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This chapter contains the following sections:
m  “Electrical Characteristics”

m “Switching Characteristics”

m “I/O Timing”
[

“Glossary”

Electrical Characteristics

This chapter covers the electrical and switching characteristics for Stratix® IV devices.
Electrical characteristics include operating conditions and power consumption.
Switching characteristics include transceiver specifications, core, and periphery
performance. This chapter also describes I/O timing, including programmable I/O
element (IOE) delay and programmable output buffer delay.
“ e TFor information regarding the densities and packages of devices in the Stratix IV
family, refer to the Stratix IV Device Family Overview chapter.

Operating Conditions

When you use Stratix IV devices, they are rated according to a set of defined
parameters. To maintain the highest possible performance and reliability of the
Stratix IV devices, you must consider the operating requirements described in this
chapter.

Stratix IV devices are offered in commercial, industrial, and military grades.
Commercial devices are offered in -2 (fastest), -2x, -3, and —4 speed grades. Industrial
devices are offered in -1, -2, -3, and —4 speed grades. Military devices are offered in -3
speed grade.

For the Stratix IV GT -1 and -2 speed grade specifications, refer to the —2/-2x speed
grade column. For the Stratix IV GT -3 speed grade specification, refer to the -3 speed
grade column, unless otherwise specified.

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for Stratix IV
devices. The values are based on experiments conducted with the devices and
theoretical modeling of breakdown and damage mechanisms. The functional
operation of the device is not implied for these conditions.
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Chapter 1: DC and Switching Characteristics for Stratix IV Devices
Electrical Characteristics

CAUAON Conditions other than those listed in Table 1-1, Table 1-2, and Table 1-3 may cause
permanent damage to the device. Additionally, device operation at the absolute
maximum ratings for extended periods of time may have adverse effects on the

device.

Table 1-1. Absolute Maximum Ratings for Stratix IV Devices

Symbol Description Minimum | Maximum | Unit
Vee Core voltage and periphery circuitry power supply -0.5 1.35 V
Veepr Power supply for programmable power technology -0.5 1.8 v
Vecram Configuration pins power supply -0.5 3.75 V
Vecaux Auxiliary supply for the programmable power technology -0.5 3.75 V
Vecgar Battery back-up power supply for design security volatile key register -0.5 3.75 v
Veerp I/0 pre-driver power supply -0.5 3.75 v
Veeio I/0 power supply -0.5 3.9 v
Ve oLk Differential clock input power supply -0.5 3.75 V
Veen, pLL PLL digital power supply -0.5 1.35 v
Veca pLL PLL analog power supply -0.5 3.75 v
Vv, DC input voltage -0.5 4.0 v
lour DC output current per pin -25 40 mA
T, Operating junction temperature -55 125 °C
Tste Storage temperature (No bias) -65 150 °C

Table 1-2. Transceiver Power Supply Absolute Maximum Ratings for Stratix IV GX Devices

Symbol Description Minimum Maximum Unit
Veea L Transceiver high voltage power (left side) -0.5 3.75 v
Veea R Transceiver high voltage power (right side) -0.5 3.75 v
VecHip L Transceiver HIP digital power (left side) -0.5 1.35 v
Vecuip R Transceiver HIP digital power (right side) -0.5 1.35 v
Veer L Receiver power (left side) -0.5 1.35 v
Veer R Receiver power (right side) -0.5 1.35 v
Veer L Transmitter power (left side) -0.5 1.35 v
Veer R Transmitter power (right side) -0.5 1.35 v
Veor axatn (| Transceiver clock power (left side) -0.5 1.35 v
Vool axern (| Transceiver clock power (right side) -0.5 1.35 v
Veen axeLn (7| Transmitter output buffer power (left side) -0.5 1.8 v
Veen axsrn (| Transmitter output buffer power (right side) -0.5 1.8 v
Note to Table 1-2:

(1) n=0,1,2,0r3.
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Table 1-3. Transceiver Power Supply Absolute Maximum Ratings for Stratix IV GT Devices ()

Symbol Description Minimum Maximum Unit
Veea L Transceiver high voltage power (left side) -0.5 3.75 \Y
Vica R Transceiver high voltage power (right side) -0.5 3.75 vV
Vecrip L Transceiver HIP digital power (left side) -0.5 1.35 \Y
Vecuip R Transceiver HIP digital power (right side) -0.5 1.35 v
Veer L Receiver power (left side) -0.5 1.35 \Y
Veer R Receiver power (right side) -0.5 1.35 Y
Veer L Transmitter power (left side) -0.5 1.35 v
Veer R Transmitter power (right side) -0.5 1.35 Y
VeoL axain @ | Transceiver clock power (left side) -0.5 1.35 v
Veor axern @ | Transceiver clock power (right side) -0.5 1.35 v
Veen axen @ | Transmitter output buffer power (left side) -0.5 1.8 v
Veon axsrn @ | Transmitter output buffer power (right side) -05 1.8 v

Notes to Table 1-3:

(1) For the absolute maximum ratings for Stratix IV GT engineering sample (ES1) devices, contact your local Altera sales representative.

(2) n=0,1,2, or3.
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Electrical Characteristics

Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage shown in Table 1-4 and
undershoot to —2.0 V for input currents less than 100 mA and periods shorter than
20 ns.

Table 14 lists the maximum allowed input overshoot voltage and the duration of the
overshoot voltage as a percentage of device lifetime. The maximum allowed
overshoot duration is specified as a 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 4.3 V can only be at 4.3 V for ~5% over the lifetime of the device; for a
device lifetime of 10 years, this amounts to half of a year.

Table 1-4. Maximum Allowed Overshoot During Transitions

Symbol Description Condition (V) ﬂve:/il:'ofolzig:r]a_itli:: as Unit
4.0 100.000 %
4.05 79.330 %
41 46.270 %
415 27.030 %
4.2 15.800 %
4.25 9.240 %
Vi (AC) AC input voltage 4.3 5.410 %
4.35 3.160 %
4.4 1.850 %
4.45 1.080 %
45 0.630 %
4.55 0.370 %
4.6 0.220 %

Temperature Overshoot Above Maximum Allowed Temperature

The maximum allowed operating temperature for Stratix IV industrial grade devices
is 100 °C. It is recommended that the operating temperature of the device is
maintained below 100 °C at all times. The temperature excursions over 100 °C due to
internal heating of the device should not exceed the number of cycles as specified in
the Table 1-5. Exceeding the recommended number of cycles may cause solder
interconnect failures. Altera® recommends using the Stratix IV military grade devices
if the application requires operating temperatures over 100 °C.

Tahle 1-5. Temperature Overshoot Above Maximum Allowed Temperature

Description Operating Temperature (°C) Number of Cycles Over 100 °C
100 3200
105 768
Device operating 110 640
temperature (°C) 115 480
120 320
125 160
September 2014  Altera Corporation Stratix 1V Device Handbook
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Electrical Characteristics

Recommended Operating Conditions

This section lists the functional operation limits for AC and DC parameters for
Stratix IV devices. Table 1-6 lists the steady-state voltage and current values expected
from Stratix IV devices. Power supply ramps must all be strictly monotonic, without

plateaus.

Network (PDN) Tool User Guide.

Table 1-6. Recommended Operating Conditions for Stratix IV Devices (Part 1 of 2)

For power supply ripple requirements, refer to the Device-Specific Power Delivery

Symbol Description Condition | Minimum Typical Maximum | Unit
Ve (Stratix IV GX | Core voltage and periphery circuitry power .
and Stratix IV E) | supply 087 0.90 093 |V
Vee Core voltage and periphery circuitry power .
(Stratix IV GT) supply 0.92 0.95 0.98 v
Power supply for programmable power .
Veerr technology 1.45 1.5 1.55 v
Veouu Auxiliary supply for the programmable . 9375 95 5 625 N
power technology
y @ I/0 pre-driver (3.0 V) power supply — 2.85 3.0 3.15 V
cePD 1/0 pre-driver (2.5 V) power supply — 2.375 25 2.625 v
I/0 buffers (3.0 V) power supply — 2.85 3.0 3.15 v
I/0 buffers (2.5 V) power supply — 2.375 2.5 2.625 v
Veeio I/0 buffers (1.8 V) power supply — 1.71 1.8 1.89 \Y
I/0 buffers (1.5 V) power supply — 1.425 1.5 1.575 v
I/0 buffers (1.2 V) power supply — 1.14 1.2 1.26 v
Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 V
Vecrem Configuration pins (2.5 V) power supply — 2.375 2.5 2.625 vV
Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 \Y
Veca pLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 v
Veen_pLL
(Stratix IV GX PLL digital voltage regulator power supply — 0.87 0.90 0.93 V
and Stratix IV E)
Voo L i _
(Stratix IV GT) PLL digital voltage regulator power supply 0.92 0.95 0.98 V
Ve oLk Differential clock input power supply — 2.375 2.5 2.625 v
Battery back-up power supply (For design
(1) — —
Vecsar security volatile key register) 12 33 v
Vv, DC input voltage — 0.5 — 3.6 v
Vo Output voltage — 0 — Veeio V
Commercial 0 — 85 °C
T, (Stratix IV GX Lo , = — 5
and Stratix IV E) Operating junction temperature Industrial 40 100 C
Military 55 — 125 °C
T, (Stratix IV GT) | Operating junction temperature Industrial 0 — 100 °C
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Table 1-6. Recommended Operating Conditions for Stratix IV Devices (Part 2 of 2)
Symbol Description Condition | Minimum Typical Maximum | Unit
Normal POR
. (PORSEL=0) 0.05 — 100 ms
travp Power supply ramp time
Fast POR 0.05 o 4 ms
(PORSEL=1) '

Notes to Table 1-6:

M

(2) Veopp must be 2.5 V when Vgyo is 2.5, 1.8, 1.5, or 1.2 V. Vggpp must be 3.0 V when Vg is 3.0 V.

If you do not use the volatile security key, you may connect the Vgegar to either GND or a 3.0-V power supply.

Table 1-7 lists the transceiver power supply recommended operating conditions for

Stratix IV GX devices.

Table 1-7. Transceiver Power Supply Operating Conditions for Stratix IV GX Devices (7

Symbol Description Minimum Typical Maximum | Unit

Veea L Transce?ver h?gh voltage power (I(.aft sid.e) 0852375 | 3.0/25@ | 3.15/2.625 v
Viea R Transceiver high voltage power (right side)

VecHip L Transceiver HIP digital power (left side) 0.87 0.9 0.93 V
Vecuip R Transceiver HIP digital power (right side) 0.87 0.9 0.93 v
Veer L Receiver power (left side) 1.045 1.1 1.155 v
Veer R Receiver power (right side) 1.045 1.1 1.155 V
Veer L Transmitter power (left side) 1.045 1.1 1.155 vV
Veer r Transmitter power (right side) 1.045 1.1 1.155 \Y
Veer gxan @ Transceiver clock power (left side) 1.05 1.1 115 Vv
Veer axern ¥ Transceiver clock power (right side) 1.05 1.1 1.15 v
Veen axetn @ Transmitteroutput buffer power (I(.aft sidle) 1331425 | 14754 | 14771575 v
VeeH axarn Transmitter output buffer power (right side)

Notes to Table 1-7:

1

conditions could lead to unpredictable link behavior.

2)

Transceiver power supplies do not have power-on-reset (POR) circuitry. After initial power-up, violating the transceiver power supply operating

Viea_ur Must be connected to a 3.0-V supply if the clock multiplier unit (CMU) phase-locked loop (PLL), receiver clock data recovery (CDR),

or both, are configured at a base data rate > 4.25 Gbps. For data rates up to 4.25 Gbps, you can connect Vs |5 to either 3.0 Vor 2.5 V.

)
(4)

n=0,1,20r3.
Voen_axsr Must be connected to a 1.4-V supply if the transmitter channel data rate is > 6.5 Gbps. For data rates up to 6.5 Gbps, you can

connect VCCH_GXBL/R toeither1.4Vor1.5V.

Table 1-8 lists the recommended operating conditions for the Stratix IV GT

transceiver power supply.

Table 1-8. Transceiver Power Supply Operating Conditions for Stratix IV GT Devices (Part 1 of 2)(7), 2

Symbol Description Minimum Typical Maximum | Unit
Veea L Transceiver high voltage power (left side) 317 3.3 3.43 v
Veea R Transceiver high voltage power (right side) 3.17 3.3 3.43 v
VecHip L Transceiver HIP digital power (left side) 0.92 0.95 0.98 V
VecHip R Transceiver HIP digital power (right side) 0.92 0.95 0.98 v
Veer L Receiver power (left side) 1.15 1.2 1.25 v
September 2014  Altera Corporation Stratix 1V Device Handbook
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Electrical Characteristics

Table 1-8. Transceiver Power Supply Operating Conditions for Stratix IV GT Devices (Part 2 of 2) (), (2

Symbol Description Minimum Typical Maximum | Unit

Veer R Receiver power (right side) 1.15 1.2 1.25 V
Veer L Transmitter power (left side) 1.15 1.2 1.25 v
Veer r Transmitter power (right side) 1.15 1.2 1.25 V
Veer gxan ¥ Transceiver clock power (left side) 1.15 1.2 1.25 V
Veer exgrn ¥ Transceiver clock power (right side) 1.15 1.2 1.25 v
Vee axLn @ Transmitter output buffer power (left side) 1.33 1.4 1.47 v
Veen axarn Transmitter output buffer power (right side) 1.33 1.4 1.47 v

Notes to Table 1-8:

(1) For the recommended operating conditions for Stratix IV GT engineering sample (ES1) devices, contact your local Altera sales representative.

(2) Transceiver power supplies do not have power-on-reset circuitry. After initial power-up, violating the transceiver power supply operating
conditions could lead to unpredictable link behavior.

@)

September 2014  Altera Corporation

n=0,1,2,or3.

DC Characteristics

This section lists the supply current, I/O pin leakage current, bus hold, on-chip
termination (OCT) tolerance, input pin capacitance, and hot socketing specifications.

Supply Current

Standby current is the current drawn from the respective power rails used for power
budgeting. Use the Excel-based Early Power Estimator (EPE) to get supply current
estimates for your design because these currents vary greatly with the resources you
use.

For more information about power estimation tools, refer to the PowerPlay Early Power
Estimator User Guide and the PowerPlay Power Analysis chapter in the Quartus II
Handbook.

1/0 Pin Leakage Current
Table 1-9 lists the Stratix IV 1/O pin leakage current specifications.

Table 1-9. 1/0 Pin Leakage Current for Stratix IV Devices ("

Symbol Description Conditions Min Typ Max Unit
|| Input pin V| =(0Vto VCClOlVlAX -20 — 20 HA
loz Tri-stated 1/0 pin Vo = 0V 10 V¢giomax -20 — 20 HA

Note to Table 1-9:
(1) Vger current refers to the input pin leakage current.

Stratix 1V Device Handbook
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Bus Hold Specifications
Table 1-10 lists the Stratix IV device family bus hold specifications.
Table 1-10. Bus Hold Parameters
Veeio
Parameter | Symbol | Conditions 1.2V 1.5V 1.8V 25V 3.0V Unit
Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

LOW.. Viy> Vi,
sustaining lsust , 225 | — | 20| — | 300 — |50 — | 700 | — HA
current (maximum)
High - Vin < Vi
sustaining | lgysH . -225| — |-260| — |-300| — |-500| — |-70.0| — HA
current (minimum)
Low
overdrive | oy | ON SV | | 120 | — | 160 | — | 200 300 500 | pA

Veeio
current
High
overdrive | ooy | CLSVWN< | | 20| — | 60| — | -200 300 500 | A

Veeio
current
Bus-hold
trip point Virip — 045 ) 095 | 0.50 | 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
I/Os connected to the calibration block. Table 1-11 lists the Stratix IV OCT
termination calibration accuracy specifications.

Table 1-11. OCT Calibration Accuracy Specifications for Stratix IV Devices (Part 1 of 2) (7

Calibration Accuracy
Symbol Description Conditions Unit
G2 C3,I13, M3 | C4,14
95-0 Re (2) Internal series termination _
s with calibration (25-0) Voo 5?(1’ AR Y +8 £8 | %
3.0,25,18,15,1.2 setting) 9, 1
Internal series termination
SO'Q R =
s with calibration (50-C) VCC'°1 g’q g\? 181 .3 .8 L8 | %
3.0,25,1.8,15,1.2 setting) 9, 1.
Internal parallel termination
50-QR =
T with calibration (50-C2 Vooo =25, 18151 449 £ 10 210 | %
2.5,1.8,15,1.2 setting) :
20-Q  40-Q. and Expanded range for internal
60-Q Re (9 series termination with Veeio =3.0,2.5,1.8, o
s calibration (20-Q2, 40-Q2 , and 15,12V =10 =10 =10 %
3.0,2.5,1.8,1.5,1.2 | 0.0 Rs setting)

September 2014  Altera Corporation
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Table 1-11. OCT Calibration Accuracy Specifications for Stratix IV Devices (Part 2 of 2) (7)

Calibration Accuracy

Symbol Description Conditions Unit
C2 C3,13, M3 | C4,l4
25-0 R , Internal left shift series _
502 8*1'“;*3:'“ , 5 | termination wth calibation VCC'0{53'2’22€'1'8’ £10 £10 10 | %
0,25,18,15,1. (25-Q Rg_jert_snirt SELtiNg) R

Notes to Table 1-11:

(1) OCT calibration accuracy is valid at the time of calibration only.
(2) 25-Q Rgis not supported for 1.5V and 1.2 V in Row 1/0.

(3) 20-Q Rgis not supported for 1.5V and 1.2 V in Row 1/0.

The calibration accuracy for calibrated series and parallel OCTs are applicable at the
moment of calibration. When process, voltage, and temperature (PVT) conditions
change after calibration, the tolerance may change. Table 1-12 lists the Stratix IV OCT
without calibration resistance tolerance to PVT changes.

Table 1-12. OCT Without Calibration Resistance Tolerance Specifications for Stratix IV Devices

Resistance Tolerance
Symbol Description Conditions Unit
C2 C3,13, M3 C4,14

25-0) Rg Internal series termination

without calibration (25-Q Vecio=3.0and 2.5V +30 +40 +40 %
3.0and 2.5 setting)
25-0 Rg Internal series termination

without calibration (25-Q Vecp=1.8and1.5V +30 £40 £40 %
1.8and 1.5 Setting)
25-Q) R Internal series termination

without calibration (25-Q Veco=1.2V +35 +50 +50 %
1.2 setting)
50-Q Rs Internal series termination

without calibration (50-Q Veco=3.0and 2.5V +30 +40 +40 %
3.0and 2.5 Setting)
50-Q Rg Internal series termination

without calibration (50-Q Veco=1.8and 1.5V +30 +40 +40 %
1.8and 1.5 Setting)
50-0 Rs Internal series termination

without calibration (50-Q Veco=1.2V +35 +50 +50 %
1.2 setting)
100-© Rp Internal differential .
25 termination (100-Q setting) Veoio =25V +25 +25 £25 o
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Electrical Characteristics

OCT calibration is automatically performed at power-up for OCT-enabled I/Os.
Table 1-13 lists OCT variation with temperature and voltage after power-up
calibration. Use Table 1-13 to determine the OCT variation after power-up calibration
and Equation 1-1 to determine the OCT variation without re-calibration.

Equation 1-1. OCT Variation Without Re-Calibration ("), 2, (3, (4, (5), (6)

dR dR
Rocr = RSCAL<1 + (G x ADE (75 AV})

Notes to Equation 1-1:

(1) The Rggr value calculated from Equation 1-1 shows the range of OCT resistance with the variation of temperature

(2) Rgcac is the OCT resistance value at power-up.

(3) AT is the variation of temperature with respect to the temperature at power-up.
(4) AV is the variation of voltage with respect to the Vg o at power-up.

(5) dR/dT is the percentage change of Rgca. With temperature.

(6) dR/dV is the percentage change of Rgga With voltage.

Table 1-13 lists the OCT variation after the power-up calibration.

Table 1-13. OCT Variation after Power-Up Calibration ("

Symbol Description Veero (V) Typical Unit
3.0 0.0297
o . . 25 0.0344
drR/dV 0CT v.ar|at.|on with voltage without 18 0.0499 %/mV
re-calibration
1.5 0.0744
1.2 0.1241
3.0 0.189
o 2.5 0.208
T variation with temperature o fo
dR/dT without re-calibration 18 0.266 ol°C
1.5 0.273
1.2 0.317

Note to Table 1-13:
(1) Valid for Vggig range of £5% and temperature range of 0° to 85°C.

Pin Capacitance
Table 1-14 lists the Stratix IV device family pin capacitance.

Table 1-14. Pin Capacitance for Stratix IV Devices (Part 1 of 2)

Symbol Description Value Unit
Ciots Input capacitance on the top and bottom 1/0 pins 4 pF
Cior Input capacitance on the left and right I/0 pins 4 pF
Coike Input capacitance on the top and bottom non-dedicated clock input pins 4 pF
CoLkir Input capacitance on the left and right non-dedicated clock input pins 4 pF
September 2014  Altera Corporation Stratix 1V Device Handbook
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Table 1-14. Pin Capacitance for Stratix IV Devices (Part 2 of 2)

Symbol Description Value Unit
Courrs Input capacitance on the dual-purpose clock output and feedback pins 5 pF
Cetit, Cevka: Covke: Input capacitance for dedicated clock input pins 2 pF
and Cei1o

Hot Socketing
Table 1-15 lists the hot socketing specifications for Stratix IV devices.

Table 1-15. Hot Socketing Specifications for Stratix IV Devices

Symbol Description Maximum
liopin (DC) DC current per 1/0 pin 300 pA
liopin (ac) AC current per I/0 pin 8mA (1)
Ixovr-rx (oc) DC current per transceiver TX pin 100 mA
Ixove-ax o0) DC current per transceiver RX pin 50 mA

Note to Table 1-15:

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

Internal Weak Pull-Up Resistor

Table 1-16 lists the weak pull-up resistor values for Stratix IV devices.

Table 1-16. Internal Weak Pull-Up Resistor for Stratix IV Devices (7,

Symbol Description Conditions (V) Value Unit
Vicio = 3.0 5% @ 25 kQ
Value of the 1/0 pin pull-up resistor before Vo= 2.5 5% 25 kQ

and during configuration, as well as user ~ Y]
Reu mode if the programmable pull-up resistor Vocio = 1.8 +5% 25 k2
option is enabled. Veeio=1.525% @ 25 kQ
VCClO =1.2 +5% @ 25 kQ

Notes to Table 1-16:
(1) All'l/O 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 Vegq.

(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 25 kQQ .

(4) These specifications are valid with +10% tolerances to cover changes over PVT.

September 2014  Altera Corporation Stratix IV Device Handbook
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I/0 Standard Specifications
Table 1-17 through Table 1-22 list the input voltage (Vi and Vy), output voltage

(Vou and V), and current drive characteristics (Iog and ;) for various I/O

standards supported by Stratix IV devices. These tables also show the Stratix IV
device family I/O standard specifications. Vo, and Voy values are valid at the
corresponding Ioy and Iy, respectively.

For an explanation of terms used in Table 1-17 through Table 1-22, refer to “Glossary”

on page 1-64.
Table 1-17. Single-Ended 1/0 Standards
/0 Veeio (V) Vi (V) Vi (V) Vor(V) | Vou(V) loL lon
Standard | pyp | Ty | Max | Min | Max | Min | Max | Max Min | (MA) | (mA)
LVTTL 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.2 Veeo-02 | 0.1 -0.1
25V 2.375 2.5 2.625 -0.3 0.7 1.7 3.6 0.4 2 1 -1
0.35* | 0.65* | Vgcio + Veeio -
18V 1.71 1.8 1.89 -0.3 CeIo 0.45 GCIO 2 -2
Veeio Veeio 0.3 0.45
035* | 065* | Vogo+ | 025* | 075~
15V 1.425 1.5 1.575 -0.3 2 -2
Vecio | Vecio 0.3 Veceio Veeio
0.35* | 0.65* | Voo + 0.25* 0.75*
1.2V 1.14 1.2 1.26 -0.3 CeIo 2 -2
Veeio | Vecio 0.3 Veeio Veeio
30-vPel | 285 | 3 | 315 | — | 087 | 03 36 | 017 109% V| 15 | -05
Vecio | Vecio Veeio
3.0-V 0.35* 05" 0.1*
2.85 3 3.15 — — 0.9*V 1.5 -0.5
PCI-X Veeio | Vecio Veeio celo
Tahle 1-18. Single-Ended SSTL and HSTL I/0 Reference Voltage Specifications
Vecio (V) Vier (V) Vrr (V)
1/0 Standard
Min Typ Max Min Typ Max Min Typ Max
SSTL2 049° | 05° | 051° | Vigr- Veer £
Class I, I 2.375 25 2625 | o | Veeo | Vewo | 0.04 Veer 0.04
SSTL'1 8 VREF - VREF +
Class I, I 1.71 1.8 1.89 0.833 0.9 0.969 0.04 Vrer 0.04
SSTL-15 047 * 05" 0.53 * 047 * 0.53 *
1.425 1.5 1.575 V
Class I, II Veeio Veeio Veeio Vecio REF Veeio
HSTL-18
Class L1 171 18 1.89 0.85 0.9 0.95 — Vegio/2 —
HSTL-15
Class L1 1.425 15 1575 | 0.68 0.75 0.9 — | Vo2 —
HSTL-12 047~ 05~ 0.53 *
1.14 1.2 1.26 — Veeio/2 —
Class I, II Vecio Veeio Veeio cei0
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Table 1-19. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications

v ']
Vigoey (V) Vinoe) (V) '(L\(,‘;c) '('%c) Vo (V) | Vou(V)
1/0 Standard I (mA) | Iy, (MA)
Min Max Min Max Max Min Max Min
SSTL-2 03 Veer- | Veert | Veciot | Veer- | Veert Vit - Vir + 8.1 81
Class | ’ 0.15 0.15 0.3 0.31 0.31 0.57 0.57 ' )
SSTL-2 } VRer - VRer + Veeio + VRer - VRer + Vit - Vir + .
Class Il 03 | 045 | o015 | 03 | 031 | 031 | o076 | o076 | 162 | 162
SSTL-18 03 Veer- | Veert | Veciot | Veer- | Veert Vit - Vir + 6.7 6.7
Class | ' 0.125 0.125 0.3 0.25 0.25 0.475 0.475 ' '
SSTL-18 i Veer- | Veer+ | Vecio+ | Veer- | Veer+ Vecio - i
Class Il 03 | o125 | 0125 | 03 | 025 | 025 | 028 | o8 | 134 | 134
SSTL'1 5 _ VREF - VREF + _ VREF - VREF + 02 * 08 * 8 '8
Class | 0.1 0.1 0175 | 0175 | Vewo | Vo
SSTL'1 5 . VREF - VREF + _ VREF - VREF + 02 * 08 * 16 16
Class I 0.1 0.1 0175 | 0475 | Voo | Voo
HSTL-18 _ i Vier + _ Veer- | Veer t Veeno - .
Class | Veer 011 g4 0.2 02 04 0.4 8 8
HSTL-18 _ Ve - ViRer + _ Ve - ViRer + Vecio - _
Class Il 01 0.1 02 02 04 0.4 16 16
HSTL-15 _ ViRer - Vier + _ VRer - Ve + 0.4 Vecio - 8 -8
Class | 0.1 0.1 0.2 0.2 ’ 0.4
HSTL-15 _ VRer - VRer + _ VRer - VRer + Veeio - ;
Class Il 01 0.1 02 02 04 0.4 16 16
HSTL'1 2 _0 15 VREF - VREF + VCC|0 + VREF - VREF + 025* 075* 8 '8
Class | ’ 0.08 0.08 0.15 0.15 0.15 VCClO VCClO
HSTL'1 2 _0 15 VREF - VREF + VCClO + VREF - VREF + 025* 075* 16 _1 6
Class I : 008 | 008 | 015 | 015 | 015 | Vewo | Veco
Table 1-20. Differential SSTL /0 Standards
10 Vecio (V) Vswingioc) (V) Vxacy (V) Vswiniac) (V) Voxac) (V)
Standard | iy | fyp | Max | Min | Max | Min | Typ | Max | Min | Max | Min | Typ | Max

SSTL-2 Vecio+ | Veeo2| | Vecio/2 Veeio | Veeo2| | Vecio/2
Class I, I | 237% | 25| 26251 03 | "™ | "o +02 | 9821 06 | -0.15 +0.15
SSTL'1 8 VCC|0+ VCCIO/2 VCC|0/2 VCClO VCC|O/2 VCC|O/2
Class |, q | 171 | 18 189 10251 "5em ) -\ — | o475 | 9% | voe | o | T | F

’ ’ 0.175 ' ' 0.125 0.125
SSTL-15
Class |, Il 1425|115 | 1575 | 0.2 — — Veeio/2 — 0.35 — — Vegio/2 _
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Table 1-21. Differential HSTL I/0 Standards
1/0 Veeio (V) er(nc) V) VX(Ac) V) VcM(nc) (v) anF(Ac) (V)
Standard | Min | Typ | Max | Min | Max | Min | Typ | Max | Min | Typ | Max | Min | Max
HSTL18 | 479 | 18 | 189 | 02 | — |078| — |142| 078 | — | 112 | 04 | —
Class |
HSTL-15
Class |, Il 1425 | 15 | 1575 | 0.2 — 1068 | — 0.9 0.68 — 0.9 0.4 —
HSTL-12 Veoo | | 0.5% . 0.4* 0.5* 0.6* Veeio
Class I, Il 114 12 126 0.16 +0.3 VCClO VCClO VCClO VCClO 03 +0.48
Table 1-22. Differential I/0 Standard Specifications ("), 2 (Part 1 of 2)
/0 Veeo (V)@ Vip (mV) Viemoc) (V) Voo (V) Voem (V) @
Standard Min | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
Transmitter, receiver, and input reference clock pins of high-speed transceivers use PCML I/0 standard. For
PCML transmitter, receiver, and reference clock 1/0 pin specifications, refer to Table 1-23 on page 1-16 and Table 1-24 on
page 1-25.
| 0.05| Dyax< 1.8 .
25V VDS Vo = ) |700Mbps | 0.247 06 | 1.125 | 1.25|1.375
2.375| 2.5 | 2.625 | 100 ¢
(HIO) 125V — | 105| Duw> | 1.55f 0247 | — | 0.6 | 1125 |1.25|1.375
9 | 700 Mbps | ¥ ' ' ' ' '
Diiax <
— | 0.05 MAX 1.8 (0247 | — | 0.6 1 125 1.5
_ 700 Mbps
25 VIVDS 19 375 1 95 [ 2605 | 100 | Vom= P
Vio) 125V 105 | D | 455 | 0047 06| 1 |125| 15
© | Y| 700 Mbps | ' B e ' '
RSDS Veow = . .
(HIO) 2.375| 2.5 |2.625 | 100 195V 0.3 14 | 01 (02|06 | 05 | 12| 14
RSDS Vem= | _ _
(VI0) 2.375| 2.5 (2625|100 195V 0.3 14 | 01 (02|06 | 05 | 12| 15
?”H'FA')LVDS 237525 2625 [200] — |600| 04| — [1325|025 | — 06| 1 |12 14
?(I/llnc;;LVDS 2.375| 2.5 | 2.625 | 200 — 600 | 0.4 — 1325|025 | — | 0.6 1 12| 15
. | 06 | Dyax< 1.8 I R R e A
2.375| 2.5 | 2.625 | 300 © | 700 Mbps | (©
LVPECL 7 ] D 16
_ _ MAX > . I I _ _ _
2.375| 2.5 | 2.625 | 300 © | 700 Mbps | (©
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Table 1-22. Differential I/0 Standard Specifications ("), 2 (Part 2 of 2)

/0 Ve (V)@ Vip (mV) Vigmog) (V) Voo (V) ¥ Voem (V) @

Standard | pup | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max| Min | Typ | Max

BLVDS® |2.375| 2.5 | 2.625 | 100 — — | — — — —_ | = = — | =] —

Notes to Table 1-22:
(1) Vertical I/0 (VI0) is top and bottom 1/0s; horizontal 1/0 (HI0) is left and right 1/0s.
(2) 1.4-V/1.5-V PCML transceiver I/0 standard specifications are described in “Transceiver Performance Specifications” on page 1-16.

(3) Differential clock inputs in column 1/0 are powered by Vg _cin Which requires 2.5 V. Differential inputs that are not on clock pins in column 1/0 are
powered by Veepp Which requires 2.5 V. All differential inputs in row 1/0 banks are powered by V¢epp Which requires 2.5V.

(4) RLrange:90<RL<110Q.

(5) The receiver voltage input range for the data rate when Dyax > 700 Mbps is 1.0 V< V) <1.6 V.
The receiver voltage input range for the data rate when Dyay < 700 Mbps is zero V< V,y <1.85 V.

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

(7) Column and row 1/0 banks support LVPEGCL /0 standards for input operation only on dedicated clock input pins.

(8) For more information about BLVDS interface support in Altera devices, refer to AN522: Implementing Bus LVDS Interfaces in Supported Altera Device
Families.

Power Consumption

Altera offers two ways to estimate power consumption for a design the Excel-based
Early Power Estimator and the Quartus® Il PowerPlay Power Analyzer feature.

I'=”  You typically use the interactive Excel-based Early Power Estimator before designing
the FPGA to get a magnitude estimate of the device power. The Quartus Il PowerPlay
Power Analyzer provides better quality estimates based on the specifics of the design
after you complete place-and-route. The PowerPlay Power Analyzer can apply a
combination of user-entered, simulation-derived, and estimated signal activities that,
when combined with detailed circuit models, yields very accurate power estimates.
“ e Formore information about power estimation tools, refer to the PowerPlay Early Power
Estimator User Guide and the PowerPlay Power Analysis chapter in the Quartus II
Handbook.

Switching Characteristics

This section provides performance characteristics of Stratix IV core and periphery
blocks for commercial, industrial, and military grade devices.

The final numbers are based on actual silicon characterization and testing. The
numbers reflect the actual performance of the device under worst-case silicon process,
voltage, and junction temperature conditions. There are no designations on finalized
tables.
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Transceiver Performance Specifications

This section describes transceiver performance specifications.

Table 1-23 lists the Stratix IV GX transceiver specifications.

Tahle 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 1 of 9)

-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ . Speed Grade -2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
Reference Clock
Supported /0 1.2V PCML, 1.4V PCML 1.5 V PCML, 2.5 VV PCML, Differential LVPECL (), LVDS, HCSL
Standards
Input frequency
from REFCLK input — 50 — 697 50 — 697 50 — 637.5 | MHz
pins
Phase frequency
detector (CMU PLL — 50 — | 425 | 50 — 325 50 — 325 MHz
and receiver CDR)
Absolute Vyax for a . N N N . 16 | — . 16 v
REFCLK pin
Operational Vya for . _ | — 45| — . 15 | — . 15 v
a REFCLK pin
Absolute Vyy for a . 04| — | — | 04 . — | 04| — . v
REFCLK pin
Rise/fall time 7/ — — — 0.2 — — 0.2 — — 0.2 ul
Duty cycle — 45 — 55 45 — 55 45 — 55 %
Peak-to-peak
differential input — 200 — | 1600 | 200 — 1600 | 200 — 1600 mV
voltage
Spread-spectrum
modulating clock PCle 30 — 33 30 — 33 30 — 33 kHz
frequency
Spread-spectrum Oto Oto Oto
PCle — — — — — — —
downspread -0.5% -0.5% -0.5%
On-.ch|p termination _ — 100 | — | — 100 . . 100 . 0
resistors
Viem (AC coupled) — 1100 £ 10% 1100 £ 10% 1100 £ 10% mV
HCSL I/0
standard for
Viem (DC coupled) PCle reference 250 | — | 550 | 250 — 550 | 250 — 550 mV
clock
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 2 of 9)
-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ e Speed Grade —2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
10 Hz — — | 50 | — — -50 — — -50 | dBc/Hz
100 Hz — — | -80 | — — -80 — — -80 | dBc/Hz
Transmitter REFCLK 1 KHz —_— — -110 — — -110 — — -110 dBc/Hz
Phase Noise 10 KHz — | — |120| — — | 120 | — | — | -120 | dBc/Hz
100 KHz — — |-120| — — -120 | — — -120 | dBc/Hz
>1 MHz — — | -130| — — -130 | — — -130 | dBc/Hz
Transmitter REFCLK
Phase Jitter (rms) 10 KHz to | . . . .
for 100 MHz 20 MHz 3 3 3 | s
REFCLK
R . | 2000 2000+ | __ | 2000 . o
REF 1% 1% +1%
Transceiver Clocks
Calibration block — 0] — |125] 10| — |125] 10| — | 125 | MHz
clock frequency
fixedclk clock PCle Receiver | | yo5 | _ | _ 125 _ — | 125 _ MHz
frequency Detect
reconfia clk Dynamic 2.5/ 2.5/ 2.5/
clock fre gu_enc reconfiguration | 375 | — 50 | 37.5 — 50 37.5 — 50 —
quency clock frequency | () ()
Delta time between
reconfig clks — — — 2 — — 2 — — 2 ms
(19)
Transceiver block
minimum
power-down — 1 — — 1 — — 1 — — s
(9xb_powerdown)
pulse width
Receiver
Supported 1/0 1.4V PCML, 15V PCML, 2.5 V PCML, LVPECL, LVDS
Standards
Data rate (Single
width, non-PMA — 600 | — |3750| 600 — 3750 | 600 — 3750 | Mbps
Direct) (2%
Data rate (Double 6375
width, non-PMA — 1000 | — | 8500 | 1000 — 6500 | 1000 | — (22) | Mbps
Direct) (2%
Data rate (Single
width, PMA Direct) — 600 | — [3250| 600 — 3250 | 600 — 3250 | Mbps
(23)
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 3 of 9)
-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ e Speed Grade —2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
Data rate (Double
width, PMA — 1000 | — | 6500 | 1000 — 6500 | 1000 | — 6375 | Mbps
Direct) (23)
Absolute VMAX fora _ _ _ _ . . .
receiver pin () 16 16 16 v
Operational Vyax for . — | — 15| — . 15 | — . 15 v
a receiver pin
Absolute Vi for 2 — 04| — | — 04| — | — |04 — | = | v
receiver pin
Maximum
peak-to-peak
differential input . o . . . .
voltage Vp (diff p-p) 16 16 16 v
before device
configuration
Maximum peak-to- | Viey=082V | | o . . .
peak differential setting 2.1 2.1 2.1 v
input voltage V|p v 11V
(diff p-p) after ) — | — |16 ]| — — |16 | — | — | 16 v
device configuration setting
Data Rate =
600 Mbps to
5 Gbps 100 — | — 10| — | — |15 — | — | mv
Minimum Equalization=0
differential eye DC gain = 0 dB
opening at receiver
serial input pins (2% Data Rate
> 5 Gbps
Equalization =0 165 ) — | — | 165 | — — |1 = o mv
DC gain=0dB
Viow = 0.82V 820 + 10% 820 + 10% 820 + 10% mv
setting
View V=11V
Icm = y 1100 = 10% 1100 £ 10% 1100 = 10% mV
setting (/)
Receiver DC . For more information about receiver DC coupling support, refer to the “DC-
Coupling Support Coupled Links” section in the Transceiver Architecture in Stratix 1V Devices chapter.
85-Q setting 85 = 20% 85 + 20% 85 = 20% Q
Differential on-chip |"409_¢ setting 100 + 20% 100 + 20% 100 + 20% 0
termination - . . .
resistors 120-Q) setting 120 £ 20% 120 £ 20% 120 £ 20% Q
150-Q setting 150 £ 20% 150 £ 20% 150 £ 20% Q
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 4 of 9)

-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ e Speed Grade —2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
PCle (Gen 1
and Gen 2),
XAUI,
, ) HiGig+,
Differential and CEl SR/LR
common mode Serial RapidiO Compliant —
return loss SR/LR
CPRI LV/HV,
OBSAI,
SATA
Programmable PPM . +62.5, 100, 125, 200, oo
detector ¢/ 250, 300, 500, 1000
Run length — — — [ 200 | — — 200 — — 200 ul
Programmable . R . . . .
equalization (19 16 16 16 dB
tLTR 9) —_— —_— — 75 —_— —_— 75 —_— —_— 75 us
tirr_1mo_manual (7 — 15 — — 15 — — 15 — — us
t7D_Manual (1) — — — 4000 — — 4000 — — 4000 ns
tirp Ao (77 — 4000 | — — | 4000 — — | 4000 | — — ns
PCle Gen1 20-35 MHz
PCle Gen2 40 - 65 MHz
(QIF) CEI PHY i
at 6.375 Gbps 20-35 MHz
XAUI 10- 18 MHz
Receiver CDR Serial RapldIO 10-18 MH
- z
3 dB Bandwidth in 1.25 Gbps
lock-to-data (LTD) | Serial RapidIO
mode 2.5 Gbps 10- 18 MHz
Serial RapidlO )
3125 Gbps 6-10 MHz
GIGE 6-10 MHz
SONET 0C12 3-6 MHz
SONET 0C48 14-19 MHz
Receiver buffer and recon
CDR offset 1850 fig
cancellation time o T 18050 o o 0 o — | 18500 clk
(per channel) cycles
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Tahle 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 5 of 9)

-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ e Speed Grade —2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
DC GaTOSettmg _ 0 ol 0 _ _ 0 _ B
DC GaT1Sett|ng . 3 ol 3 . . 3 . dB
Programmable DG | DC Gain Setting | __ 6 ol 6 _ _ 6 _ B
gain =2
DC GaTSSettmg . 9 ol 9 . . 9 . dB
DC GaT4Sett|ng . 12 o 12 . . 12 _ B
EyeQ Data Rate — 600 | — [3250| 600 — 3250 | 600 — 3250 | Mbps
min VlD
(diff p-p)
AEQ Data Rate outer envelope | o50q |\ 6500 | 2500 | — | 6500 | — | — | — | Mbps
=600 mV
8B/10B
encoded data
Decision Feedback (g::‘? V_'D)
Equalizer (DFE) Data p p| 3125| — 6500|3125 | — [6500| — | — | — | Mbps
Rate outer envelope
=500 mV
Transmitter
Supported 1/0 1.4V PCML, 1.5V PCML
Standards
Data rate (Single
width, non-PMA — 600 | — 600 — 3750 | 600 — 3750 | Mbps
) 3750
Direct)
Data rate (Double 6375
w!dth, non-PMA — 10001 — 8500 1000 — 6500 | 1000 | — (22) Mbps
Direct)
Data rate (Single — 600 | — 600 | — |3250 | 600 | — | 3250 | Mbps
width, PMA Direct) 3250
Data rate (Double
v(\/1|gth, PMA Direct) — 10001 — 16500 1000 — 6500 | 1000 | — 6375 | Mbps
Vocm 0.65Vsetting | — | 650 | — — 650 — — 650 — mV
85-Q setting 85+ 15% 85+ 15% 85+ 15% Q
Differential on-chip - [~100_q setting 100 + 15% 100 + 15% 100 + 15% Q
termination - 5 5 5
resistors 120-Q setting 120 + 15% 120 + 15% 120 + 15% Q
150-Q setting 150 + 15% 150 + 15% 150+ 15% Q
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 6 of 9)

-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ e Speed Grade —-2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (" Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
PCle Gen1 and
Gen2 (TX
Vop=4),
XAUI (TX
Vop=6),
HiGig+
(TX Vgp=6),
CEl SR/LR
Differential and (TX Vgp=8),
common mode Serial RapidlO Compliant —
return loss SR (Vgp=6),
Serial RapidlO
LR (Vop=8),
CPRI LV
(Vop=b),
CPRI RV
(Vop=2),
O0BSAI (Vgp=6),
SATA (Vgp=4),
Rise time (19 — 50 — | 200 | 50 — 200 50 — 200 psS
Fall time ("9 — 50 — | 200 | 50 — 200 50 — 200 ps
XAUI rise time — 60 — | 130 | 60 — 130 60 — 130 ps
XAUI fall time — 60 — | 130 | 60 — 130 60 — 130 ps
Intra-differential pair _ | _ . _ _
skew 15 15 15 psS
Intra-transceiver x4 PMA and
block transmitter PGS bonded
channel-to-channel mode Example: | — | — | 120 | — — 120 | — — 120 ps
XAUI, PCle x4,
skew .
Basic x4
Inter-transceiver x8 PMA and
block transmitter PGS bonded
mode Example: | — — 500 | — — 500 — — 500 ps
channel-to-channel
PCle x8,
skew )
Basic x8
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 7 of 9)
-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ . Speed Grade —2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
N < 18 channels
located across
three
transceiver
blocks with the
source CMU — — | 400 | — — 400 — — 400 ps
PLL located in
the center
Inter-transceiver transceiver
block skew in Basic block
(PMA Direct) xN N> 18 channels
mode (19 located across
fourtransceiver
blocks with the
source CMU
PLLlocatedin | — | — [0 | — o 650 | — o 650 ps
one of the two
center
transceiver
blocks
CMUO PLL and CMU1 PLL
g“pp"”ed Data — 600 | — |8500| 600 | — |6500| 600 | — | 6375 | Mbps
ange
pll powerdown
minimum pulse .
width 1 us
(tpll powerdown)
CMU PLL lock time
from — — | —J1o| — | — [0 — | — | 100 | s

pll powerdown
de-assertion
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 8 of 9)
-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ . Speed Grade —2x Commercial Commercial/Industrial :
Description Conditions Speed Grade (7 Speed Grade Unit
Min | Typ | Max | Min Typ Max | Min Typ Max
PCle Gen1 25-35 MHz
PCle Gen2 6-8 MHz
(OIF) GEI PHY i
at 4.976 Gbps 7 MHz
(OIF) CEI PHY i
at 6.375 Gbps 5-10 MHz
XAUI 2-4 MHz
i . Serial RapidlO i
3 dB Bandwidth 1.25 Ghps 3-55 MHz
Serial RapidlO )
2.5 Ghps 3-55 MHz
Serial RapidlO i
3125 Gbps 2-4 MHz
GIGE 25-45 MHz
SONET 0C12 1.5-25 MHz
SONET 0C48 35-6 MHz
ATX PLL (6G)
L1 4800-5400 and 4800-5400 and 4800-5400 and Mbos
- 6000-6500 6000-6500 6000-6375 P
Supported Data L2 2400-2700 and 2400-2700 and 2400-2700 and Mbos
Range (1% B 3000-3250 3000-3250 3000-3187.5 P
=4 1200-1350 and 1200-1350 and 1200-1350 and Mbos
- 1500-1625 1500-1625 1500-1593.75 P
PCle Gen 2 1.5 1.5 — MHz
-3 dB Bandwidth (OIF) CEI PHY
at 6.375 Gbps 3-45 3-45 — MHz
Transceiver-FPGA Fabric Interface
Interface speed
, — 25 — | 325 | 25 — 325 25 — 250 MHz
(non-PMA Direct)
Interface speed
, — 50 — | 325 | 50 — 325 50 — 325 MHz
(PMA Direct)
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Table 1-23. Transceiver Specifications for Stratix IV GX Devices (Part 9 of 9)

-3 Commercial/ -3 Military @
-2 Commercial Industrial and and -4
Symbol/ - Speed Grade -2x Commercial Commercial/Industrial ;
Description Conditions Speed Grade (7 Speed Grade Unit

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

Digital reset pulse
width

Notes to Table 1-23:

(1) The —2x speed grade is the fastest speed grade offered in the following Stratix IV GX devices: EP4SGX70DF29, EP4SGX110DF29,
EP4SGX110FF35, EP4SGX230DF29, EP4SGX110FF35, EP4SGX180DF29, EPASGX230FF35, EP4SGX290FF35, EPASGX180FF35,
EP4SGX290FH29, EP4SGX360FF35, and EPSGX360FH29.

(2) Stratix IV GX devices in military speed grade only support selected transceiver configuration up to 3125 Mbps. For more information, contact
Altera sales representative.

(3) To calculate the REFCLK rms phase jitter requirement at reference clock frequencies other than 100 MHz, use the following formula: REFCLK
rms phase jitter at f (MHz) = REFCLK rms phase jitter at 100 MHz * 100/f.

(4) Differential LVPECL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.

(5) The minimum reconfig_clk frequency is 2.5 MHz if the transceiver channel is configured in Transmitter only mode. The minimum
reconfig clk frequency is 37.5 MHz if the transceiver channel is configured in Receiver only or Receiver and Transmitter mode. For more
information, refer to the Dynamic Reconfiguration in Stratix IV Devices chapter.

(6) The device cannot tolerate prolonged operation at this absolute maximum.

(7) You must use the 1.1-V RX V¢ setting if the input serial data standard is LVDS.
(8) The rate matcher supports only up to = 300 parts per million (ppm).
(C)
(10

— Minimum is two parallel clock cycles —

9) Time taken to rx pll locked goes high from rx analogreset de-assertion. Refer to Figure 1-2 on page 1-33.

10) Time for which the CDR must be kept in lock-to-reference (LTR) mode after rx_pll locked goes high and before rx_locktodata is asserted
in manual mode. Refer to Figure 1-2 on page 1-33.

(11) Time taken to recover valid data after the rx_locktodata signal is asserted in manual mode. Refer to Figure 1-2 on page 1-33.
(12) Time taken to recover valid data after the rx_freglocked signal goes high in automatic mode. Refer to Figure 1-3 on page 1-33.

(13) A GPLL may be required to meet the PMA-FPGA fabric interface timing above certain data rates. For more information, refer to the “Left/Right
PLL Requirements in Basic (PMA Direct) Mode” section in the Transceiver Clocking in Stratix |V Devices chapter.

(14) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.

(15) For applications that require low transmit lane-to-lane skew, use Basic (PMA Direct) xN to achieve PMA-Only bonding across all channels in the
link. You can bond all channels on one side of the device by configuring them in Basic (PMA Direct) xN mode. For more information about
clocking requirements in this mode, refer to the “Basic (PMA Direct) Mode Clocking” section in the Transceiver Clocking in Stratix IV Devices
chapter.

(16) The Quartus Il software automatically selects the appropriate /L divider depending on the configured data.

(17) The maximum transceiver-FPGA fabric interface speed of 265.625 MHz is allowed only in Basic low-latency PCS mode with a 32-bit interface
width. For more information, refer to the “Basic Double-Width Mode Configurations” section in the Transceiver Architecture in Stratix IV Devices
chapter.

(18) Figure 1-1 shows the AC gain curves for each of the 16 available equalization settings.

(19) If your design uses more than one dynamic reconfiguration controller (altgx_reconfig) instances to control the transceiver (altgx) channels
physically located on the same side of the device AND if you use different reconfig_clk sources for these altgx reconfig instances, the
delta time between any two of these reconfig clk sources becoming stable must not exceed the maximum specification listed.

(20) The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver
Equalization, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level. Use H-Spice simulation to
derive the minimum eye opening requirement with Receiver Equalization enabled.

(21) The rise and fall time transition is specified from 20% to 80%.

(22) Stratix IV GX devices in -4 speed grade support Basic mode and deterministic latency mode transceiver configurations up to 6375 Mbps. These
configurations are shown in the figures 1-90, 1-92, 1-94, 1-96, and 1-101 in the Transceiver Architecture in Stratix IV Devices chapter.

(23) To support data rates lower than 600-Mbps specification through oversampling, use the CDR in LTR mode only.
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Figure 1-1 shows the top-to-bottom AC gain curve for equalization settings 0 to 15.

Figure 1-1. AC Gain Curves for Equalization Settings 0 to 15 (Bottom to Top)

A P O

Table 1-24 lists the Stratix IV GT transceiver specifications.

Table 1-24. Transceiver Specifications for Stratix IV GT Devices (Part 1 of 8)

-1 Industrial Speed -2 Industrial Speed -3 Industrial Speed
Symbol/ . Grade Grade Grade ;
Description Conditions Unit
Min | Typ | Max | Min | Typ Max Min | Typ Max
Reference Clock
Supported 1/0 1.2V PCML, 1.4V PCML, 1.5 V PCML, 2.5 V PCML, Differential LVPECL (), LVDS
Standards
Input frequency
from REFCLK input — 50 — | 706.25 | 50 — | 706.25 | 50 — | 706.25 MHz
pins
Phase frequency
detector (CMU PLL — 50 — | 425 50 | — 425 50 | — 425 MHz
and receiver CDR)
Absolute Vyax for a o — | — | 15 | 16 | 16 Y
REFCLK pin
OperationaI.VMAXfor L L . 15 o 15 o 15 v
a REFCLK pin
AbsoluteyM|Nfora o 03 | — — |asl] — . 03| — o Y
REFCLK pin
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Table 1-24. Transceiver Specifications for Stratix IV GT Devices (Part 2 of 8)

-1 Industrial Speed -2 Industrial Speed -3 Industrial Speed
Symbol/ - Grade Grade Grade :
Description Conditions Unit
Min | Typ | Max | Min | Typ Max Min | Typ Max
Rise/fall time — — — 0.2 — | — 0.2 — | — 0.2 ul
Duty cycle — 45 — 55 45 | — 55 45 — 55 %
Peak-to-peak
differential input — 200 | — | 1200 | 200 | — 1200 | 200 | — 1200 mV
voltage
On-chip termination . — |10l — — | 100 . — | 100 . o
resistors
Viem — 1200 + 10% 1200 + 10% 1200 + 10% mV
10 Hz — — -50 — | — -50 — | — -50 dBc/Hz
100 Hz — — -80 — | — -80 — | — -80 dBc/Hz
Transmitter REFCLK 1 KHz — — -110 — — -110 — — -110 dBc/Hz
Phase Noise 10 KHz — | =] 120 | — | — | 120 | — | — | -120 dBc/Hz
100 KHz — — | 120 | — | — -120 — | — -120 dBc/Hz
>1 MHz — — | 130 | — | — -130 — | — -130 dBc/Hz
Transmitter REFCLK
Phase Jitter (rms) 10 KHz to . . 3 o 3 | 3 s
for 100 MHz 20 MHz p
REFCLK @
2000 2000 2000
Reer - S PR TS Mt PT7S I Bl VTS B Q
Transceiver Clocks
Calibration block — 10 | — | 125 | 10| — | 125 | 10| — | 125 MHz
clock frequency
reconfia olk Dynamic 2.5/ 2.5/ 2.5/
ek e 9u—enc reconfiguration | 375 | — | — [375| — | 50 |375| — | 50 MHz
quency clock frequency 4 (1) (1)
fixedclk clock PCle Receiver — 15| — — | 125 . — | 125 . MHz
frequency Detect
Delta time between
reconfig clks — — — 2 — | — 2 — | — 2 ms
(15)
Transceiver block
minimum
(9xb_powerdown) — — 1 — — 1 — — 1 — us
power-down pulse
width
Receiver
Supported 1/0
Standards 1.4V PCML, 1.5V PCML, 2.5 V PCML, LVPECL, LVDS
Data rate (Single
width, — 600 | — | 3750 | 600 | — 3750 | 600 | — 3750 Mbps
non-PMA Direct) (76)
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Table 1-24. Transceiver Specifications for Stratix IV GT Devices (Part 3 of 8)

Symbol/
Description

Conditions

-1 Industrial Speed
Grade

-2 Industrial Speed
Grade

-3 Industrial Speed
Grade

Min | Typ | Max

Min | Typ Max

Min | Typ Max

Unit

Data rate (Double
width,
non-PMA Direct) (76)

1000 | — | 11300

1000 - | 103125

1000 | — 8500

Mbps

Data rate (Single
width,
PMA Direct) (76)

600 - | 3250

600 - 3250

600 | — 3250

Mbps

Data rate (Double
width,
PMA Direct) (16)

1000 | - | 6500

1000 | - 6500

1000 | — 6500

Mbps

Absolute Vyax for a
receiver pin (4

Operational Vyay for
a receiver pin

Absolute Vyy for a
receiver pin

Maximum
peak-to-peak
differential input
voltage V|p (diff p-p)
before device
configuration

Maximum
peak-to-peak
differential input
voltage V|p (diff p-p)
after device
configuration

Viem=0.82V
setting

Vigw=12V
setting ¥

Minimum
differential eye
opening at the
receiver serial input
pins for data rates
< 10.3125 Gbps.

Equalization=0
(6)

DC gain=0dB

85 — —

8 | — —

85 | — —

mV

Minimum
differential eye
opening at the
receiver serial input
pins for data rates
> 10.3125 Gbps.

Equalization=0
(6)

DC gain=0dB

165 — —

mV

VICM

Viem=0.82V
setting

820 + 10%

820 + 10%

820 + 10%

mV

Vigw=1.2V
setting ®

1200 + 10%

1200 + 10%

1200 + 10%

mV
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Table 1-24. Transceiver Specifications for Stratix IV GT Devices (Part 4 of 8)
-1 Industrial Speed -2 Industrial Speed -3 Industrial Speed
Symbol/ - Grade Grade Grade :
Description Conditions Unit
Min | Typ | Max | Min | Typ Max Min | Typ Max
85-Q setting 85 +20% 85 +20% 85+ 20% Q
Differential on-chip |"400_¢ setting 100 + 20% 100 + 20% 100 + 20% 0
termination - 5 5 5
resistors 120-Q setting 120 + 20% 120 + 20% 120 + 20% Q
150-Q2 setting 150 £ 20% 150 £ 20% 150 £ 20% Q
PCle (Gen 1
and Gen 2),
XAUI,
, ) HiGig+,
Differential and CEI SR/LR
common mode Serial Rapidio Compliant —
return loss SR/LR
CPRI LV/RV,
OBSAI,
SATA
Programmable PPM o o +62.5, 100, 125, 200, oo
detector () 250, 300, 500, 1000
Run length — — — 200 — | — 200 — — 200 ul
Programmable — — =] | =] =] 16 | —|—1] 16 dB
equalization
tirg @ — — | — | 75 — | — 75 — | — 75 Hs
tirR 110_Manuat 7 — 15 — — 15 | — — 15 | — — us
tLTD_ManuaI (10) — — — 4000 — — 4000 — — 4000 ns
tiro_aute (77 — 4000 | — — 4000 — — 4000 | — — ns
Receiver buffer and
CDR Offset . . . _ 17000 | — _ 17000 _ _ 17000 reconfig clk
cancellation time cycles
(per channel)
DC GaT gettmg . 0 . N . . 0 . dB
DC GaT 1Settlng . 3 . N . . 3 . dB
Programmable DC | DC Gain Setting | . . . . .
qain o 6 6 6 dB
DC GaT gettmg . 9 . — | 9 . . 9 . dB
DC GaT jettmg . 1| — — | 1 . — | 1 . dB
EyeQ Max Data Rate — — — 4.0 — | — 4.0 — — 4.0 Gbps
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Table 1-24. Transceiver Specifications for Stratix IV GT Devices (Part 5 of 8)
-1 Industrial Speed -2 Industrial Speed -3 Industrial Speed
5 :sv':t:ll:)l::{, ] Conditions Grade Grade Grade Unit
Min | Typ | Max | Min | Typ Max Min | Typ Max
min VlD
(diff p-p)
outer envelope . . | .
AEQ Data Rate ~ 600 mV 2500 6500 | 2500 6500 Mbps
8B/10B
encoded data
Decision Feedback (31”'(? V_'D)
Equalizer (DFE) Data | ppl 3125 | — | 6500 |3125| — | 6500 | — | — | — Mbps
Rate outer envelope
=600 mV
Transmitter
Supported 1/0
Standards 1.4V PCML
Data rate (Single
width, — 600 | — | 3750 | 600 | — 3750 | 600 | — 3750 Mbps
non-PMA Direct)
Data rate (Double
width, — 1000 | — | 11300 | 1000 | — |[10312.5|1000| — 8500 Mbps
non-PMA Direct)
Data rate (Single
width, — 600 | — | 3250 | 600 | — 3250 | 600 | — 3250 Mbps
PMA Direct)
Data rate (Double
width, — 1000 | — | 6500 |1000| — 6500 |1000| — 6500 Mbps
PMA Direct) (72
Vocwm 0.65 V setting — | 650 | — — | 650 — — | 650 — mV
85-Q setting 85+ 15% 85 +15% 85 +15% Q
Differential on-chip - 400_¢ setting 100 £ 15% 100 + 15% 100 £ 15% Q
termination _
resistors 120-Q) setting 120 = 15% 120 = 15% 120 = 15% Q
150-Q setting 150 = 15% 150 £ 15% 150 £ 15% Q
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Table 1-24. Transceiver Specifications for Stratix IV GT Devices (Part 6 of 8)
-1