250 MHz
12x12-bit multiplier(a, e) (3) 1 440 365 315 315 240 345 225 MHz
12x12-bit multiplier(b, d, f, h) (3) 1 500 410 375 375 270 385 250 MHz
18x18-bit multiplier 1 600 495 440 440 320 470 300 MHz
36x36-bit multiplier 1 440 365 315 315 220 345 205 MHz
Double mode 1 440 365 315 315 220 345 205 MHz
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Table 1-21. Stratix |ll DSP Block Performance Specifications (Nofe 1) (Part 2 of 2)
C2 C3 C4 CaL I3 14L
Number of vccl. = vccl. = vccl. = vccl. = vccl. = vccl.= vccl.=
Mode Multipliers | 1.1V 1.1V 1.1V 1.1V 0.9v 1.1V 0.9V | Unit
18x18-bit multiply adder 2 490 405 345 345 250 380 235 MHz
18x18-bit multiply adder 4 490 405 345 345 250 380 235 MHz
18x18-bit multiply adder with loop 2 490 405 345 345 250 380 235 MHz
back
18x18-bit multiply adder with loop 2 390 320 300 240 180 300 135 MHz
back (4)
18x18-bit multiply accumulator 475 390 330 330 240 370 225 MHz
18x18-bit multiply adder with 475 390 330 330 240 370 225 MHz
chainout
Input Cascade Independent output 4 550 455 415 415 270 430 250 MHz
of four 18x18 bit multiplier
36-bit shift (32 bit data) 1 475 390 330 330 250 370 235 MHz

Notes to Table 1-21:

(1) Maximum is for fully pipelined block with Round and Saturation disabled.

(2) The DSP block implements 8 independent 9b x 9b multiplies using a, b, ¢, d for top DSP half block and e, f, g, h for bottom DSP half block

multipliers.

(3) The DSP block implements 6 independent 12b x 12b multiplies using a, b, d for top DSP half block and e, f, h for bottom DSP half block

multipliers.

(4) Maximum for loopback input registers disabled, Round and Saturation disabled, pipeline and output registers enabled.
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Table 1-22. Stratix I TriMatrix Memory Block Performance Specifications (Note 1) (Part 1 of 3) - Preliminary

TriMatrix Memory Block Specifications
Table 1-22 describes the Stratix III TriMatrix Memory Block specifications.

C2 C3 C4 CaL 13 14L
Memory
Block TriMatrix | Vo= | Vou= | Veu= | Vo= | Vea= | Veu= | Vea=
Type Mode ALUTs | Memory | 1.1V | 1.1V | 1.1V | 1.1V | 0.9V | 1.1V | 0.9V | Unit
MLAB Single port 16 x 10 0 1 600 500 450 450 340 475 320 | MHz
Simple dual-port 16 x 20, single 0 1 600 500 450 450 340 475 320 | MHz
clock
ROM 64 x 10 0 1 600 500 450 450 370 475 350 | MHz
ROM 32 x 20 0 1 600 500 450 450 340 475 320 | MHz
M9K (2) | Single-port 8K x 1 0 1 550 465 390 390 245 440 230 | MHz
Single-port 4K x 2 or 2K x 4 0 1 575 485 405 405 255 460 230 | MHz
Single-port 1K x 9,512 x 18, or 0 1 565 475 395 395 245 450 220 | MHz
256 x 36
Simple dual-port, 8K x 1, single 0 1 545 460 385 385 240 435 225 | MHz
clock
Simple dual-port, 4K x 2 or 2K x 4, 0 1 570 480 400 400 250 455 225 | MHz
single clock
Simple dual-port, 1K x 9, 0 1 565 475 395 395 245 450 220 | MHz
512 x 18. or 256 x 36, single clock
Simple dual-port, 8K x 1, 4K x 2 or 0 1 375 312 265 265 205 295 185 | MHz
2K x 4, single clock with
read-during-write option set to "Old
Data"
Simple dual-port, 1K x 9, 512 x 18, 0 1 375 312 265 265 200 295 180 | MHz
256 x 36 single clock with read-
during-write option set to "Old
Data"
True dual-port, 8K x 1 single clock 0 1 530 440 370 370 230 420 215 | MHz
True dual-port, 4K x 2 or 2K x 4 0 1 550 460 385 385 240 435 215 | MHz
single clock
True dual-port, 1K x 9 or 512 x 18 0 1 545 460 380 380 235 435 210 | MHz
single clock
True dual-port, 8K x 1, 4K x 2, or 0 1 350 295 245 245 175 280 160 | MHz
2K x 4, single clock with
read-during-write option set to "Old
Data"
True dual-port, 1K x 9 or 512 x 18, 0 1 340 285 240 240 165 270 150 | MHz
single clock with
read-during-write option set to "Old
Data"
ROM 1P, 8K x 1, 4K x 2, or 2K x 4 1 580 485 405 405 260 460 235 | MHz
ROM 1P, 1K x 9,512 x 18, or 1 575 485 405 405 255 460 230 | MHz
256 x 36
ROM 2P, 8K x 1 ,4K x 2, or 2K x 4 1 580 485 405 405 265 460 240 | MHz
ROM 2P, 1K x 9, or 512 x 18 1 575 485 405 405 260 460 235 | MHz
Min Pulse Width (Clock High Time ) — — 800 | 1000 | 1100 | 1100 | 1800 | 1000 | 1800 | ps
Min Pulse Width (Clock Low Time ) — — 500 625 690 690 | 1100 | 625 | 1100 | ps
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Table 1-22. Stratix I TriMatrix Memory Block Performance Specifications (Note 1) (Part 2 of 3) - Preliminary
C2 c3 C4 CaL 13 14L
Memory
Block TriMatrix | Vee= | Vou= | Veu= | Vo= | Vea= | Veu= | Vea=
Type Mode ALUTs | Memory | 1.1V | 1.1V | 1.1V | 1.1V | 0.9V | 1.1V | 0.9V | Unit
M144K True dual-port 16K x 9 or 0 1 350 300 245 245 180 280 170 | MHz
(3), (4) 8K x 18, dual clock
True dual-port 4K x 36 dual clock 0 1 520 430 365 365 250 405 235 | MHz
Simple dual-port 16K x 9 or 0 1 350 300 245 245 180 280 170 | MHz
8K x 18, dual clock
Simple dual-port 4K x 36 or 0 1 565 470 395 395 225 440 210 | MHz
2K x 72, dual clock
ROM 1Port 0 1 580 470 425 425 260 470 260 | MHz
ROM 2 Port 0 1 545 450 380 380 260 425 245 | MHz
Single-port 16K x 9 or 8K x 18 0 1 385 330 270 270 240 310 195 | MHz
Single-port 4K x 36 0 1 580 470 425 425 210 470 195 | MHz
True dual-port 16K x 9, 8K x 18, or 0 1 325 270 225 225 165 255 155 | MHz
4K x 36, dual clock with read-
during-write option set to "Old
Data"
Simple dual-port 16K x 9, 0 1 350 292 250 250 200 275 190 | MHz
8K x 18, 4K x 36, or 2K x 72, dual
clock with read-during-write option
set to "Old Data"
Simple dual-port 2K x 64 dual clock 0 1 255 210 180 180 130 195 120 | MHz
(with ECC)
Min Pulse Width (Clock High Time) — — 800 | 1000 | 1100 | 1100 | 1800 | 1000 | 1800 | ps
Min Pulse Width (Clock Low Time ) — — 500 625 690 690 | 1100 | 625 | 1100 | ps
M144K True dual-port 16K x 9 or 0 1 425 360 300 300 210 340 195 | MHz
(3), (5) 8K x 18, dual clock
True dual-port 4K x 36 dual clock 0 1 520 430 365 365 250 405 235 | MHz
Simple dual-port 16K x 9 or 0 1 425 360 300 300 210 340 195 | MHz
8K x 18, dual clock
Simple dual-port 4K x 36 or 0 1 565 470 395 395 225 440 210 | MHz
2K x 72, dual clock
ROM 1Port 0 1 580 470 425 425 260 470 260 | MHz
ROM 2 Port 0 1 545 450 380 380 260 425 245 | MHz
Single-port 16K x 9 or 8K x 18 0 1 475 405 335 335 210 380 195 | MHz
Single-port 4K x 36 0 1 580 470 425 425 210 470 195 | MHz
True dual-port 16K x 9, 8K x 18, or 0 1 325 270 225 225 165 255 155 | MHz
4K x 36, dual clock with read-
during-write option set to "Old
Data"
Simple dual-port 16K x 9, 0 1 350 292 250 250 200 275 190 | MHz
8K x 18, 4K x 36, or 2K x 72, dual
clock with read-during-write option
set to "Old Data"
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Table 1-22. Stratix I TriMatrix Memory Block Performance Specifications (Note 1) (Part 3 of 3) - Preliminary

C2 C3 C4 c4L 13 4L
Memory
Block TriMatrix vccl. = vccl. = vccl. = vcm. = vccl. = vccl.= vccl.=
Type Mode ALUTs | Memory | 1.1V | 1.1V | 1.1V | 1.1V | 0.9V | 1.1V | 0.9V | Unit
M144K Simple dual-port 2K x 64 dual clock 0 1 255 210 180 180 130 195 120 | MHz
(3),(5) | (with ECC)
Min Pulse Width (Clock High Time) — — 800 | 1000 | 1100 | 1100 | 1800 | 1000 | 1800 | ps
Min Pulse Width (Clock Low Time ) — — 500 625 690 690 | 1100 | 625 | 1100 | ps

Notes to Table 1-22:

(1) Use a memory block clock that comes through global clock routing from an on-chip PLL set to 50% output duty cycle to achieve the maximum
memory block performance. Use Quartus Il software to report timing for this and other memory block clocking schemes.

(2) The Fy,y shown for MK degrades 2 % when you use Error Detection CRC feature on the device, except for C4L speed grade with V¢ =0.9 V. For

C4L speed grade with V¢ =0.9V, there is no degradation in Fmax when Error Detection CRC feature
(3) The Fq shown for M144K degrades 10 MHz when you use byte-enable support on M144K.
(4) The Fmax is applicable when the COMPTABILITY option is turned ON.

(5) The Fmax is applicable when the COMPTABILITY option is turned OFF. This option is turned ON by default in Quartus Il software.

Configuration and JTAG Specifications

is used.

Table 1-23 lists the Stratix III Configuration Mode Specifications.

Table 1-23. Stratix Il Configuration Mode Specifications

Programming Mode DCLK F.,., Unit
Passive Serial 100 MHz
Fast Passive Parallel (7) 100 MHz
Fast Active Serial 40 MHz
Remote Update only in Fast AS mode 10 MHz

Note to Table 1-23:

(1) Data rate must be 4x slower than the clock when decompression and/or encryption are used.

Table 1-24 shows the JTAG timing parameters and values for Stratix III devices. Refer
to figure for “HIGH-SPEED 1/0 Block” in “Glossary” for JTAG timing requirements.

Table 1-24. Stratix 11l JTAG Timing Parameters and Values

Symbol Parameter Min Max Unit
e TCK clock period 30 — ns
tyon TCK clock high time 14 — ns
1™ TCK clock low time 14 — ns
tyesy (TDI) JTAG port setup time for TDI 1 — ns
tesy (TMS) JTAG port setup time for TMS 3 — ns
tyem JTAG port hold time 5 — ns
tipco JTAG port clock to output — 11 ns
x JTAG port high impedance to valid output — 14 ns
tiexz JTAG port valid output to high impedance — 14 ns
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Periphery Performance

This section describes the periphery performance, including high-speed I/O and
external memory interface, and OCT calibration block specifications.

High-Speed 1/0 Specifications
Refer to the “Glossary” for definitions of high-speed timing specifications.

Table 1-25 shows the high-speed I/O timing for Stratix III devices.

Table 1-25. Dedicated LVDS Specifications (Nofe 1), (2) (Part 1 of 2)

Symbol

C2 C3, I3 C4, 14 C4L, 141

Conditions Min | Typ | Max Min | Typ | Max Min | Typ | Max Min | Typ | Max

Unit

fHSCLK,in
(input clock

frequency)

Clock boost 5 — | 800 5 — | 717 5 — | 717 5 — | 717
factor W=11t040

(3)

MHz

fHSCLK,out
(output clock

frequency)

Clock boost 5 — 800 5 — | 717 5 — 717 5 — 717
factor W=11t040

(3)

MHz

Transmitter

fusor (data rate)

SERDES factor 150 | — | 1600 | 150 | — | 1250 | 150 | — | 1250 150 | — | 1250
J=31t010

Mbps

SERDES factor (4) — | 1250 (4) | — | 1250 (4 | — | 1250 (4) — | 1250
J =2, Uses
DDR Register

Mbps

SERDES factor (4) — | 800 (4) | — | 7117 (4) | — | 717 (4) — | 717
J=1,Uses SDR
Register

Mbps

LVDS_E_3R -
fusor (data rate)

SERDESfactor | (4) | — | 1100 | (4 |—|1100] @ | —1] 800 | @ | —] 800
J=41010

Mbps

LVDS_E_1R -
fusor (data rate)

SERDESfactor | (4) | — | 311 | (49 [ —] 200 [ 9 [—] 200 | (99 | —] 200
J=41010

Mbps

t>< Jitter

Total Jitter for — — | 160 — — | 160 — — 160 — — 160
Data Rate, 600
Mbps - 1.25 Gbps

ps

Total Jitter for — | — | 041 — | — | 01 — | — | 041 — | — | o041
Data Rate, < 600
Mbps

ul

tDUTY

Tyoutput duty 45 50 55 45 50 55 45 50 55 45 50 55
cycle for both
True and
Emulated
Differential 1/0

%

tRISE & tFALL

True Differential — — | 160 — — | 200 — — 200 — — | 200
I/0 Standards

ps

tRISE & tFALL

Emulated — — 310 —_ — | 350 — — 350 — — 350
Differential 1/0
Standards with
Three External
Output Resistor
Network

ps
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Table 1-25. Dedicated LVDS Specifications (Note 1), (2) (Part 2 of 2)

C2 C3, 13 C4,14 CAL, 14L
Symbol Conditions Min (Typ| Max | Min |Typ| Max | Min | Typ | Max Min | Typ | Max Unit
tmsg & tFALL Emulated — I 460 — I 500 — - 500 - - 500 pS
Differential 1/0
Standards with
Three External
Output Resistor
Network
TCCS True Differential — — | 100 — | — | 100 — — | 100 — — | 100 ps
I/0 Standards
TCCS Emulated — — | 250 — — | 250 — — | 250 — — | 250 ps
Differential 1/0
Standards
Receiver
fsoroea (data SERDES factor 150 — | 1600 150 | — | 1250 150 | — | 1250 150 — | 1250 | Mbps
Rate) J=31t010
DPA
DPA run length — | — [ —]1o000] — | — 10000/ — [—]10000 | — [ —10000] uUI
Soft CDR mode
Soft-CDR PPM — — — | 300 — — | 300 — — 300 — — | 300 | +PPM
tolerance
Non DPA Mode
Sampling — — — | 300 — — | 300 — — 300 — — | 300 ps
Window

Notes to Table 1-25:

(1) When J =3 to 10, the SERDES block is used.

(2) WhenJ =1 or2, the SERDES block is bypassed.

(3) Clock Boost Factor () is the ratio between input data rate to the input clock rate.
(4)

4) The minimum specification is dependent on the clock source (PLL and clock pin, for example) and the clock routing resource (global, regional, or local) utilized.
The 1/0 differential buffer and input register do not have a minimum toggle rate.

Table 1-26. DPA Lock Time Specifications for C2, C3, and C4 Speed Grades

Transition
Standard Training Pattern Density Min Typ Max Unit

SPI-4 00000000001111111111 10% (1) — — Number of
repetitions

Parallel Rapid 1/0 00001111 25% (1) — — Number of
repetitions

10010000 50% (1) — — Number of

repetitions

Miscellaneous 10101010 100% (1) — — Number of
repetitions

01010101 100% (1) — — Number of

repetitions

Notes to Table 1-26:
(1) Pending silicon characterization.
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Figure 1-2. Stratix Il LVDS Soft-CDR/DPA Sinusiodal Jitter Tolerance Spec

LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Spec

25

85

—— Sl Jitter
Tolerance|
Spec

035

Jitter Amplitude (Ul)

01

F3 F4

F1 F2
Jitter Frequency (Hz)

Table 1-27. Stratix |/l LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values

Jitter Frequency (Hz) Jitter Amplitude Unit
F1 10,000 25.000 ul
F2 17,565 25.000 ul
F3 1,493,000 0.350 ul
F4 50,000,000 0.350 ul

External Memory Interface Specifications
Table 1-28 through Table 1-35 list the external memory interface specifications for the
Stratix III device family.

Use Table 1-28 through Table 1-33 to perform memory interface timing analysis.

Table 1-28. Stratix 11l Maximum Clock Rate Support for External Memory Interfaces with Half-Rate Controller (Note 1),

(2) (Part10f2)
C2 C3 C4 CAL
Ve = 1.1V Ve =1.1V Ve =1.1V Ve = 1.1V Ve = 0.9V
Sg o8| & Sg o8| 58 Ss o8| 58 Sg o8| 58 Sg o8| &
EL| =2 53| EL| =L 5| EL| =2| 53| EL =2 5| EL| =2 &5
stewo | SE| 85| 22| 55| 25| 22| 3&| 23| 73| 55| &3 28| 2&| 2F| =2
DDR3 SDRAM (3), | 533 | 533 | 533 | 400 | 400 | 400 | 333 | 333 | 333 {333 333 |333| — | — | — | MHz
(7) ()| (4)| (4
DDR2 SDRAM (3) 400 | 400 | 400 | 333 | 333 | 333 | 333 | 333 | 333 | 333 | 333 | 333 | 200 | 200 | 200 | MHz
@1 @@ @] @] A
DDR SDRAM (3) 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | MHz
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Table 1-28. Stratix 11l Maximum Clock Rate Support for External Memory Interfaces with Half-Rate Controller (Note 1),
(2) (Part2 of 2),

C2 C3 C4 CaL
VI:GI.=1'1V chL=1-1v Vccl—1 1v vch—1.1V ma_—o 9V
53| o8| o3| 25| oF| 3| 25| o8| =8| S8 oF| =3| 25| T =&

Memory Eg E% '§§ E% E% '§.§ Eé E% '§§ E% E% '§§ Eg E% '§.§

Standards S8| =8| TE| 38| =8| T=| 38| =8| TE| 38| =3| T=| 33| =&| TE| ynit
QDRIl+ SRAM (2.5 | 400 | 400 | 400 | 350 | 350 | 350 | 300 | 300 | 300 |{ 300 | 300|300 | — | — | — | MHz
clock cycle latency
only) (5), (8)
QDRII SRAM 350 | 350 | 350 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 300 | 167 | 167 | 167 | MHz
(1.50r1.8V) (5)
RLDRAM II 400 | 400 | 400 | 333 | 333 | 333 | 300 | 300|300 (300|300 |30 —|—1| —|MHz
(1.50r1.8V)

Notes to Table 1-28:

(1) Numbers are preliminary until characterization is final. The supported operating frequencies listed here are memory interface maximums for
the FPGA device family. Your design’s actual achievable performance is based on design- and system-specific factors, as well as static timing
analysis of the completed design.

(2) The maximum clock rate support for external memory interfaces with half-rate controller stated in the table apply to both commercial and
industrial grade.

(3) This applies for interfaces with both modules and components.

(4) Timing can not be closed at the target speed in Quartus 11 v8.0 but programming files can be generated. These designs can be used for
prototyping and testing but you should not go to production until Altera releases IP able to achieve these speeds.

(5) Please refer to the section “Supporting x36 QDRII+/QDRII SRAM Interfaces in the F780 and F1152-Pin Packages” on page 8-20 in Chapter 8
External Memory Interface in Stratix Ill Devices for the implementation.

(6) Column I/0s refer to Top and Bottom, 1/0s. Rows 1/0s refers to the Left and Right I/0s. Hybrid mode refers to DQ/DQS groups wrapping over
Column 1/0s and Row 1/0s of the device.

(7) DDR3 SDRAM interfaces operating at frequencies below 360-MHz are not supported in Quartus 11 8.0 since the ALTMEMPHY sequencer lacks
support for the 10-tap DLL mode required for these low frequencies. These designs can be used for FPGA resource planning and fitting studies,
but should not go to production until Altera release IP that supports the 10-tap DLL mode.

(8) The QDRII+ SRAM devices with 2.0 clock cycle latency are not supported due to hardware limitations.
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Table 1-29. Stratix Il Maximum Clock Rate Support for External Memory Interfaces with Full-Rate Controller (Note 1), (2),

(3), (4)
Cc2 c3 C4 CaL (3)
chL = 1.1" vI;|;|_= 1.1" v;cl = 1-1v ma_= 1.1V VGGL = 0-9v
e e e e e
=2 |S¢2 28| =£|32|29 =4S¢ 32g =£|Sg/28 =£ S¢g B8
ES| =S| 8| ESE | =5 280 ES =5 206 ES | =5 86| ES| =5 206
M c c ] c < ] < < < <
Sta?llzll::gs §m Sa| £= §:n Sa| £= §:n Sa £= §m Sa| £= §m Sa| £= Unit
DDR2 SDRAM | 267 | 267 | 267 233 | 233 | 233 | 200 | 200 | 200 200 200 | 200 | 167 | 167 | 167 | MHz
DDR SDRAM 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 167 | 167 | 167 | MHz

Notes to Table 1-29:

M

The supported operating frequencies listed here are memory interface maximums for the FPGA device family. Your design’s actual achievable performance

is based on design- and system-specific factors, as well as static timing analysis of the completed design. Numbers are preliminary until characterization is

final.

—_— o~
B ow N
= = =

This applies for interfaces with both modules and components.
The maximum clock rate support for external memory interfaces with full-rate controller stated in the table apply to both commercial and industrial grade.
The values apply to column I/0s, Rows 1/0s and Hybrid mode interface. Column 1/0s refers to Top and Bottom 1/0s. Row 1/0s refers to Left and Right 1/0s.

Hybrid mode refers to DQ/DQS groups wrapping over Column 1/0s and Row 1/0s of the device.

External Memory 1/0 Timing Specifications

Table 1-30 and Table 1-31 list Stratix III device timing uncertainties on the read and
write data paths. Use these specifications to determine timing margins for source
synchronous paths between the Stratix IIl FPGA and the external memory device.
Refer to the figure for “SW (sampling window)” in “Glossary”

Table 1-30. Sampling Window (SW) - Read Side (Note 7),(2) (Part1 of 2) - Preliminary

C2 C3, 13 C4,14 C4aL, 14L
SW (ps) SW (ps) SW (ps) SW (ps)
Memory
Type 1/0 Standard Width Setup Hold Setup Hold Setup Hold Setup Hold
DDR3 1.5V SSTL x4 250 250 300 300 374 374 374 374
DDR3 1.5V SSTL x8 250 250 300 300 374 374 374 374
DDR2 1.8V SSTL x4 181 306 234 326 257 326 257 326
Differential
DDR2 1.8 V SSTL x8 181 306 234 326 257 326 257 326
Differential
DDR2 SEIO | 1.8V SSTL x4 231 256 284 276 307 276 307 276
DDR2 SEIO | 1.8V SSTL x8 231 256 284 276 307 276 307 276
DDR1 SEIO | 2.5V SSTL x4 231 256 284 261 307 261 307 261
DDR1 SEIO | 2.5V SSTL x8 231 256 284 261 307 261 307 261
QDRII/N+ 1.5V HSTL x9 231 256 284 261 307 261 307 261
QDRII/1+ 1.5V HSTL x18 261 286 314 291 337 291 337 291
QDRII/N+ 1.5V HSTL x36 261 286 314 291 337 291 337 291
QDRI + 1.5V HSTL x36 261 328 314 337 307 350 337 350
Emulation
QDRI 1.8 VHSTL x9 231 256 284 261 337 261 307 261
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Table 1-30. Sampling Window (SW) - Read Side (Note 1),(2) (Part 2 of 2) - Preliminary

C2 c3, 13 C4, 14 C4aL, 14L
SW (ps) SW (ps) SW (ps) SW (ps)
Memory

Type 1/0 Standard Width Setup Hold Setup Hold Setup Hold Setup Hold
QDRII 1.8 V HSTL x18 261 286 314 291 337 291 337 291
QDRII 1.8 V HSTL x36 261 286 314 291 337 291 337 291
RLDRAM Il | 1.5V HSTL x9 181 306 234 326 257 326 257 326
RLDRAM I | 1.5V HSTL x18 211 336 264 356 287 356 287 356
RLDRAM Il | 1.8V HSTL x9 181 306 234 326 257 326 257 326
RLDRAM I | 1.8V HSTL x18 211 336 264 356 287 356 287 356

Notes to Table 1-30:.

(1) The values apply to Column 1/0s, Row 1/0s and Hybrid mode interface. Column 1/0s refer to Top and Bottom 1/0s. Hybrid mode refers to DQ/DQS groups
wrapping over Golumn 1/0s and Row 1/0s of the device.

2)

Table 1-31. Transmitter Channel-to-Channel Skew (TCCS) - Write Side (Notfe 1), (2) (Part 1 of 2) - Preliminary

Please refer to the section “Supporting x36 QDRII+/QDRII SRAM Interfaces in the F780 and F1152-Pin Packages” on page 8—20 in chpater 8 External Memory
Interface in Stratix Ill Devices for the implementation.

C2 C3,13 C4, 14 C4L, 14L

TCCS (ps) TCCS (ps) TCCS (ps) TCCS (ps)
Memory Type 1/0 Standard Width Lead Lag Lead Lag Lead Lag Lead Lag
DDR3 1.5V SSTL x4 260 260 290 290 310 310 310 310
DDR3 1.5V SSTL x8 260 260 290 290 310 310 310 310
DDR2 Differential 1.8 VSSTL x4 229 246 230 355 250 388 350 488
DDR2 Differential 1.8 V SSTL x8 229 246 230 355 250 388 350 488
DDR2 SEIO 1.8 V SSTL x4 316 168 318 239 346 260 446 360
DDR2 SEIO 1.8 V SSTL x8 316 168 318 239 346 260 446 360
DDR1 SEIO 2.5V SSTL x4 313 157 315 222 343 242 443 342
DDR1 SEIO 2.5V SSTL x8 313 157 315 222 343 242 443 342
QDRII/+ 1.5 VHSTL x9 260 248 262 358 285 391 385 491
QDRII/N+ 1.5V HSTL x18 290 278 292 388 315 421 415 521
QDRII/N+ 1.5V HSTL x36 290 278 292 388 315 421 415 521
QDROI/I + 1.5 V HSTL %36 310 298 312 408 335 441 435 541

Emulation

QDRII 1.8 VHSTL x9 229 246 230 355 250 388 350 488
QDRII 1.8 VHSTL x18 259 276 260 385 280 418 380 518
QDRI 1.8 VHSTL x36 259 276 260 385 280 418 380 518
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Table 1-31. Transmitter Channel-to-Channel Skew (TCCS) - Write Side (Notfe 1), (2) (Part 2 of 2) - Preliminary
C2 C3,13 C4, 14 C4L, 14L
TCCS (ps) TCCS (ps) TCCS (ps) TCCS (ps)
Memory Type 1/0 Standard Width Lead Lag Lead Lag Lead Lag Lead Lag
RLDRAM I 1.5V HSTL x9 260 248 262 358 285 391 385 491
RLDRAM I 1.5V HSTL x18 290 278 292 388 315 421 415 521
RLDRAM I 1.8 V HSTL x9 229 246 230 355 250 388 350 488
RLDRAM I 1.8 VHSTL x18 259 276 260 385 280 418 280 418

Notes to Table 1-31:

(1) The values apply to Column 1/0s, Row 1/0s and Hybrid mode interface. Column I/0 refers to Top and Bottom I/0s. Hybrid mode refers to DQ/DQS groups

wrapping over Column 1/0s and Row 1/0s of the device.

(2) Please refeccer to the section “Supporting x36 QDRII+/QDRII SRAM Interfaces in the F780 and F1152-Pin Packages” on page 8-20 in chapter 8 External
Memory Interface in Stratix |1l Devices for the implementation.
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DLL and DQS Logic Block Specifications
Table 1-32 describes the DLL frequency range specifications for Stratix III devices.

Table 1-32. Stratix |1l DLL Frequency Range Specifications (Note 1)

Frequency Range (MHz)
Frequency Resolution
Mode C2 c3 C4 CaL (Degrees)
0 90-150 90-140 90-120 90-120 22.5
1 120 - 200 120-190 120-170 120-170 30
2 150 - 240 150 - 230 150 - 200 150 - 200 36
3 180 - 300 180 -290 180 - 250 180 - 250 45
4 240-370 240 - 350 240-310 240-310 30
5 290 - 450 290 - 420 290-370 290 - 370 36
6 360 - 560 360 -530 360 - 460 360 - 460 45

Note to Table 1-32:
(1) The DLL frequency range specifications stated in the table apply to both commercial and industrial grade.

Table 1-33 describes the average DQS phase offset delay per setting for Stratix III
devices.

Table 1-33. Average DQS Phase Offset Delay per Setting (Note 1), (2), (3), (4)

Speed Grade Min Typ Max Unit
C2 7 10 13 ps
C3 7 11 15 ps
C4 7 1.5 16 ps
C4L 7 11.5 16 ps

Notes to Table 1-33:

(1) The valid settings for phase offset are -64 to +63 for frequency modes 0 to 3 and -32 to +31 for frequency modes
410 6.

(2) The typical value equals the average of the minimum and maximum values.

(3) The delay settings are linear with a cumulative delay variation of +20ps for all speed grades. For example, when
using a C2 speed grade and applying 10° phase offset settings to a 90° phase shift at 400 MHz, the expected
minimum cumulative delay is [625 ps + (10*7 ps) - 20 ps] = 675 ps.

(4) The average DQS phase offset delay per setting stated in the table apply to both commercial and industrial grade.

OCT Calibration Block Specifications

Table 1-34 shows the on-chip termination calibration block specifications for
Stratix III devices.

Table 1-34. On-Chip Termination Calibration Block Specification

Symbol Description Min | Typical | Max | Unit
OCTUSRCLK Clock required by OCT calibration blocks — — 20 MHz
tocrea Number of 0CTUSRCLK clock cycles required — 1000 — | cycles
for OCT Rs and Rt calibration

tocrsmer Number of OCTUSRCLK clock cycles required — 28 — | cycles
for OCT code to shift out per OCT calibration block

trs_r Time required to dynamically switch from Rs to Rt — 2.5 — ns
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1/0 Timing

Timing Model

DCD Specifications

Table 1-35 lists the worst case duty cycle distortion for Stratix III devices. Detailed
information on duty cycle distortion will be published after characterization.

Table 1-35. Duty Cycle Distortion on Stratix |1l /0 Pins  (Note 1), (2)

C2 c3 C4
Symbol Min | Max | Min | Max | Min | Max Unit

Output Duty Cycle (2) 45 55 45 55 45 55 %

Notes to Table 1-35:

(1) Preliminary DCD specification applies to clock outputs from PLLs, global clock tree, and IOE driving dedicated and
general purpose I/0 pins.

(2) Detailed DCD specifications pending silicon characterization.

The DirectDrive™ technology and MultiTrack™ interconnect ensure predictable
performance, accurate simulation, and accurate timing analysis across all Stratix III
device densities and speed grades. This section describes and specifies the
performance of I/Os.

All specifications except the fast model are representative of worst-case supply
voltage and junction temperature conditions. Fast model specifications are
representative of best case process, supply voltage, and junction temperature
conditions.

The timing numbers listed in the tables of this section are extracted from the
Quartus II software version 8.1.

Preliminary and Final Timing

Timing models can have either preliminary or final status. The Quartus II software
issues an informational message during the design compilation if the timing models
are preliminary. Table 1-36 shows the status of the Stratix III device timing models.

Preliminary status means that the timing models are subject to change in future
Quartus II releases. Initially, timing numbers are created using simulation results,
process data, and other known parameters. Parts of the timing models may be
correlated to silicon measurements. Various tests are used to make the preliminary
numbers as close to the actual timing parameters as possible.

Final timing models are based on simulation models that are characterized versus the
actual device measurements under all allowable operating conditions. When the
timing models are final, all or most of the Stratix III family devices have been
completely characterized and no further changes to the timing model are expected.
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Table 1-36. Stratix Il Device Timing Model Status

Device Preliminary Final
EP3SL50 v —
EP3SL70 v —
EP3SL110 — v
EP3SL150 — v
EP3SL200 v —
EP3SL340 — v
EP3SES50 v —
EP3SESB0 — v
EP3SE110 — v
EP3SE260 v —

1/0 Timing Measurement Methodology

Altera characterizes timing delays at the worst-case process, minimum voltage, and
maximum temperature for input register setup time (tsu) and hold time (t,). The
Quartus II software uses the following equations to calculate t,, and th timing for
Stratix III devices input signals.

tsu =

+ data delay from input pin to input register
+ micro setup time of the input register
- clock delay from input pin to input register

th=

- data delay from input pin to input register
+ micro hold time of the input register
+ clock delay from input pin to input register

Figure 1-3 shows the setup and hold timing diagram for input registers.

Figure 1-3. Input Register Setup and Hold Timing Diagram

i« Input Data Delay —

= —
micro g,
— micro ty,

~— Input Clock Delay ——

For output timing, different I/O standards require different baseline loading
techniques for reporting timing delays. Altera characterizes timing delays with the
required termination for each I/O standard and with 0 pF (except for PCI and PCI-X,
which use 10 pF) loading and the timing is specified up to the output pin of the FPGA
device. The Quartus II software calculates the I/O timing for each I/O standard with
a default baseline loading as specified by the I/O standards.
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The following measurements are made during device characterization. Altera
measures clock-to-output delays (t,,) at worst-case process, minimum voltage, and
maximum temperature (PVT) for default loading conditions shown in Table 1-37. The
following equation describes clock pin to output pin timing for Stratix III devices.

The t,, from clock pin to I/O pin =

+ delay from clock pad to I/O output register
+ IOE output register clock-to-output delay
+ delay from output register to output pin

Figure 1-4. Output Register Clock to Output Timing Diagram

Datain — <:| Output
Output Register i
Clock > micro tco
i«—  Clock pad to output —>! i« Output Register to L
i Register delay : 3 output pin delay

Simulation using IBIS models is required to determine the delays on the PCB traces in
addition to the output pin delay timing reported by the Quartus II software and the
timing model in the device handbook.

1. Simulate the output driver of choice into the generalized test setup, using values
from Table 1-37.

2. Record the time to Vs at the far end of the PCB trace.

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 Vs at the far end of the PCB trace.

5. Compare the results of steps 2 and 4. The increase or decrease in delay should be
added to or subtracted from the I/O Standard Output Adder delays to yield the
actual worst-case propagation delay (clock-to-output) of the PCB trace.

The Quartus II software reports the timing with the conditions shown in Table 1-37
using the above equation. Figure 1-5 shows the model of the circuit that is
represented by the output timing of the Quartus II software.

Figure 1-5. Output Delay Timing Reporting Setup Modeled by Quartus Il Software for Single-Ended
Outputs and Dedicated Differential Qutputs (Note 1)

Output
Buffer

Notes to Figure 1-5:

(1) Output pin timing is reported at the output pin of the FPGA device. Additional delays for loading and board trace delay
need to be accounted for with IBIS model simulations.
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Figure 1-6 and Figure 1-7 show the model of the circuit that is represented by the
output timing of the Quartus II software for differential outputs with single and
multiple external resistors.

Figure 1-6. Output Delay Timing Reporting Setup Modeled by Quartus Il Software for Differential
Outputs with Single External Resistor

Non-Dedicated
Differential Outputs

VMEAS
>
>

VMEAS

Figure 1-7. Output Delay Timing Reporting Setup modeled by Quartus Il Software for Differential
Outputs with Three External Resistor

Non-Dedicated
Differential Outputs

> Vveas  Rs
I S——AAA
— Yvy
{ 3
AA
YVv
>(J, Vmeas  Rs

Table 1-37. Output Timing Measurement Methodology for Output Pins (Part 1 of 3)

AA
\
us)

b

AA
Yy
jus)

o

Measurement
Loading and Terminations Point
1/0 Standard Rs R, R, R: Veeo | Veer Ve Vi | G (pF) Vyeas (V)
3.3-VLVTTL — — — — | 3135 | 3135 | 1.05 — 0 1.5675
3.3-V LVCMOS — — — — | 3135 | 3135 | 1.05 — 0 1.5675
3.0-V LVTTL — — — — 285 | 285 | 1.05 — 0 1.425
3.0-V LVCMOS — — — — 2.85 | 285 | 1.05 — 0 1.425
2.5-V — — — — | 2375 | 2375 | 1.05 — 0 1.1875
1.8-V — — — — 1.71 | 2375 | 1.05 — 0 0.855
1.5-V — — — — | 1425 | 2375 | 1.05 — 0 0.7125
1.2-V — — — — 114 | 2375 | 1.05 — 0 0.57
PCI — — — — 2.85 | 2.85 | 1.05 — 10 1.425
PCI-X — — — — 2.85 | 2.85 | 1.05 — 10 1.425
SSTL-2 CLASS | 25 — 50 — | 2325|2325 | 1.02 | 1.25 0 1.1625
SSTL-2 CLASS Il 25 — 25 — | 2325|2325 | 1.02 | 1.25 0 1.1625
SSTL-18 GLASS | 25 — 50 — 166 | 2.325 | 1.02 | 0.90 0 0.83
SSTL-18 CLASS Il 25 — 25 — 166 | 2.325 | 1.02 | 0.90 0 0.83
SSTL-15 CLASS | 25 — 50 — | 1375 | 2325 | 1.02 | 0.75 0 0.6875
SSTL-15 CLASS |I 25 — 25 — | 1375 | 2325 | 1.02 | 0.75 0 0.6875
1.8-V HSTLCLASS | | — — 50 — 166 | 2.325 | 1.02 | 0.90 0 0.83
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Table 1-37. Output Timing Measurement Methodology for OQutput Pins (Part 2 of 3)

Measurement
Loading and Terminations Point

I/ 0 Standard Rs Rn Rr RP vcclo vccpn vcc vTT cl. (PF) vMEAS (V)
1.8-V HSTL — — 25 — 1.66 | 2325 | 1.02 0.90 0 0.83
CLASS Il
1.5-V HSTLCLASS || — — 50 — 1.375 | 2.325 | 1.02 0.75 0 0.6875
1.5-V HSTL — — 25 — 1.375 | 2.325 | 1.02 0.75 0 0.6875
CLASS Il
1.2-V HSTLCLASS || — — 50 — 1.09 | 2325 | 1.02 0.60 0 0.545
1.2-V HSTL — — 25 — 1.09 | 2325 | 1.02 0.60 0 0.545
CLASS Il
Differential SSTL-2 25 — 50 — 2.325 | 2.325 | 1.02 1.25 0 1.1625
CLASS |
Differential SSTL-2 25 — 25 — 2325 | 2.325 | 1.02 1.25 0 1.1625
CLASS Il
Differential SSTL-18 25 — 50 — 1.66 | 2.325 | 1.02 0.90 0 0.83
CLASS |
Differential SSTL-18 25 — 25 — 1.66 | 2.325 | 1.02 0.90 0 0.83
CLASS Il
1.8-V Differential — — 50 — 1.66 | 2.325 | 1.02 0.90 0 0.83
HSTL CLASS |
1.8-V Differential — — 25 — 1.66 | 2.325 | 1.02 0.90 0 0.83
HSTL CLASS Il
1.5-V Differential — — 50 — 1.375 | 2.325 | 1.02 0.75 0 0.6875
HSTL CLASS |
1.5-V Differential — — 25 — 1.375 | 2.325 | 1.02 0.75 0 0.6875
HSTL CLASS Il
1.2-V Differential — — 50 — 1.09 | 2325 | 1.02 0.60 0 0.545
HSTL CLASS |
1.2-V Differential — — 25 — 1.09 | 2325 | 1.02 0.60 0 0.545
HSTL CLASS Il
LVDS — 100 — — 2.325 | 2.325 | 1.02 — 0 1.1625
MINI-LVDS — 100 — — 2.325 | 2.325 | 1.02 — 0 1.1625
RSDS — 100 — — 2.325 | 2.325 | 1.02 — 0 1.1625
LVDS_E_1R — 100 — 120 | 2.325 | 2.325 | 1.02 — 0 1.1625
LVDS_E_3R 120 100 — 170 | 2.325 | 2.325 | 1.02 — 0 1.1625
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Table 1-37. Output Timing Measurement Methodology for Output Pins (Part 3 of 3)
Measurement
Loading and Terminations Point
1/0 Standard Rs R, R; R. Veeo Ve Ve Vo C. (pF) Viseas (V)
MINI-LVDS_E_1R — 100 — 120 2.325 | 2.325 | 1.02 — 0 1.1625
MINI-LVDS_E_3R 120 100 — 170 2.325 | 2.325 | 1.02 — 0 1.1625
RSDS_E_1R — 100 — 120 2.325 | 2.325 | 1.02 — 0 1.1625
RSDS_E_3R 120 100 — 170 2.325 | 2.325 | 1.02 — 0 1.1625
Notes to Table 1-37:
(1) Hyper transport is not supported by Stratix 11
(2) LVPECL outputs are not supported by Stratix Il1.
(3) Quartus timing conditions can be changed using the Advanced 1/0 Timing feature.
(4) Vg is nominally 1.1V less 50 mV (1.05 V).
(5) Terminated 1/0 standards require an additional 30 mV IR drop on V¢ (1.02 V).
(6) Terminated I/0 standards required an additional 50 mV IR drop on Vcgeand Veepp.
1/0 Default Capacitive Loading
See Table 1-38 for default capacitive loading of different I/O standards.
Table 1-38. Default Loading of Different I/0 Standards for Stratix Ill (Part 1 of 2)
Capacitive
1/0 Standard Load Unit
3.3-V LVTTL 0 pF
3.3-V LVCMOS 0 pF
3.0-V LVTTL 0 pF
3.0-V LVCMOS 0 pF
2.5-V LVTTL/LVCMOS 0 pF
1.8-V LVTTL/LVCMOS 0 pF
1.5-V LVTTL/LVCMOS 0 pF
3.0-V PCI 10 pF
3.0-V PCI-X 10 pF
SSTL-2 CLASS | 0 pF
SSTL-2 CLASS 1l 0 pF
SSTL-18 CLASS | 0 pF
SSTL-18 CLASS Il 0 pF
1.5-V HSTL CLASS | 0 pF
1.5-V HSTL CLASS Il 0 pF
1.8-V HSTL CLASS | 0 pF
1.8-V HSTL CLASS Il 0 pF
1.2-V HSTL 0 pF
Differential SSTL-2 CLASS | 0 pF
Differential SSTL-2 CLASS 1l 0 pF
Differential SSTL-18 CLASS | 0 pF
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Table 1-38. Default Loading of Different I/0 Standards for Stratix Ill (Part 2 of 2)

Capacitive
1/0 Standard Load Unit
Differential SSTL-18 CLASS Il 0 pF
1.8-V Differential HSTL CLASS | 0 pF
1.8-V Differential HSTL CLASS Il 0 pF
1.5-V Differential HSTL CLASS | 0 pF
1.5-V Differential HSTL CLASS Il 0 pF
1.2-V Differential HSTL CLASS | 0 pF
1.2-V Differential HSTL CLASS Il 0 pF
LVDS 0 pF

Maximum Input and Output Clock Toggle Rate

Maximum clock toggle rate is defined as the maximum frequency achievable for a
clock type signal at an I/O pin. The I/O pin can be a regular I/O pin or a dedicated
clock I/0O pin.

The maximum clock toggle rate is different from the maximum data bit rate. If the
maximum clock toggle rate on a regular I/O pin is 300 MHz, the maximum data bit
rate for double data rate (DDR) could be potentially as high as 600 Mbps on the same
I/0 pin.

Table 1-39 specifies the maximum input toggle rates for column I/O pins. Table 1-40
specifies the maximum output toggle rates at 0 pF load for column I/O pins at
Quartus II default (fast) slew rate setting.

Table 1-41 specifies the maximum input toggle rates for row 1/O pins. Table 1-42
specifies the maximum output toggle rates at 0 pF load for row I/O pins at Quartus II
default (fast) slew rate setting.

Table 1-43 specifies the maximum input toggle rates for clock pins. Table 1-44
specifies the maximum output toggle rates at 0 pF load for clock pins at Quartus II
default (fast) slew rate setting.

Table 1-45 and Table 1-47 specifies the derating factors for the output clock toggle
rate for column I/0O pins , row 1/O pins and dedicated clock output pins respectively
for a non 0 pF load at Quartus II default (fast) slew rate setting.

To calculate the output toggle rate for a non 0 pF load, use this formula:

The toggle rate for a non-0 pF load =
1000 / (1000/toggle rate at 0 pF load + derating factor x load value in pF/1000)

For example, the output toggle rate at 0 pF load for SSTL-18 Class II 16-mA 1/0O
standard is 400 MHz on a C2 device column output pin. The derating factor is
150 ps/pE.
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For a 10 pF load the toggle rate is calculated as:
Equation 1-2.
250( MHz) = 1000
1000 150(£)
400 1000
Table 1-39. Maximum Input Toggle Rate on Stratix /| Devices for Golumn I/0 Pins (Part 1 of 2)
C2 C3, I3 C4,14 CAL, 14L

I/0 Standard Vi=1.1V Vie,=1.1V Vie=1.1V Vie=1.1V Ve, =0.9V Units
3.3-V LVTTL 400 350 350 350 350 MHz
3.3-V LVCMOS 400 350 350 350 350 MHz
3.0-V LVTTL 400 350 350 350 350 MHz
3.0-V LVCMOS 400 350 350 350 350 MHz
25V 400 350 350 350 350 MHz
1.8V 400 350 350 350 350 MHz
15V 400 350 350 350 350 MHz
1.2V 400 350 350 350 350 MHz
SSTL-2 CLASS | 600 550 550 550 550 MHz
SSTL-2 CLASS 11 600 550 550 550 550 MHz
SSTL-18 CLASS | 600 550 550 550 550 MHz
SSTL-18 CLASS Il 600 550 550 550 550 MHz
SSTL-15 CLASS | 600 550 550 550 550 MHz
SSTL-15 CLASS I 600 550 550 550 550 MHz
1.8-V HSTL CLASS | 600 550 550 550 550 MHz
1.8-V HSTL CLASS Il 600 550 550 550 550 MHz
1.5-V HSTL CLASS | 600 550 550 550 550 MHz
1.5-V HSTL CLASS Il 600 550 550 550 550 MHz
1.2-V HSTL CLASS | 600 550 550 550 550 MHz
1.2-V HSTL CLASS Il 600 550 550 550 550 MHz
3.0-V PCI 400 350 350 350 350 MHz
3.0-V PCI-X 400 350 350 350 350 MHz
DIFFERENTIAL 1.2-V HSTL 600 550 550 550 550 MHz
CLASS |
DIFFERENTIAL 1.2-V HSTL 600 550 550 550 550 MHz
CLASS II
DIFFERENTIAL 1.5-V HSTL 600 550 550 550 550 MHz
CLASS |
DIFFERENTIAL 1.5-V HSTL 600 550 550 550 550 MHz
CLASS II
DIFFERENTIAL 1.8-V HSTL 600 550 550 550 550 MHz
CLASS |
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Table 1-39. Maximum Input Toggle Rate on Stratix |1l Devices for Column I/0 Pins (Part 2 of 2)
C2 C3, 13 C4, 14 C4aL, 14L
1/0 Standard Ve =1.1V Veo=1.1V Veo=1.1V Vee=1.1V Veo,=0.9V Units
DIFFERENTIAL 1.8-V HSTL 600 550 550 550 550 MHz
CLASS 1l
DIFFERENTIAL 1.5-V SSTL 600 550 550 550 550 MHz
CLASS |
DIFFERENTIAL 1.5-V SSTL 600 550 550 550 550 MHz
CLASS 1l
DIFFERENTIAL 1.8-V SSTL 600 550 550 550 550 MHz
CLASS |
DIFFERENTIAL 1.8-V SSTL 600 550 550 550 550 MHz
CLASS 1l
DIFFERENTIAL 2.5-V SSTL 600 550 550 550 550 MHz
CLASS |
DIFFERENTIAL 2.5-V SSTL 600 550 550 550 550 MHz
CLASS 1l
LVDS 800 717 717 717 717 MHz
MINI-LVDS 500 450 450 450 450 MHz
RSDS 500 450 450 450 450 MHz
LVPECL 400 350 350 350 350 MHz
Table 1-40. Maximum Output Toggle Rate on Stratix 11l Devices for Column I/0 Pins (Note 1) (Part 1 of 5)
G2 C3, 13 C4, 14 C4L, 14L
Current
1/0 Standard Strength Ve =1.1V Ve =1.1V Vee=1.1V Ve =11V V., =0.9V Unit
3.3-V LVTTL 4 mA 150 140 130 130 130 MHz
8 mA 250 230 220 220 220 MHz
12 mA 350 310 290 290 290 MHz
16 mA 400 370 350 350 350 MHz
3.3-V LVCMOS 4 mA 100 90 80 80 80 MHz
8 mA 200 180 170 170 170 MHz
12 mA 350 290 250 250 250 MHz
16 mA 400 370 350 350 350 MHz
3.0-V LVTTL 4 mA 150 130 120 120 120 MHz
8 mA 250 230 220 220 220 MHz
12 mA 350 310 280 280 280 MHz
16 mA 400 360 330 330 330 MHz
3.0-V LVCMOS 4 mA 150 120 100 100 100 MHz
8 mA 250 230 210 210 210 MHz
12 mA 350 310 280 280 280 MHz
16 mA 400 360 330 330 330 MHz
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Table 1-40. Maximum Output Toggle Rate on Stratix Ill Devices for Column 1/0 Pins (Note 1) (Part 2 of 5)
G2 C3,13 C4, 14 C4L, 14L
Current
1/0 Standard Strength Vee=1.1V V=11V Veu=1.1V V=11V Ve=0.9V | Unit
25V 4 mA 150 120 100 100 100 MHz
8 mA 250 220 200 200 200 MHz
12 mA 350 270 210 210 210 MHz
16 mA 400 360 330 330 330 MHz
1.8V 2 mA 100 80 70 70 70 MHz
4 mA 150 140 140 140 140 MHz
6 mA 200 160 140 140 140 MHz
8 mA 250 210 160 160 160 MHz
10 mA 300 260 240 240 240 MHz
12 mA 350 320 290 290 290 MHz
1.5V 2 mA 100 70 60 60 60 MHz
4 mA 150 110 90 90 90 MHz
6 mA 200 150 130 130 130 MHz
8 mA 250 180 140 140 140 MHz
10 mA 300 260 240 240 240 MHz
12 mA 350 340 310 310 310 MHz
1.2V 2 mA 100 80 60 60 60 MHz
4 mA 150 120 110 110 110 MHz
6 mA 200 150 120 120 120 MHz
8 mA 250 230 220 220 220 MHz
SSTL-2 CLASS | 8 mA 540 470 420 420 420 MHz
10 mA 700 620 550 550 550 MHz
12 mA 800 750 710 710 710 MHz
SSTL-2 CLASS 1l 16 mA 580 550 530 530 530 MHz
SSTL-18 CLASS | 4 mA 200 120 90 90 90 MHz
6 mA 450 280 200 200 200 MHz
8 mA 540 500 470 470 470 MHz
10 mA 650 600 550 550 550 MHz
12 mA 720 650 580 580 580 MHz
SSTL-18 CLASS I 8 mA 530 510 490 490 490 MHz
16 mA 800 780 730 730 730 MHz
SSTL-15 CLASS | 4 mA 100 80 70 70 70 MHz
6 mA 450 410 370 370 370 MHz
8 mA 550 530 490 490 490 MHz
10 mA 770 680 610 610 610 MHz
12 mA 800 720 650 650 650 MHz
SSTL-15 CLASS I 8 mA 530 510 490 490 490 MHz
16 mA 800 780 730 730 730 MHz
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Table 1-40. Maximum Output Toggle Rate on Stratix Ill Devices for Column 1/0 Pins (Note 1) (Part 3 of 5)

c2 €3, I3 c4, 14 cAL, 14L
Current
1/0 Standard Strength Ve =1.1V Ve =1.1V Vee=1.1V Ve =1.1V Ve,=0.9V | Unit
18-V HSTL CLASS | 4 mA 80 60 50 50 50 MHz
6 mA 300 270 250 250 250 MHz
8 mA 440 420 410 410 410 MHz
10 mA 470 440 410 410 410 MHz
12 mA 540 520 510 510 510 MHz
1.8-V HSTL CLASS Ii 16 mA 570 540 520 520 520 MHz
1.5-V HSTL CLASS | 4 mA 200 190 180 180 180 MHz
6 mA 450 410 390 390 390 MHz
8 mA 500 490 480 480 480 MHz
10 mA 740 690 650 650 650 MHz
12 mA 800 750 710 710 710 MHz
1.5-V HSTL CLASS II 16 mA 600 590 590 590 590 MHz
1.2-V HSTL CLASS | 4 mA 250 240 230 230 230 MHz
6 mA 450 410 380 380 380 MHz
8 mA 540 500 460 460 460 MHz
10 mA 720 670 630 630 630 MHz
12 mA 800 790 790 790 790 MHz
1.2-V HSTL CLASS II 16 mA 550 530 510 510 510 MHz
DIFFERENTIAL1.2-VHSTL | 4 mA 250 240 230 230 230 MHz
CLASS | 6 mA 450 410 380 380 380 MHz
8 mA 540 500 460 460 460 MHz
10 mA 720 670 630 630 630 MHz
12 mA 800 790 790 790 790 MHz
DIFFERENTIAL1.2-VHSTL | 16 mA 550 530 510 510 510 MHz
CLASS Il
DIFFERENTIAL15-VHSTL | 4 mA 200 190 180 180 180 MHz
CLASS | 6 mA 450 410 390 390 390 MHz
8 mA 500 490 480 480 480 MHz
10 mA 740 690 650 650 650 MHz
12 mA 800 750 710 710 710 MHz
DIFFERENTIAL1.5-VHSTL | 16 mA 600 590 590 590 590 MHz
CLASS Il
DIFFERENTIAL1.8-VHSTL | 4 mA 80 60 50 50 50 MHz
CLASS | 6 mA 300 270 250 250 250 MHz
8 mA 440 420 410 410 410 MHz
10 mA 470 440 410 410 410 MHz
12 mA 540 520 510 510 510 MHz
DIFFERENTIAL1.8-VHSTL | 16 mA 570 540 520 520 520 MHz
CLASS Il
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Table 1-40. Maximum Output Toggle Rate on Stratix Ill Devices for Column 1/0 Pins (Note 1) (Part 4 of 5)
c2 €3, 13 C4, 14 caL, 14L

Current
1/0 Standard Strength Ve =1.1V Ve =1.1V Vee=1.1V Ve =1.1V Ve,=0.9V | Unit
DIFFERENTIAL15-VSSTL | 4 mA 100 80 70 70 70 MHz
CLASS | 6 mA 450 410 370 370 370 MHz
8 mA 550 530 490 490 490 MHz
10 mA 770 680 610 610 610 MHz
12 mA 800 720 650 650 650 MHz
DIFFERENTIAL15-VSSTL | 8 mA 530 510 490 490 490 MHz
CLASS I 16 mA 800 780 730 730 730 MHz
DIFFERENTIAL1.8-VSSTL | 4 mA 200 120 90 90 90 MHz
CLASS | 6 mA 450 280 200 200 200 MHz
8 mA 540 500 470 470 470 MHz
10 mA 650 600 550 550 550 MHz
12 mA 720 650 580 580 580 MHz
DIFFERENTIAL1.8-VSSTL | 8mA 530 510 490 490 490 MHz
CLASS I 16 mA 800 780 730 730 730 MHz
DIFFERENTIAL25-VSSTL | 8 mA 540 470 420 420 420 MHz
CLASS | 10 mA 700 620 550 550 550 MHz
12 mA 800 750 710 710 710 MHz
DIFFERENTIAL 25-VSSTL | 16 mA 580 550 530 530 530 MHz

CLASS II

3.0-V PCI — 400 380 360 360 360 MHz
3.0-V PCI-X — 400