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=\ 1. Stratix Il Device Datasheet: DC and

® Switching Characteristics

Electrical Characteristics

This chapter describes the electrical characteristics, switching characteristics, and I/O
timing for Stratix® III devices. Electrical characteristics include operating conditions
and power consumption. Switching characteristics include core performance
specifications and periphery performance. A glossary is also included for your
reference.

Operating Conditions

When Stratix III 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
described 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 a “C” prefix and industrial with an “I” prefix. For
example, commercial devices are 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. Absolute Maximum Ratings for Stratix 11l Devices (Note 1) (Part 1 of 2)

Symbol Parameter Minimum Maximum Unit
Ve Selectable core voltage power supply -0.5 1.65 V
Vee I/0 registers power supply -0.5 1.65 v
Voo pu Phase-locked loop (PLL) digital power supply -0.5 1.65 vV
Voo pue PLL analog power supply -0.5 3.75 v
Veeer Programmable power technology power supply -0.5 3.75 V
Vecram 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
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Table 1-1. Absolute Maximum Ratings for Stratix 11l Devices (Note 1) (Part 2 of 2)

Symbol Parameter Minimum Maximum Unit
Differential clock input power supply (top and bottom 1/0

Voo ouen panks only) putp pply (top 0.5 3.75 v
Battery back-up power supply for design security volatile

Voosnr ey reéister PP PRl g y 0.5 3.75 v

vV, DC Input voltage -0.5 4.0 v

T, Operating junction temperature -55 125 °C

lour DC output current, per pin -25 40 mA

Tsre 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.

[

Sinusoidal Maximum Allowed Overshoot/Undershoot Voltage

During transitions, input signals may overshoot to the voltage listed 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 overshoots to
4.2V can only be at 4.2 V for 15.8% over the lifetime of the device; for a device lifetime
of 10 years, this is equivalent to 15.8% of ten years which is 18.96 months. Figure 1-1
shows how to determine the overshoot duration.

Figure 1-1. 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% I/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
Symbol Parameter Condition 0vershootHIiJ:|r‘a;ii:l|;as a%of | it
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 %
Vi (AC) AC Input Voltage (1) 14 1650 %
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. Table 1-3 lists the steady-state voltage and current values expected
from Stratix III devices. All supplies are required to monotonically reach their full-rail

values within tgp.

Table 1-3. Recommended Operating Conditions for Stratix 11| Devices (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Selectable core voltage power supply for . 105 11 115 v
v internal logic and input buffers ' ' ’
CcCL
Selectable core vqltage power supply for . 0.86 0.9 0.94 v
internal logic and input buffers
Ve I/0 registers power supply — 1.05 1.1 1.15 v
Voo i PLL digital power supply — 1.05 1.1 1.15 v
Voo pue PLL analog power supply — 2.375 2.5 2.625 V
Vogr ;%n/ﬁglsz)tgply for the programmable power . 9375 95 9 625 v
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Table 1-3. Recommended Operating Conditions for Stratix 11| Devices (Part 2 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Configuration pins power supply, 3.3 V — 3.135 3.3 3.465 V
Vo Configuration pins power supply, 3.0 V — 2.85 3 3.15 V
Configuration pins power supply, 2.5 V — 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, 3.3 V — 3.135 3.3 3.465 V
Veern (1) I/0 pre-driver power supply, 3.0 V — 2.85 3 3.15 V
I/0 pre-driver power supply, 2.5 V — 2.375 2.5 2.625 \
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, 1.8 V — 1.71 1.8 1.89 v
I/0 power supply, 1.5V — 1.425 1.5 1.575 v
I/0 power supply, 1.2 V — 1.14 1.2 1.26 V
Ve | et dockgonersopy it || gqrs | a5 | oo | v
I L
vV, DC Input voltage — -0.3 — 3.6 \
Vo Output voltage — 0 — Veeio v
Forcolrgr;lercial 0 . 85 oC
T, Operating junction temperature - -
For industrial 40 . 100 oC
use (2)
| honay | o | = | om |-
Power Supply Ramptime (For Veer)
Fast POR 50 s . 5 ms .
(PORSEL=1)
t Normal POR
Power Supply Ramptime (For all power (PORSEL=0) S0 o 100ms | —
supplies except Veer) Fast POR 50 1s . 12 ms .
(PORSEL=1)

Notes to Table 1-3:

(1) Vgeppis 2.5, 3.0, or 3.3 V. For a 3.3-V I/0 standard, Vgpp = 3.3 V. For a 3.0-V I/0 standard, Vgpp = 3.0 V. For a 2.5-V or lower 1/0 standard,
Vegep = 2.5 V.

(2) Forthe EP3SL340, EP3SE260, and EP3SL200 devices in the 14L ordering code, the industrial junction temperature range is from 0° C to
100° C, regardless of supply voltage.

(3) Altera recommends a 3.0-V nominal battery voltage when connecting Vcgar to a battery for volatile key backup. If you do not use the volatile
security key, you may connect the V¢ggar to either GND or a 3.0-V power supply.
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DC Characteristics

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

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. Because 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 ¢y and Veepey: Use the EPE to get
supply current estimates for the remaining power supplies.

Table 1-4. Supply Current Specifications for Vgg ¢ iy @and Vegpgu

Symbol Parameter Min Max Unit
Lk Ve o CUTrent specifications 0 250 mA
o Veerem CUTTENt specifications 0 250 mA
I/0 Pin Leakage Current
Table 1-5 lists Stratix III I/O pin leakage current specifications.
Table 1-5. I/0 Pin Leakage Current for Stratix Il Devices (Note 1), (2)
Symbol Parameter Conditions Min | Typ | Max | Unit
I Input Pin Leakage Current V) = Vegom 10 0V -10 — 10 uA
Tri-stated 1/0 Pin Leakage
oz Current g Vo= Vooam 100V | 10 | — | 10 | pA

Notes to Table 1-5:

(1

2

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

observed when the diode is on.

Bus Hold Specifications

Table 1-6 lists the Stratix III device family bus hold specifications.

Table 1-6. Bus Hold Parameters for Stratix Ill Devices (Part 1 of 2)

The 10-uA 1/0 leakage current limit is applicable when the internal clamping diode is off. A higher current can be

VBBII)
Parameter Symbol | Conditions 1.2V 1.5V 1.8V 25V 3.0V/3.3V | Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

Low sustaining Vin> Vi . . . . .

current lsust (maximum) 22.5 25.0 30.0 50.0 70.0 HA
High sustaining Vin < Viy ) ] ] ] ] .

current IsusH (minimum) 22.5 25.0 30.0 50.0 70.0 HA
Low overdrive

current lont O0V<Vig<Vego | — 120 — 160 — 200 — 300 — 500 | pA
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Table 1-6. Bus Hold Parameters for Stratix |1l Devices (Part 2 of 2)

VBBII)

Parameter Symbol | Conditions 1.2V 1.5V 1.8V 25V 3.0V/3.3V | Unit

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

High overdrive

current lopH 0V <V, <Vgo — |-120 | — | -160 | — | -200 | — | -300 | — | -500 | pA
Bus-hold trip
point Virp — 045 | 0.95 | 050 | 1.00 | 068 | 1.07 | 0.70 | 1.70 | 0.80 | 2.00 | V

On-Chip Termination (OCT) Specifications

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

Table 1-7. On-Chip Termination Calibration Accuracy Specifications for Stratix Ill Devices (Note 1)

Calibration
Accuracy
Symbol Description Conditions Unit
2 C3, | G4,
I3 14
25-QRs(2) Internal series termination with | Voo = .8 .8 | 18 o
3.3,3.0,25/18,15,1.2 calibration (25-Q setting) 3.3,3.0,25,18,15,1.2V - °
50-Q Rs Internal series termination with | Vg = 8| 8| 8 | %
3.3,3.0,25,1.8,15,1.2 calibration (50-Q setting) 3.3,3.0,25,18,15,1.2V - - - °

Internal parallel termination with
calibration (50-Q setting)

Expanded range for internal Voo =
20-Q Rsto 60-Q Rg series termination with o 0
33,30,25,18,1512 | calibration ‘?33 30,2518,15,12V | 10 | £10 | £10 | %
(Between 20-Q to 60-Q setting)

Internal left shift series
25-Q Rs ot nit termination with calibration
(25-Q Rs o1 snire SELLING)

Internal series termination with
calibration

50-QR;2.5,1.8,1.5,1.2 Vego=2.5,1.8,15,1.2V +10 | 10 | £10 | %

Vccm =
3.3,3.0,25,18,15,1.2V

(4)

R 0CT_CAL

Notes to Table 1-7:

(1) OCT calibration accuracy is valid at the time of calibration only.

(2) 25-Q Rg not supported for 1.5V and 1.2 V in Row 1/0.

(3) 1.5Vand 1.2 Vonly supports 40-C2 to 60-Q2 expanded range.

(4) For resistance tolerance after power-up calibration, refer to Equation 1-1 and Table 1-9 on page 1-8.
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Table 1-8. On-Chip Termination Resistance Tolerance Specification for Stratix Il Devices

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 OCT.

Resistance Tolerance
Symbol Description Conditions Unit
G2 |C3,13|C4,14
R Internal series termination without -
OeT- e calibration
i Internal series termination without _ 0
25-Q Rg3.3,3.0,2.5 calibration (25-Q setting) Vego =3.3,3.0,2.5V +30 | #40 |40 %o
i Internal series termination without _ 0
25-Q Rs1.8,1.5 calibration (25-Q setting) Veoo =1.8,1.5V +30 | #30 |50 %o
i Internal series termination without _ 0
25-QRs1.2 calibration (25-Q setting) Vego = 1.2V +35 |#60 |60 %o
i Internal series termination without _ 0
90-Q Rs3.3,3.0,2.5 calibration (50-Q setting) Voo =3.3,3.0,2.5V +30 | #40 |40 %o
i Internal series termination without _ 0
90-QRg1.8,1.5 calibration (50-Q setting) Voo =1.8,1.5V +30 | £30 |50 %o
i Internal series termination without _ 0
90-QRs1.2 calibration (50-Q setting) Vego = 1.2V +35 |#60 |60 %o
Internal differential termination for _ ) 0
R LVDS technology (100-Q setting) Veoo=2.5V 1510 35 o

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 (Note 1)

R R

Notes to Equation 1-1:
Rocr value calculated from Equation 11 shows the range of OCT resistance with the variation of temperature and

M

@)
@)
4)
()
(6)

Vecio-

Rscac is the OCT resistance value at power-up.
AT is the variation of temperature with respect to the temperature at power-up.
AV is the variation of voltage with respect to the Vg at power-up.
dR/dT is the percentage change of Rgca with temperature.

dR/dV is the percentage change of Rgca With voltage.
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Table 1-9. On-Chip Termination Variation after Power-up Calibration  (Note 1)

Symbol Description Voo (V) c“}"',';'i"c;ﬁia' Unit
3 0.029 %/mV
2.5 0.036 %/mV
dR/dV OCT variation with voltage without re-calibration 1.8 0.065 Y%/mV
1.5 0.104 %/mV
1.2 0.177 %/mV
3 0.294 %/°C
2.5 0.301 %/°C
dR/dT OCT variation with temperature without re-calibration 1.8 0.355 %/°C
1.5 0.344 %/°C
1.2 0.348 %/°C
Note to Table 1-9:
(1) Valid for Vg range of + 5% and temperature range of 0° to 85° C.
Pin Capacitance
Table 1-10 lists the Stratix III device family pin capacitance.
:I'able 1-10. Pin Capacitance for Stratix Il Device Family
Symbol Parameter Typical | Unit
Ciors Input capacitance on top and bottom 1/0 pins 4 pF
Ciown Input capacitance on left and right I/0 pins 4 pF
Cos Input capacitance on'top anq bottom 4 oF
non-dedicated clock input pins
Cons Input capacitance onlleft anc right 4 oF
non-dedicated clock input pins
Cosrs Input capacitance on dcal-purpose clock 5 oF
output and feedback pins
Cewr, Cerks, Couke, and Iaput capacitance for dedicated clock input 9 oF
Cewxio pins

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

Table 1-11. Hot-Socketing Specifications for Stratix Il Devices

Symbol Parameter Maximum
|liopn| (DC) DC current per I/0 pin 300 pA
[lioem|(AC) AC current per I/0 pin 8 mA (1)

Note to Table 1-11:

(1) The 1/0 ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |l,gpiy| = C dv/dt, in which C is 1/0 pin
capacitance and dv/dt is the slew rate.
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Internal Weak Pull-Up Resistor

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

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

Symbol Parameter Conditions Min Typ Max Unit
Value of the 1/0 pin pull- | Vo= 3-3V + 5% (2) — | ® | = | ke
up resistor before and | Voo =3.0V £ 5% (2) — 25 — kQ
during configuratioln, 3 | \,0=25V 5% (2) _ o5 _ o)

Rey well as user mode if the S
programmable pull-up | Veeo=1.8V £ 5% (2) —_ 25 — kQ
resistor option is Veeo=15V 5% (2) — 25 — kQ
enabled Veoo= 1.2V £5% (2) — | 25 | — | ka

Notes to Table 1-12:
(1) All'l/0 pins have an option to enable weak pull-up except configuration, test, and JTAG pins.
(2) Pin pull-up resistance values may be lower if an external source drives the pin higher than V.

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

1/0 Standard Specifications

The following tables list input voltage sensitivities (Vy; and Vi), output voltages
(Vou and V), and current drive characteristics (Ioy and Io,) for all I/0O standards
supported by Stratix III devices. Vo and Voy values are valid at the corresponding
Io. and Iy, respectively.

Table 1-13 through Table 1-18 list the Stratix III device family I/O standard
specifications. Refer to “Glossary” on page 1-326 for an explanation of terms used in
the Table 1-14 through Table 1-18.

Table 1-13. Single-Ended I/0 Standards Specifications

vnnm (V) vIL (V) le (V) v“'- (V) v“" (V) 0L IOH
I/0 Standard mA) | (mA)
Min | Typ | Max | Min Max Min Max Max Min
3.3-V LVTTL 3135 | 3.3 |3.465]-0.3 0.8 1.7 3.6 0.4 2.4 2 2
3.0-V LVTTL 2.85 3 3.15 | -0.3 0.8 1.7 3.6 0.4 2.4 2 2
3.3-V LVCMOS | 3.135 | 3.3 |3.465 | -0.3 0.8 1.7 3.6 0.2 Ve - 0.2 0.1 -0.1
3.0-V LVCMOS | 2.85 3 3.15 | -0.3 0.8 1.7 3.6 0.2 Ve - 0.2 0.1 -0.1
25 |2625|-0.3 0.7 1.7 3.6 0.2 2.1 0.1 -0.1
2.5-V LVTTL/
LVCMOS 2375 | 25 |2625|-0.3 0.7 1.7 3.6 0.4 2 1 -1
25 |2625|-0.3 0.7 1.7 3.6 0.7 1.7 2 2
1.8-V LVTTL/ * *
LVCMOS 1.71 1.8 | 1.89 | -0.3 | 0.35 * Vggo | 0.65* Vigo | Voo + 0.3 0.45 Voo - 0.45 2 2
1.5-V LVTTL/ N N
LVCMOS 1425 | 1.5 [ 1575 | -0.3 | 0.35 * Vg | 0.65 * Vo | Veeo + 0.3 | 0.25 * Vigo | 0.75 * Vo 2 -2
1.2-V LVTTL/ N N
LVCMOS 1.14 1.2 1.26 | -0.3 | 0.35 * Vo | 0.65 * Vigo | Veeo + 0.3 | 0.25 * Viggio | 0.75 * Vigyo 2 -2
3.0-V PCI 2.85 3 315 | — | 03* Vo | 0.5* Vigo 3.6 0.1 *Vego | 0.9 * Vg 15 | -05
3.0-V PCI-X 2.85 3 315 | — | 0.35* Vo | 0.5* Vigo — 0.1 *Vego | 0.9 * Vg 15 | -05
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Refer to the figure in “Single-Ended Voltage Referenced I/O Standard” in the
“Glossary” on page 1-326 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

/0 Veen (V) Vier (V) Vr(V)
Standard | win | Typ | Max Min Typ Max Min Typ Max
SSTL-2 . . . ]
CLASS I, 1l 2.375 2.5 2.625 0.49 * Voo 0.5 " Vego 0.51 * Vego Veer - 0.04 Veer Veer + 0.04
SSTL-18
CLASS |, I 1.71 1.8 1.89 0833 09 0969 VREF -0.04 VREF VREF +0.04
SSTL-15 . . . . R
CLASS I, I 1.425 1.5 1.575 0.47 * Vg0 0.5 * Vo 0.53 * Vo 0.47 * Vg Veer 0.53 * Ve
HSTL-18
CLASS I I 1.71 1.8 1.89 0.85 0.9 0.95 — Vigo/2 —
HSTL-15
CLASS I, I 1.425 1.5 1.575 0.68 0.75 0.9 — Veao/2 —
HSTL-12 . . . B .
CLASS |‘ 1 1.14 1.2 1.26 0.47 Vccm 05 Vccm 0.53 Vccm Vccm/2
Table 1-15. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications (Note 1) (Part 1 of 2)

1/0 Vo) (V) Viary (V) Ve (V) | Vi (V) Va (V) Ve (V) oL | 1,
Standard | pjip | Max Min Max Max Min Max Min | (MA) | (mA)
SSTL-2
CLASS I '03 VREF - 015 VR[F +01 5 Vccm + 03 VREF - 031 VREF+ 031 VTT = 057 VTT + 057 81 -81
SSTL-2
CLASS 1| -0.3 Veee - 0.15 Veer +0.15 Veeo + 0.3 Ve - 0.31 Veer+ 0.31 VIT-0.76 | VIT+0.76 | 16.2 | -16.2
SSTL-18 VIT- | VIT+
oass | 03 | Vee0125 | V40125 | Vigo#03 | V025 | Vies025 | o0 | ool | 67 | -67
SSTL-18 -0.3 Vig -0.125 | Vier +0.125 Veoo + 0.3 Vier -0.25 Veer + 0.25 0.28 Veeo- 028 | 13.4 | -13.4
CLASS II
SSTL-15 . .

CLASS | 0.3 | Ver-01 | Vig401 | Vego#0.3 | Vegr-0.175 | Vi +0.175 | 0.2 *Vggo | 0.8* Ve | 8 | -8
SSTL-15 . . ]
CLASS 1l -0.3 Vier -0.1 Vigr +0.1 Voo + 0.3 Veer -0.175 | Ve + 0175 0.2 * Vg 0.8 * Vego 16 16
HSTL-18

CLASS | -0.3 Veer -0.1 Ve 0.1 Veao + 0.3 Veer -0.2 Vege + 0.2 0.4 Voo - 0.4 8 -8
HSTL-18

CLASS 1| -0.3 Veer -0.1 Vee +0.1 Veoo + 0.3 Vier 0.2 Vier + 0.2 04 Veeo - 0.4 16 -16
HSTL-15

CLASS | -0.3 Veer -0.1 Ve 0.1 Veao + 0.3 Veer -0.2 Vege + 0.2 0.4 Voo - 0.4 8 -8
HSTL-15

CLASS II -0.3 Ve -0.1 Veer +0.1 Veoo + 0.3 Vier 0.2 Vier + 0.2 04 Veeo - 0.4 16 -16
HSTL-12 . .

CLASS | -0.15 | Vi -0.08 | Vi +0.08 | Vo + 015 | Vi -0.15 | Viege+ 015 | 0.25* Voo | 0.75 * Vigo 8 -8
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Table 1-15. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications (Note 1) (Part 2 of 2)

I/o vIL(I]B) (v) vIH(IJB) (v) vIL(AB) (v) vIH(AB) (v) vIlL (v) vIlH (v) IOL II]H
Standard | iy | May Min Max Max Min Max Min | (mA) | (mA)
HSTL-12 N N
CLASS Il -0.15 | Vg -0.08 | Vi +0.08 Voo +0.15 | Ve =015 | Veee+ 015 | 0.25% Vo | 0.75 * Vigo 16 -16

Note to Table 1-15:

(1)

OCT or lower current strengths may provide better signal integrity and lower power.

Use the current strength settings that are equal or larger than the lg_ and Igy values listed to meet the Vo, and Vgy specifications for each line.

Refer to the figures for “Differential I/O Standards” in “Glossary” on page 1-326 for
the receiver input and transmitter output waveforms, and for all the differential I/O
standards (LVDS, mini-LVDS, RSDS). Vcc cixn is the power supply for the differential
column clock input pins. Vccpp is the power supply for the row 1/Os and all other
column I/Os.

Table 1-16. Differential SSTL /0 Standard Specifications

|/0 vnnln (V) vswmn(nn) (V) vxum) (V) vswmnu\n) (V) vnxum) (V)
Standard | win | Typ | Max | Min | Max | Min | Typ | Max | Min | Max | Min | Typ | Max
SSTL-2 Vccwo Vccm/z Vccm/z Vccm Vccm/z V, 0/2+
2375 | 25| 2625 | 0.3 — 0.62 — «
CLASS I 1i +06 | -02 +0.2 +0.6 | -0.15 0.15
SSTL-18 Vccwo Vccm/z Vccm/z Vccm Vccm/z Veeo/2
1.8 | 1.89 | 0.25 — 0.5 — e
CLASS I, i +0.6 | -0.175 +0.175 +0.6 | -0.125 +0.125
SSTL-15
CLASS 1. I 1425 | 15 | 1575 | 0.2 — — Veeo/2 — 0.35 — — Veoo/2 —
Table 1-17. Differential HSTL 1/0 Standards Specifications
vnnm (V) vulr(nn) (V) vxmn) (V) vnM(nn) (V) vulmn) (V)
I/0 Standard
Min | Typ | Max | Min | Max | Min Typ Max Min Typ Max Min | Max
HSTL-18
CLASS | I 171 118|189 |02 | — |[0.78 — 1.12 0.78 — 1.12 04| —
HSTL-15
CLASS I I 142515 (1575 02 | — |0.68 — 0.9 0.68 — 0.9 04 | —
HSTL-12 144 (12126 [016] " | — | 05 Vaw | — | 04% View | 05* Vo | 06* Vo | 03 |
CLASS I, ” . . . . + 03 . cclo . cclo . cclo . cclo . + 048
Table 1-18. Differential I/0 Standard Specifications (Part 1 of 2)
I/o vBBIIl (v) vIIII (v) (1) vIBM(IJB) (v) vIlI:l (v) (2) vllBM(v) (2)
Standard Min | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min |Typ| Max Min | Typ | Max
0.05 | D,.<700 1.8
2375 |25|2625| 01| Vyu=1.25 — 0.247 | — 06 | 1.125|1.25|1.375
2.5V LVDS (6) Mbps (6)
(Row 1/0) 1.05 | D,,>700 | 155
2375 25| 2625 | 0.1 | V=125 — (6) Mbps (6) 0.247 | — 06 | 1.125|1.25|1.375

© July 2010 Altera Corporation
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Table 1-18. Differential I/0 Standard Specifications (Part 2 of 2)

I/o vﬂﬂlll (v) vlﬂ (v) (1) vIBM(DB) (v) vlll] (v) (2) v[][;M (v) (2)
Standard | iy | Typ | Max |Min| Condition | Max | Min | Condition | Max | Min |Typ| Max | Min | Typ | Max
005 | D,.<700 | 18 B
b5y iyps | 2375 |25 | 2625 | 01| V=125 o | vope s | 0247 06 | 1.0 [1.25| 15
(Column 1/0) 105 | D,>700 | 1.55 _
2375 | 2.5 | 2.625 | 0.1 | Vy=1.25 o | s ) | 0247 06 | 1.0 [1.25| 15
RSDS 2375 | 2.5 | 2.625 | 01 | Vu=125 | — | 03 — 14 | 01 (02| 06 | 05 |12 14
ooy | 2 52 A Vs, . . 1o . . 2 1.
RSDS
2375 | 2.5 | 2.625 | 01 | Vu=125 | — | 03 — 14 | 01 [02] 06 | 05 |12] 15
(Column 1/0)
Mini-LVDS
Rowo) | 2375 | 25 | 2625 | 02 — 06 | 0.4 —  |1325] 025 |—| 06 | 05 |12 14
Mini-LVDS
(Golamn vo) | 2375 | 25 | 2625 | 02 — 06 | 0.4 —  |1325] 025 |—| 06 | 05 |12] 15
2375 [ 25 2625 | B N PO R BTN R D R R R
LVPECL G |G| () |~ ' Mbps (4)
(3) 2375 | 25 | 2625 | o . _ |40 | Dworoo | 160 p I
b)) | ()| (5 ' ' Mbps (4)

Notes to Table 1-18:
(1) The minimum V,y value is applicable over the entire common mode range, Vgy.
(2) RLrange:90<RL<110Q

(3) Column and row 1/0 banks support LVPECL 1/0 standards for input operation only on dedicated clock input pins. Differential clock inputs in column 1/0 use
Ve cuan that must be powered by 2.5 V. Differential clock inputs in row 1/0 banks are powered by Vecep.

(4) The receiver voltage input range for the data rate when Dy > 700 Mbps is 0.85 V <V <1.75 V.
The receiver voltage input range for the data rate when Dy, < 700 Mbps is 0.45V <V <1.95V.

(5) Power supply for the column 1/0 LVPECL differential clock input buffer is Vee cun-

(6) The receiver voltage input range for the data rate when D, > 700 Mbpsis 1.0 V<Vy <16 V.
The receiver voltage input range for the data rate when Dy,a < 700 Mbps is zero V< V;y <1.85V.

Power Consumption

Stratix Il Device Handbook, Volume 2

Altera offers two ways to estimate power for a design: the Excel-based Early Power
Estimator (EPE) and the Quartus® Il 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 estimation based on the specifics of the design
after place-and-route is complete. The PowerPlay Power Analyzer can apply a
combination of user-entered, simulation-derived, and estimated signal activities
which, when combined with detailed circuit models, can yield very accurate power
estimation.

Refer to Table 1-4 on page 1-5 for supply current estimates for Vccpou and Vec cran-
Use the EPE and PowerPlay Power Analyzer for current estimates of remaining
power supplies.

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 I Handbook.

© July 2010 Altera Corporation
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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, digital signal processing (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.

Table 1-19. Clock Tree Performance for Stratix Ill Devices

c2 c3,13 c4, 14 C4L, 14L
Device Unit
Ve =11V | Vou =14V | V=14V | V=11V | V=09V
EP3SL50 730 700 450 450 375 MHz
EP3SL70 730 700 450 450 375 MHz
EP3SL110 730 700 450 450 375 MHz
EP3SL150 730 700 450 450 375 MHz
EP3SL200 730 700 450 450 375 MHz
EP3SE260 730 700 450 450 375 MHz
EP3SL340 730 700 450 450 375 MHz
EP3SE50 730 700 450 450 375 MHz
EP3SES0 730 700 450 450 375 MHz
EP3SE110 730 700 450 450 375 MHz
PLL Specifications

Table 1-20 lists 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” on page 1-326 for the PLL block diagram.

© July 2010 Altera Corporation Stratix 11l Device Handbook, Volume 2
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Table 1-20. PLL Specifications for Stratix 11l Devices (Part 1 of 3)

C2 C3,13 C4, 14 CaL, 14L
svmbol Parameter chL = 1-1 V chL = 1-1 V chL = 1-1 V chL = 1-1 V chL = 0-9 V |.|I‘Iit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
800 77 717 717 717
f Input clock frequenc 5 — 5 — 5 — 5 — 5 — MHz
" P quency (1) (1) (1) (1) (1)
fiero Input frequency to the PFD 5 — | 325 5 — | 325 5 — | 325 5 — | 325 5 — | 325 MHz
fuco PLL VCO operating range 600 | — |1600| 600 | — |1300| 600 | — |1300| 600 | — |1300| 600 | — |[1300| MHz

Input clock or external feedback . . . . . 0
temoury clock input duty cycle 40 60 | 40 60 | 40 60 | 40 60 | 40 60 Yo
f Output frequency forinternalglobal | | | 600 | | (500 | | |40 | | _ [450| | _ |37 MHz

our or regional clock (2) (2) (2) (2) (2)
f Output frequency for dedicated | _y80 | | |7y | |7y gy Ny MHz
OUT-EXT external clock output 2) 2) 2) 2) 2)

Duty cycle for external clock output o
toumoury (when set to 50%) 45 50 55 45 50 55 45 50 95 | 45 50 95 45 50 | 55 Yo
foon External feedback clock 1ol ==l ol=l=l1ol=1=11!l=1|<=110 ns

compensation time

Time required to reconfigure scan | o o o o | scanclk
— chain 3.5 3.5 3.5 3.5 3.5 cycles
t Time required to reconfigure phase 1 1 1 1 1 scanclk

CONFIGPHASE shift - - - — — - - _ _ - cycles
fscancLx scanclk frequency — — | 100 | — — | 100 | — — | 100 | — — | 100 | — — | 100 MHz

Time required to lock fromendof | | o o o o
ook device configuration 1 1 1 1 1 ms

Time required to lock dynamically
foronc (after switchover or reconfiguring | | 1 o 1 | 1 | 1 | 1 ms

any non-post-scale

counters/delays)

sonsialeIeyg BuIyIUMS
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Table 1-20. PLL Specifications for Stratix 11l Devices (Part 2 of 3)

C2 C3,13 C4, 14 CAaL, 14L
svmbol Parameter chL = 1-1 V chL = 1-1 V chL = 1-1 V chL = 1-1 V chL = 0-9 V |.|I‘Iit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
PLL closed-loop low bandwidth — | 03 | — — | 03 | — — | 03 | — — | 03 | — — | 03 | — MHz
PLL closed-loop medium . | | o o .
foan bandwidth 1.5 1.5 1.5 1.5 1.5 MHz
PLL closed-loop high bandwidth N | — | 4 | — ] 4 o 4 o 4 | — MHz
(6)
TrLL psern Accuracy of PLL phase shift — — | 50 | — — | 50 | — — | 50 | — — | #50 | — — | £50 ps
boceer 2/iI|n|mum pulse width on areset ol — 1l 11wl =l =11l =!=1l1l=1]|=1]10]=1|~= ns
gnal
Input clock cycle to cycle jitter o o o o o i
(Fuer > 100 MH) 0.15 0.15 0.15 0.15 0.1 | Ul (p-p)
theas (3) (4) Input clock cycle to cycle jitter
(Fur < 100 MHz) — | — [£750| — | — |[£750| — | — [£/50| — | — |£750| — | — | 500 ps (p-p)
Period Jitter for dedicated clock
; (5) output (Four = 100 MHz) — | — | 175 | — | — | 175 175 175 225 | ps (p-p)
OUTPJ_DC
- Period Jitter for dedicated clock mUl
output (Four < 100 MHz) — | — (175 ] — 17.5 17.5 17.5 22.5 (0-D)
Cycle to Cycle Jitter for dedicated
clock output - | — (1| - — (15| — | — (15| — | — | 175 | — | — | 225 | ps(p-p)
(Four = 100 MHz)
tOUTCCJ_DC (5) . .
Cycle to Cycle Jitter for dedicated mul
clock output — | = | 7s| = | = | 17| — | — (175 — | — |75 | — | — 225 (0-0)
(Four < 100 MHz)
Period Jitter for clock output on o o o o o i
58 regular 10 (Four > 100 MHz) 600 600 600 600 750 1 ps (p-p)
R Period Jitter for clock output on el =l =60l —| — 16| = 1|6 | —1—=17s muUl
regular 10 (Foyr < 100 MHz) (p-p)
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Table 1-20. PLL Specifications for Stratix Il Devices (Part 3 of 3)

C2 C3,13 C4,14 CAL, 14L
svmbol Parameter chL = 1-1 V chL = 1-1 V chL = 1-1 V chL = 1-1 V chL = 0-9 V |.|I‘Iit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Cycle to Cycle Jitter for clock
output on regular 10 — — | 600 | — — | 600 | — — | 600 | — — | 600 | — — | 750 | ps (p-p)
) (5, (8) (Four=100 MHz)
o Cycle to Cycle Jitter for clock Ul
output on regular 10 — | — 60 — | — 60 — | — 60 | — | — 60 — | — 75 (p-D)
(Four <100 MHz) p-p
teascourrune (5), | Period Jitter for dedicated clock
(7) output in cascaded PLLs (Four = — — | 250 | — — | 250 | — — | 250 | — — | 250 | — — | 325 | ps (p-p)
100 MHz)
Period Jitter for dedicated clock mul
output in cascaded PLLs (Four — — 25 — — 25 — — 25 — — 25 — — | 325 (0-D)
<100 MHz) p-p
Frequency drift after PFDENA is o o | | | 0
foner disabled for duration of 100 us =10 +10 =10 =10 =10 o

Notes to Table 1-20:

(1) This specification is limited in the 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: I/0 f,,, or f,,; of the PLL.

(3) Ahigh input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source, which is less than 120 ps.
(

(

)
)
4) Fpeeis fIN/N when N =1.

)

(33}

is applied.
(6) High bandwidth PLL settings are not supported in external feedback mode.

(7) The cascaded PLL specification is only applicable with the following conditions:
a) Upstream PLL: 0.59 MHz < Upstream PLL BW < 1 MHz
b) Downstream PLL: Downstream PLL BW > 2 MHz

(8) External memory interface clock output jitter specifications use a different measurement method and are available in Table 1-33 on page 1-29.

Peak-to-peak jitter with a probability level of 10-'2 (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
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DSP Block Specifications
Table 1-21 lists the Stratix III DSP block performance specifications.
Table 1-21. DSP Block Performance Specifications for Stratix 11l Devices (Note 1)
C2 (5) C3 C4 C4aL 13 14 14L
Number of .
Mode Multipliers vnnL = vnnL = vnnL = vnnL = vnnL = vnnL= vnnL= vnnL= Unit
1.1V 1.1V 1.1V 1.1V 0.9V 1.1V 1.1V 0.9V

9x9-bit multiplier (a, c, e, g) (2) 1 440 365 315 315 240 345 315 225 MHz
9x9-bit multiplier (b, d, f, h) (2) 1 500 410 375 375 270 385 375 250 MHz
12x12-bit multiplier (a, €) (3) 1 440 365 315 315 240 345 315 225 MHz
12x12-bit multiplier (b, d, f, h) (3) 1 500 410 375 375 270 385 375 250 MHz
18x18-bit multiplier 1 600 495 440 440 320 470 440 300 MHz
36x36-bit multiplier 1 440 365 315 315 220 345 315 205 MHz
Double mode 1 440 365 315 315 220 345 315 205 MHz
18x18-bit multiply adder 2 490 405 345 345 250 380 345 235 MHz
18x18-bit multiply adder 4 490 405 345 345 250 380 345 235 MHz
:)g;: 8-bit multiply adder with loop 2 490 | 405 | 345 | 345 | 250 | 380 | 345 | 235 |MHz
18x18-bit multiply adder with loop 2 390 | 320 | 300 | 240 | 180 | 300 | 300 135 | MHz
back (4)
18x18-bit multiply accumulator 4 475 390 330 330 240 370 330 225 MHz
18x18-bit multiply adder with
chainout 4 475 390 330 330 240 370 330 225 MHz
Input Cascade Independent output
of four 18x18 bit multiplier 4 550 455 415 415 270 430 415 250 MHz
36-hit shift (32 bit data) 1 475 390 330 330 250 370 330 235 MHz

Notes to Table 1-21:

(1) Maximum is for a fully pipelined block with Round and Saturation disabled.
(2) The DSP block implements eight independent 9bx9b multiplies using a, b, ¢, d for the top DSP half block and e, f, g, h for the bottom DSP half block

multipliers.

(3) The DSP block implements six independent 12bx12b multiplies using a, b, d for the top DSP half block and e, f, h for the bottom DSP half block multipliers.
(4) Maximum for loopback input registers disabled, Round and Saturation disabled, pipeline and output registers enabled.
(5) The F, for the EP3SL200, EP3SE260, and EP3SL340 devices at the C2 speed grade is 7% slower than the C2 values shown in the table.

© July 2010 Altera Corporation
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TriMatrix Memory Block Specifications
Table 1-22 lists the Stratix III TriMatrix Memory Block specifications.

Table 1-22. TriMatrix Memory Block Performance Specifications for Stratix 11l Devices (Note 7) (Part 1 of 3)

Memory ilMatria C2(6)| €3 | ¢4 caL 3 | 14 | M _
e e LI HEHEHEHEHE AR HE
Single port 16 x 10 0 1 600 | 500 | 450 | 450 | 340 | 475 | 450 | 320 | MHz
ULng | SmPle dual-port 16 x 20 0 1 600 | 500 | 450 | 450 | 340 | 475 | 450 | 320 | MMz
ROM 64 x 10 0 1 600 | 500 | 450 | 450 | 370 | 475 | 450 | 350 | MHz
ROM 32 x 20 0 1 600 | 500 | 450 | 450 | 340 | 475 | 450 | 320 | MHz
Single-port 8K x 1 0 1 550 | 465 | 390 | 390 | 245 | 440 | 390 | 230 | MHz
Single-port 4K x 2 or 2K x 4 0 1 575 | 485 | 405 | 405 | 255 | 460 | 405 | 230 | MHz
gg%g'fé%"” 1Kx9, 512 x18, or 0 1 565 | 475 | 395 | 395 | 245 | 450 | 395 | 220 | MHz
Simple dual-port, 8K x 1 0 1 545 | 460 | 385 | 385 | 240 | 435 | 385 | 225 | MHz
Simple dual-port, 4K x 2 or 2K x 4 0 1 570 | 480 | 400 | 400 | 250 | 455 | 400 | 225 | MHz
(S)'r”;g'gf%?gpon 1Kx9,51218, | 1 565 | 475 | 395 | 395 | 245 | 450 | 395 | 220 | MHz
Simple dual-port, 8K x 1, 4K x 2 or
fe*;g_gu‘“r’i';g_write option setto 0ld | ° 1 375 | 312 | 265 | 265 | 205 | 295 | 265 | 185 | MHz
Data
Simple dual-port, 1K x 9, 512 x 18,
256 x 36 with read-during-write 0 1 375 312 265 265 200 295 265 180 | MHz
option set to Old Data
True dual-port, 8K x 1 0 1 530 | 440 | 370 | 370 | 230 | 420 | 370 | 215 | MHz
MK (2) | True dual-port, 4K x 2 or 2K x 4 0 1 550 | 460 | 385 | 385 | 240 | 435 | 385 | 215 | MHz
True dual-port, 1K x 9 or 512 x 18 0 1 545 | 460 | 380 | 380 | 235 | 435 | 380 | 210 | MHz
True dual-port, 8K x 1, 4K x 2, or
fezg_gu‘“r’i';g_write otionsettoold | 1 350 | 295 | 245 | 245 | 175 | 280 | 245 | 160 | MHz
Data
True dual-port, 1K x 9 or 512 x 18
‘r”e';z duringwrite option setto 014 | © 1 340 | 285