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Cyclone V Device Datasheet

This datasheet describes the electrical characteristics, switching characteristics, configuration specifications, and I/O timing for Cyclone® V devices.

Cyclone V devices are offered in commercial and industrial grades. Commercial devices are offered in —C6 (fastest), —-C7, and —C8 speed grades.

Industrial grade devices are offered in the -17 speed grade. Automotive devices are offered in the ~A7 speed grade.

Related Information
Cyclone V Device Overview
Provides more information about the densities and packages of devices in the Cyclone V family.

Electrical Characteristics

The following sections describe the operating conditions and power consumption of Cyclone V devices.

Operating Conditions

Cyclone V devices are rated according to a set of defined parameters. To maintain the highest possible performance and reliability of the Cyclone V

devices, you must consider the operating requirements described in this section.

Absolute Maximum Ratings

This section defines the maximum operating conditions for Cyclone V 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.

Caution: Conditions outside the range listed in the following table may cause permanent damage tothe device. Additionally, device operation at

the absolute maximum ratings for extended periods of time may have adverse effects on the device.
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2 Absolute Maximum Ratings

Table 1: Absolute Maximum Ratings for Cyclone V Devices
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Core voltage and periphery circuitry power supply -0.5 1.43

VCCPGM Configuration pins power supply -0.5 3.90

Vee aux Auxiliary supply -0.5 3.25 A%
VCCBAT Battery back-up power supply for design security volatile key -0.5 3.90 \%

register

Vcerp /O pre-driver power supply -0.5 3.90 \Y%
Vecio I/0 power supply -0.5 3.90 \%
Veea FpLL Phase-locked loop (PLL) analog power supply -0.5 3.25 \Y%
Veen Gxs Transceiver high voltage power -0.5 3.25 \Y%
Vcee gxB Transceiver power -0.5 1.50 A%
Veer Gxs Transceiver clock network power -0.5 1.50 \Y%
Vi DC input voltage -0.5 3.80 A
Ve nps HPS core voltage and periphery circuitry power supply -0.5 1.43 \%
Veerp_bps HPS I/O pre-driver power supply -0.5 3.90 \%
Veeio_nps HPS I/O power supply -0.5 3.90 A%
VCCRSTCLK_HPS HPS reset and clock input pins power supply -0.5 3.90 \%
VeepLL_Hps HPS PLL analog power supply -0.5 3.25 \Y%
Vee aux suarep'” | HPS auxiliary power supply -0.5 3.25 Y
Tour DC output current per pin 25 40 mA
Ty Operating junction temperature -55 125 °C
Tstg Storage temperature (no bias) -65 150 °C

M Ve aux_sHarep must be powered by the same source as Ve aux for Cyclone V SX C5, C6, D5, and D6 devices, and Cyclone V SE A5 and A6

devices.
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Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage listed in the following table and undershoot to 2.0 V for input currents less than 100
mA and periods shorter than 20 ns.

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 4.00 V can only be at 4.00 V for ~15% over the lifetime of the device; for a device lifetime of 10 years, this
amounts to 1.5 years.

Table 2: Maximum Allowed Overshoot During Transitions for Cyclone V Devices

This table lists the maximum allowed input overshoot voltage and the duration of the overshoot voltage as a percentage of device lifetime.
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3.85 68 %
3.9 45 %
3.95 28 %
4 15 %
4.05 13 %
4.1 11 %
4.15 9 %
Vi (AC) AC input voltage 4.2 8 %
4.25 7 %
4.3 54 %
4.35 3.2 %
4.4 1.9 %
4.45 1.1 %
4.5 0.6 %
4.55 0.4 %
4.6 0.2 %

Recommended Operating Conditions

This section lists the functional operation limits for the AC and DC parameters for Cyclone V devices.
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Recommended Operating Conditions

Table 3: Recommended Operating Conditions for Cyclone V Devices

This table lists the steady-state voltage values expected from Cyclone V devices. Power supply ramps must all be strictly monotonic, without
plateaus.

Devices without
Core voltage, periphery circuitry power internal scrubbing
supply, transceiver physical coding feature
Vee sublayer (PCS) power s ®pply, and - —
transceiver PCI Express® (PCIe®) hard IP | Devices with 1nterngl 112 L.15 118 \
digital power supply scrubbing feature (with
SC suffix) @
Vee aux Auxiliary supply — 2.375 2.5 2.625 \Y%
33V 3.135 3.3 3.465 \%
Veepp®? I/O pre-driver power supply 3.0V 2.85 3.0 3.15 \%
25V 2.375 2.5 2.625 \Y%

@ The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.
Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

) The SEU internal scrubbing feature is available for Cyclone V E, GX, SE, and SX devices with the "SC" suffix in the part number. For device availability
and ordering, contact your local Altera sales representatives.

@ Veepp must be 2.5 V when Vo is 2.5, 1.8, 1.5, 1.35, 1.25, or 1.2 V. Vcpp must be 3.0 V when Vg is 3.0 V. Vcpp must be 3.3 V when Vg is
33V
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33V 3.135 3.465 \%

30V 2.85 3.0 3.15 \%

25V 2.375 2.5 2.625 \%

1.8V 1.71 1.8 1.89 \%

Voo /O buffers power supply 15V 1.425 1.5 1.575 v

135V 1.283 1.35 1.418 \'%

125V 1.19 1.25 1.31 \'%

1.2V 1.14 1.2 1.26 \'%

33V 3.135 3.3 3.465 \'%

o 30V 2.85 3.0 3.15 \

VeeroMm Configuration pins power supply S5V e 55 vy v

1.8V 1.71 1.8 1.89 \%

Veea pril’® PLL analog voltage regulator power — 2.375 2.5 2.625 A%

supply

Veepar® Battery back-up power supply - 1.2 - 3.0 v
(For design security volatile key register)

Vi DC input voltage — -0.5 — 3.6 Vv

Vo Output voltage — 0 — VCCIO Vv

@ The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.
Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

®) PLL digital voltage is regulated from Ve ppri-
© If you do not use the design security feature in Cyclone V devices, connect Vccpar to a 1.5-V, 2.5-V, or 3.0-V power supply. Cyclone V power-on reset

(POR) circuitry monitors Vcpar. Cyclone V devices do not exit POR if Vcpar is not powered up.
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“
Commercial
Ty Operating junction temperature Industrial -40 — 100 °C
Automotive -40 — 125 °C
e Power supply ramp time Standard POR 200us — 100ms —
Fast POR 200ps — 4ms —

Transceiver Power Supply Operating Conditions

Table 4: Transceiver Power Supply Operating Conditions for Cyclone V GX, GT, SX, and ST Devices

Vel GxBL Transceiver high voltage power (left side) 2.375 2.625
Vece gxpl2M? Transmitter and receiver power (left side) 1.07/1.17 1.1/1.2 1.13/1.23 Y
Veer gxr?M? Clock network power (left side) 1.07/1.17 1.1/1.2 1.13/1.23 \Y

@ The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.
Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

™ This is also applicable to HPS power supply. For HPS power supply, refer to tg onp specifications for standard POR when HPS_PORSEL = 0 and tganp
specifications for fast POR when HPS_PORSEL = 1.

® The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.
Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

©) Altera recommends increasing the Vccg_gxpr and Vecr, gxpr typical value from 1.1 V to 1.2 V for Cyclone V GT and ST FPGA systems which
require full compliance to the PCle Gen2 transmit jitter specification. For more information about the maximum full duplex channels recommended
in Cyclone V GT and ST devices under this condition, refer to the Transceiver Protocol Configurations in Cyclone V Devices chapter.

(100 Altera recommends increasing the Vcg gxpr and Vecr, gxpr typical value from 1.1 V to 1.2 V for full compliance to CPRI transmit jitter specifica-
tion at 4.9152 Gbps ( Cyclone V GT and ST devices) and 6.144Gbps ( Cyclone V GT and ST devices only). For more information about the maximum
full duplex channels recommended in Cyclone V GT and ST devices for CPRI 6.144 Gbps, refer to the Transceiver Protocol Configurations in Cyclone
V Devices chapter.
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Related Information

+ PClIe Supported Configurations and Placement Guidelines
Provides more information about the maximum full duplex channels recommended in Cyclone V GT and ST devices which require full
compliance to the PCle Gen2 transmit jitter specification.

o 6.144-Gbps Support Capability in Cyclone V GT Devices
Provides more information about the maximum full duplex channels recommended in Cyclone V GT and ST devices for CPRI 6.144 Gbps.

HPS Power Supply Operating Conditions

Table 5: HPS Power Supply Operating Conditions for Cyclone V SX and ST Devices

This table lists the steady-state voltage and current values expected from Cyclone V system-on-a-chip (SoC) devices with ARM®-based hard
processor system (HPS). Power supply ramps must all be strictly monotonic, without plateaus. Refer to Recommended Operating Conditions for
Cyclone V Devices table for the steady—state voltage values expected from the FPGA portion of the Cyclone V SoC devices.

Ve nps HPS core voltage and periphery circuitry
power supply
33V 3.135 3.3 3.465 \%
Veerp_nps 2 | HPS 1/0 pre-driver power supply 3.0V 2.85 3.0 3.15 A%
25V 2.375 2.5 2.625 A%

(D) The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.
Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

12) Vepp_pps must be 2.5 V when Vo pps is 2.5, 1.8, 1.5, or 1.2 V. Voepp pps must be 3.0 V when Vo pps is 3.0 V. Veepp pps must be 3.3 V when
VCCIO_HPS is3.3V.

Altera Corporation Cyclone V Device Datasheet

C] Send Feedback


https://documentation.altera.com/#/link/nik1409855456781/nik1409855383350/en-us
https://documentation.altera.com/#/link/nik1409855456781/nik1409855410757/en-us
mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Cyclone%20V%20Device%20Datasheet%20(CV-51002%202016.12.09)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

CV-51002
2016.12.09

HPS Power Supply Operating Conditions

33V 3.135 3.465 A\

3.0V 2.85 3.0 3.15 A%

25V 2.375 2.5 2.625 \%

Vecio_nps HPS 1/0O buffers power supply 1.8V 1.71 1.8 1.89 A%

1.5V 1.425 1.5 1.575 A\

1.35 v 13 1.283 1.35 1.418 A\

1.2V 1.14 1.2 1.26 A\

33V 3.135 3.3 3.465 \%

v HPS reset and clock input pins power 3.0V 2.85 3.0 3.15 \
CCRSTCLK_HPS | gpply

25V 2.375 2.5 2.625 \'%

1.8V 1.71 1.8 1.89 \%

VeepLL,_Hps HPS PLL analog voltage regulator power — 2.375 2.5 2.625 A%
supply

Vee aux HPS auxiliary power supply — 2.375 2.5 2.625 \%

sHArREDY

Related Information

Recommended Operating Conditions on page 5

Provides the steady-state voltage values for the FPGA portion of the device.

(D) The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.

Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.
13 Veio_ngps 1.35 V is supported for HPS row 1/0 bank only.

4 Ve aux_sHarep must be powered by the same source as Ve aux for Cyclone V SX C5, C6, D5, and D6 devices, and Cyclone V SE A5 and A6

devices.
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DC Characteristics

Supply Current and Power Consumption

Altera offers two ways to estimate power for your design—the Excel-based Early Power Estimator (EPE) and the Quartus® Prime PowerPlay Power
Analyzer feature.

Use the Excel-based EPE before you start your design to estimate the supply current for your design. The EPE provides a magnitude estimate of the
device power because these currents vary greatly with the resources you use.

The Quartus Prime 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.

Related Information

o PowerPlay Early Power Estimator User Guide
Provides more information about power estimation tools.

o PowerPlay Power Analysis chapter, Quartus Prime Handbook
Provides more information about power estimation tools.

I/0 Pin Leakage Current

Table 6:1/0 Pin Leakage Current for Cyclone V Devices

Input pin =0V to Vcaiomax
IOZ Tri-stated I/O pin VO =0V to Veciomax -30 — 30 |.1A

Bus Hold Specifications

Table 7: Bus Hold Parameters for Cyclone V Devices

The bus-hold trip points are based on calculated input voltages from the JEDEC standard.
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Parameter

Bus-hold,
low,
sustaining
current

Lsust

Vecio (V)

OCT Calibration Accuracy Specifications 11

Vin> Vi,

(max)

I = = T = = o e (I ==
8 — 12 — 30 — 50 — 70 — 70 —

HA

Bus-hold,
high,
sustaining
current

Lsusu

Vin < Vin

(min)

-12

-30

-50

-70

-70

HA

Bus-hold,
low,
overdrive
current

IopL

0V VIN
<Vccio

125

175

200

300

500

500

Bus-hold,
high,
overdrive
current

Iopn

ov <VIN
<Vccio

-125

-175

-200

-300

-500

-500

Bus-hold
trip point

Vrrip

0.3

0.9

0.375

1.125

0.68

1.07

0.7

1.7

0.8

0.8

OCT Calibration Accuracy Specifications

If you enable on-chip termination (OCT) calibration, calibration is automatically performed at power up for I/Os connected to the calibration

block.

Table 8: OCT Calibration Accuracy Specifications for Cyclone V Devices

Calibration accuracy for the calibrated on-chip series termination (Rg OCT) and on-chip parallel termination (Ry OCT) are applicable at the
moment of calibration. When process, voltage, and temperature (PVT) conditions change after calibration, the tolerance may change.
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Symbol

Description

Condition (V)

Calibration Accuracy

+15 +15 +15

CV-51002
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25-Q Rg Internal series termination with | Vo = 3.0, 2.5, 1.8, 1.5, %
calibration (25-Q setting) 1.2

50-Q Rg Internal series termination with | Vcig = 3.0, 2.5, 1.8, 1.5, +15 +15 +15 %
calibration (50-Q setting) 1.2

34-Q and 40-Q Rg Internal series termination with | Vcio = 1.5, 1.35, 1.25, +15 +15 +15 %
calibration (34-Q and 40-Q 1.2
setting)

48-Q), 60-Q, and 80- | Internal series termination with | Ve = 1.2 +15 +15 +15 %

QRg calibration (48-Q), 60-Q), and
80-Q) setting)

50-Q Rt Internal parallel termination Voo =2.5,1.8,1.5,1.2 -10 to +40 -10 to +40 -10 to +40 %
with calibration (50-Q setting)

20-Q, 30-Q, 40-Q,60- | Internal parallel termination Veeio = 1.5, 1.35, 1.25 -10 to +40 —-10 to +40 —-10 to +40 %

Q, and 120-Q Ry with calibration (20-Q, 30-Q,
40-Q, 60-Q), and 120-() setting)

60-Q and 120-Q Ry | Internal parallel termination Veeo = 1.2 -10 to +40 -10 to +40 -10 to +40 %
with calibration (60-Q and 120-
Q setting)

25-Q Rg Jeft_shift Internal left shift series Veeio = 3.0, 2.5, 1.8, 1.5, +15 +15 +15 %
termination with calibration 1.2
(25-Q Rg_Jeft_shift setting)

OCT Without Calibration Resistance Tolerance Specifications

Table 9: OCT Without Calibration Resistance Tolerance Specifications for Cyclone V Devices

This table lists the Cyclone V OCT without calibration resistance tolerance to PVT changes.
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Symbol

Description

Condition (V)

OCT Without Calibration Resistance Tolerance Specifications 13

ResistanceTolerance

+30 +40 +40

Unit

25-Q Rg Internal series termination without | Vcio = 3.0, 2.5 %
calibration (25-Q setting)

25-Q Rg Internal series termination without | Voo = 1.8, 1.5 +30 +40 +40 %
calibration (25-Q setting)

25-Q Rg Internal series termination without | Vg = 1.2 +35 +50 +50 %
calibration (25-Q setting)

50-Q Rg Internal series termination without | Vcio = 3.0, 2.5 +30 +40 +40 %
calibration (50-Q) setting)

50-Q Rg Internal series termination without | Vo = 1.8, 1.5 +30 +40 +40 %
calibration (50-Q) setting)

50-Q Rg Internal series termination without | Vo = 1.2 +35 50 50 %
calibration (50-Q) setting)

100-Q Rp Internal differential termination Veeio =2.5 +25 +40 +40 %
(100-€2 setting)

Figure 1: Equation for OCT Variation Without Recalibration

Rocr = Rgear | 1+

The definitions for the equation are as follows:

o The Rpcr value calculated shows the range of OCT resistance with the variation of temperature and Vcjo.
o Rgcap is the OCT resistance value at power-up.

dR

deAT + X AV
dT -

dv

o AT is the variation of temperature with respect to the temperature at power up.
« AV is the variation of voltage with respect to the Vo¢jo at power up.
o dR/dT is the percentage change of Rgcay with temperature.

o dR/dV is the percentage change of Rgcay, with voltage.
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OCT Variation after Power-Up Calibration

Table 10: OCT Variation after Power-Up Calibration for Cyclone V Devices

CV-51002
2016.12.09

This table lists OCT variation with temperature and voltage after power-up calibration. The OCT variation is valid for a Vo range of 5% and a
temperature range of 0°C to 85°C.

3.0 0.100
2.5 0.100
1.8 0.100
dR/dv OCT variation with voltage without recalibration 1.5 0.100 %/mV
1.35 0.150
1.25 0.150
1.2 0.150
3.0 0.189
2.5 0.208
1.8 0.266
dR/dT r(zgiig::iia(‘::n with temperature without 15 0273 %/°C
1.35 0.200
1.25 0.200
1.2 0.317
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Pin Capacitance

Table 11: Pin Capacitance for Cyclone V Devices

Ciors Input capacitance on top and bottom I/O pins
Ciolr Input capacitance on left and right I/O pins 6 pF
CouTrs Input capacitance on dual-purpose clock output and feedback pins 6 pF

Hot Socketing

Table 12: Hot Socketing Specifications for Cyclone V Devices

LiopIN (DC) DC current per I/O pin

LIOPIN (AC) AC current per I/O pin 8(1% mA
Ixcvr-TX (DC) DC current per transceiver transmitter (TX) pin 100 mA
Ixcvr-RX (DC) DC current per transceiver receiver (RX) pin 50 mA

Internal Weak Pull-Up Resistor

All 1/O pins, except configuration, test, and JTAG pins, have an option to enable weak pull-up.

(15 The I/O ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |[;oppy| = C dv/dt, in which C is the I/O pin capacitance and dv/dt is the slew
rate.
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Table 13: Internal Weak Pull-Up Resistor Values for Cyclone V Devices

Veero = 3.3 5%
Veero = 3.0 £5% 25 kQ
Veearo = 2.5 5% 25 kQ
Ry | conbguration,as el as user mode ifyou have ensbledthe |0 18 £5% 2 s
programmable pull-up resistor option. Veeio = 1.5 5% 25 kQ
Veeo = 1.35 £5% 25 kQ
Veeo = 1.25 £5% 25 kQ
Veeo = 1.2 £5% 25 kQ

Related Information
Cyclone V Device Family Pin Connection Guidelines

Provides more information about the pins that support internal weak pull-up and internal weak pull-down features.
I/0 Standard Specifications

Tables in this section list the input voltage (Vg and Vi), output voltage (Vo and V), and current drive characteristics (Iog and I ) for various
I/0 standards supported by Cyclone V devices.

You must perform timing closure analysis to determine the maximum achievable frequency for general purpose I/O standards.

(19 Pin pull-up resistance values may be lower if an external source drives the pin higher than V¢po.
(7). Valid with +10% tolerances to cover changes over PVT.
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Single-Ended I/0 Standards

Table 14: Single-Ended I/0 Standards for Cyclone V Devices

Veeio (V)
1/0 Standard
| Min | Typ |
3.3

Vi (V)

-0.3 0.8 1.7 3.6 0.45 2.4 4

Single-Ended I/0 Standards 17

|OH(18) (mA)
-4

3.3-V 3.135 3.465

LVTTL

3.3-V 3.135 3.3 3.465 -0.3 0.8 1.7 3.6 0.2 Vecio-0.2 2 -2
LVCMOS

3.0-V 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
LVTTL

3.0-V 2.85 3 315 | -03 0.8 1.7 3.6 0.2 Veao-02 | 0.1 0.1
LVCMOS

3.0-V PCI 2.85 3 3.15 — 0.3 x VCCIO 0.5 x VCCIO VCCIO +0.3 0.1 x VCCIO 0.9 x VCCIO 1.5 -0.5
3.0-V 2.85 3 3.15 = 0.35 x VCCIO 0.5 x VCCIO VCCIO +0.3 0.1 x VCCIO 0.9 x VCCIO 1.5 -0.5
PCI-X

25V 2.375 2.5 2.625 -0.3 0.7 1.7 3.6 0.4 2 1 -1
1.8V 1.71 1.8 189 | -03 |0.35x Veeo | 0.65% Veao | Veco + 0.3 0.45 Vecio - 045 | 2 -2
15V 1.425 1.5 1.575 -0.3 0.35 x VCCIO 0.65 x VCCIO VCCIO +0.3 [0.25x% VCCIO 0.75 x VCCIO 2 -2
1.2V 1.14 1.2 1.26 -0.3 0.35 x VCCIO 0.65 x VCCIO VCCIO +0.3 | 0.25 % VCCIO 0.75 x VCCIO 2 -2

(18 To meet the I and Iy specifications, you must set the current strength settings accordingly. For example, to meet the 3.3-V LVTTL specification (4
mA), you should set the current strength settings to 4 mA. Setting at lower current strength may not meet the Iy and Iy specifications in the

datasheet.
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Single-Ended SSTL, HSTL, and HSUL 1/0 Reference Voltage Specifications

Table 15: Single-Ended SSTL, HSTL, and HSUL 1/0 Reference Voltage Specifications for Cyclone V Devices

CV-51002
2016.12.09

C m-m“—““—“
SSTL-2 2.375 2.625 0.49 x Vecro 0.5 % Vcero 0.51 X Vecro Vger - 0.04 VREFR Vger + 0.04
Class I, IT
SSTL-18 1.71 1.8 1.89 0.833 0.9 0.969 Virgr — 0.04 Virer Viggr + 0.04
Class I, 1T
SSTL-15 1.425 1.5 1.575 0.49 x Vo 0.5 % Vcero 0.51 X Vo | 049 X Vo 0.5 % Vcero 0.51 x Vecro
Class I, II
SSTL-135 1.283 1.35 1.418 0.49 x Vo 0.5 %< Vcearo 0.51 X Vo | 0.49 X Vecio 0.5 % Vcearo 0.51 x Vecro
Class I, IT
SSTL-125 1.19 1.25 1.26 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO
Class I, II
HSTL-18 1.71 1.8 1.89 0.85 0.9 0.95 — Vel _
Class I, II
HSTL-15 1.425 1.5 1.575 0.68 0.75 0.9 — Veaol/2 —
Class I, II
HSTL-12 1.14 1.2 1.26 0.47 x VCCIO 0.5 x VCCIO 0.53 x VCCIO = VCCIO/2 =
Class I, II
HSUL-12 1.14 1.2 1.3 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO — — —

Altera Corporation
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Single-Ended SSTL, HSTL, and HSUL I/0 Standards Signal Specifications

Single-Ended SSTL, HSTL, and HSUL I/O Standards Signal Specifications 19

Table 16: Single-Ended SSTL, HSTL, and HSUL I/0 Standards Signal Specifications for Cyclone V Devices

ViLpo) (V) Vinoe) (V) ViLac) (V) Vinac) (V) VoL (V) Vou (V) lo 1
e mm“mm“mm e

|OH(19) (mA)
-8.1

SSTL-2 VREF -0.15 VREF +0.15 VCCIO +0.3 VREF -0.31 VREF +0.31 VTT 0.608 VTT + 0.608

Class I

SSTL-2 -0.3 VREF -0.15 VREF +0.15 VCCIO + 0.3 VREF -0.31 VREF +0.31 VTT -0.81 VTT + 0.81 16.2 -16.2
Class 1T

SSTL-18 -0.3 VREF -0.125 VREF +0.125 VCCIO +0.3 VREF -0.25 VREF +0.25 VTT -0.603 VTT + 0.603 6.7 -6.7
Class I

SSTL-18 -0.3 VREF -0.125 VREF +0.125 VCCIO +0.3 VREF -0.25 VREF +0.25 0.28 VCCIO -0.28 134 -134
Class IT

SSTL-15 — VREF -0.1 VREF +0.1 — VREF -0.175 VREF +0.175| 0.2 x VCCIO 0.8 x VCCIO 8 -8
Class I

SSTL-15 — VREF -0.1 VREF +0.1 = VREF -0.175 VREF +0.175| 0.2 x VCCIO 0.8 x VCCIO 16 -16
Class IT

SSTL-135 — VREF -0.09 VREF +0.09 — VREF -0.16 VREF +0.16 0.2 x VCCIO 0.8 x VCCIO — —
SSTL-125 — VREF -0.85 VREF + 0.85 = VREF -0.15 VREF +0.15 0.2 x VCCIO 0.8 x VCCIO = =
HSTL-18 — VREF -0.1 VREF +0.1 — VREF -0.2 VREF +0.2 0.4 VCCIO -04 8 -8
Class I

HSTL-18 — Vgree - 0.1 Vggr + 0.1 — Vgrer - 0.2 Vggr + 0.2 0.4 Veeio - 0.4 16 -16
Class IT

HSTL-15 — Vger - 0.1 Vggr + 0.1 — Vgrer - 0.2 Vggr + 0.2 0.4 Veeio - 0.4 8 -8
Class I

(19 To meet the I and Iy specifications, you must set the current strength settings accordingly. For example, to meet the SSTL15CI specification (8
mA), you should set the current strength settings to 8 mA. Setting at lower current strength may not meet the Iy and Iy specifications in the

datasheet.
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20 Differential SSTL I/0 Standards

ViLpo) (V) Vinoo) (V) ViLac) (V) Vinac) (V) VoL (V) Vou (V) lo 1
I/0 Standard lon™ (mA)

mmmmmmmm o

HSTL-15 VREF 0.1 VREF +0.1 VREF 0.2 VREF +0.2 VCCIO 04 -16
Class IT

HSTL-12 -0.15 Vrer—0.08 | VRgp+0.08 | Voo +0.15| Vrgp—0.15 | Vygg+0.15 | 0.25 X Vo | 0.75 X Vecio 8 -8
Class I

HSTL-12 -0.15 VREF -0.08 VREF + 0.08 VCCIO+ 0.15 VREF -0.15 VREF +0.15 [ 0.25 x VCCIO 0.75 x VCCIO 16 -16
Class IT

HSUL-12 — VREF -0.13 VREF +0.13 — VREF -0.22 VREF +0.22 0.1 x VCCIO 0.9 x VCCIO — —

Differential SSTL I/0 Standards

Table 17: Differential SSTL I/0 Standards for Cyclone V Devices

/0 Standard Veao (V) Vswinao) (V) Vxac) (V) Vswing(ac) (V)
- m-mmmm_m““

SSTL-2 2.375 2.625 Vecio +0.6 | Vecaro/2 -0.2 Vecio/2 Vecio + 0.6

Class I, IT +0.2

SSTL-18 1.71 1.8 1.89 0.25 Vecio + 0.6 Veaio/2 - — Vecio/2 0.5 Vecio + 0.6

Class I, II 0.175 +0.175

SSTL-15 | 1.425 1.5 1.575 0.2 20) Vecol2 - — Veao2 | 2(Vinao - | 2(Vivac) - Vier)

Class I, II 0.15 +0.15 VREF)

SSTL-135 | 1.283 | 1.35 1.45 0.18 20) Veao/2 - | Veao/2 Vecio2 | 20Vmao - | 20MViwac - Vaes)
0.15 +0.15 VREF)

19 To meet the Iy and Iy specifications, you must set the current strength settings accordingly. For example, to meet the SSTL15CI specification (8
mA), you should set the current strength settings to 8 mA. Setting at lower current strength may not meet the Iy and Iy specifications in the

datasheet.
@0 The maximum value for Vswing(nc) is not defined. However, each single-ended signal needs to be within the respective single-ended limits (Vig(pc)
and VIL(DC))'
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Vccio (V) Vswing(pe) (V) Vxac) (V) Vswing(ac) (V)

_ m-mmmm_m““
SSTL-125 1.19 1.25 1.31 20 VCCIO/2 - VCCIO/2 VCCIO/2 2(VIH(AC) Z(VIL(AC) VREF)
0.15 +0.15 VREF)

Differential HSTL and HSUL I/O Standards

Table 18: Differential HSTL and HSUL I/O Standards for Cyclone V Devices

Veeo (V) Voirpe) (V) Vxac) (V) Vemoo) (V) Voirac) (V)

1/0 Standard
mmmmm-mm-mmm
HSTL-18 | 1.71 1.89
Class I, II
HSTL-15 | 1.425 1.5 1.575 | 0.2 — 0.68 — 0.9 0.68 — 0.9 0.4 —
Class I, II
HSTL-12 1.14 1.2 1.26 0.16 VCCIO — 0.5 x — 0.4 x 0.5 x 0.6 x 0.3 VCCIO +0.48
Class I, II +0.3 VCCIO VCCIO VCCIO VCCIO
HSUL-12 | 1.14 1.2 1.3 0.26 0.26 0.5 x 0.5 x 0.5 x 0.4 x 0.5 x 0.6 x 0.44 0.44
Vecio - Vccio Vccio Veccio Vccio Vccio
0.12 +0.12

Differential I/0 Standard Specifications

Table 19: Differential I/0 Standard Specifications for Cyclone V Devices

Differential inputs are powered by Vccpp which requires 2.5 V.
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S Vecio (V) Vip (mV)@" Viemoe) (V) Vop (V)2 Vocm (V)@223)
tandar
Cvin | o [ e | i | ondion | x| | condion [ i | win | oo | e | i |t | or
PCML Transmitter, receiver, and input reference clock pins of high-speed transceivers use the PCML I/O standard. For transmitter, receiver, and
reference clock I/O pin specifications, refer to Transceiver Specifications for Cyclone V GX, GT, SX, and ST Devices table.
0.05 | Dyax< | 1.80
2.5V Vem= | 700 Mbps B
LVDS@ 2.375 2.5 2.625 | 100 125V Los Dyiax > Lss 0.247 0.6 1.125 | 1.25 1.375
700 Mbps
BLVDS®@ 2.375 2.5 2.625 | 100 — — — — — — — — — — —
(26)
RSDS 2.375 2.5 2.625 | 100 Vem = — 0.25 — 1.45 0.1 0.2 0.6 0.5 1.2 1.4
(HIO)®" 125V
Mini-LVDS | 2.375 2.5 2.625 | 200 — 600 | 0.300 — 1.425 | 0.25 — 0.6 1 1.2 1.4
(HIO)®®
060 | Dyax< | 1.80
700 Mbps
LVPECL®” — — — 300 — — — — — — — —
1.00 | Dyax> | 1.60
700 Mbps

(27)
(28)
(29

Altera Corporation

The minimum V7, value is applicable over the entire common mode range, V.

Ry range: 90 < Rp < 110 Q.

This applies to default pre-emphasis setting only.

For optimized LVDS receiver performance, the receiver voltage input range must be within 1.0 V to 1.6 V for data rate above 700 Mbps and 0.00 V to
1.85 V for data rate below 700 Mbps.

There are no fixed Vicy, Vop, and Vo specifications for BLVDS. They depend on the system topology.

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

For optimized RSDS receiver performance, the receiver voltage input range must be within 0.25V to 1.45 V.

For optimized mini-LVDS receiver performance, the receiver voltage input range must be within 0.300 V to 1.425 V.

For optimized LVPECL receiver performance, the receiver voltage input range must be within 0.85 V to 1.75 V for data rate above 700 Mbps and 0.45
V to 1.95 V for data rate below 700 Mbps.
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1/0 Standard Veaio V) Vip (mV)*" Vocm (V)@223)
andar
m-mmmmmm-mm-m
SLVS 2.375 2.625 100 Vem = 0.05 1.80
1.25V
Sub-LVDS | 2.375 2.5 2.625 100 Vem = 0.05 1.80 —
1.25V
HiSpi 2.375 2.5 2.625 100 Vem = 0.05 1.80 —
1.25V
Related Information

o AN522: Implementing Bus LVDS Interface in Supported Altera Device Families
Provides more information about BLVDS interface support in Altera devices.

« Transceiver Specifications for Cyclone V GX, GT, SX, and ST Devices on page 24
Provides the specifications for transmitter, receiver, and reference clock I/O pin.

Switching Characteristics

This section provides performance characteristics of Cyclone V core and periphery blocks.

@) The minimum Vip value is applicable over the entire common mode range, V.

(22) R range: 90 < Ry <110 Q.

%) This applies to default pre-emphasis setting only.
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Transceiver Performance Specifications

Transceiver Specifications for Cyclone V GX, GT, SX, and ST Devices

Table 20: Reference Clock Specifications for Cyclone V GX, GT, SX, and ST Devices

Transceiver Speed Grade 53 | Transceiver Speed Grade 6 Transceiver Speed Grade 7

Symbol/Description Condition Unit
N [Ie N T N = I I

Supported I/0 1.2 V PCML, 1.5 V PCML, 2.5 V PCML, Differential LVPECL®Y, HCSL, and LVDS

standards

Input frequency — 27 — 550 27 — 550 27 — 550 MHz
from REFCLK input

pins©?

Rise time Measure at +60 — — 400 — — 400 — — 400 ps

mV of differential
signal®?
Fall time Measure at 60 — — 400 — — 400 — — 400 ps
mV of differential
signal®®

Duty cycle — 45 — 55 45 — 55 45 — 55 %
Peak-to-peak — 200 — 2000 200 — 2000 200 — 2000 mV
differential input

voltage

Spread-spectrum PCle 30 — 33 30 — 33 30 — 33 kHz
modulating clock

frequency

(% Transceiver Speed Grade 5 covers specifications for Cyclone V GT and ST devices.

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

(32) The reference clock frequency must be > 307.2 MHz to be fully compliance to CPRI transmit jitter specification at 6.144 Gbps. For more information
about CPRI 6.144 Gbps, refer to the Transceiver Protocol Configurations in Cyclone V Devices chapter.

(3 REFCLK performance requires to meet transmitter REFCLK phase noise specification.
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Transceiver Speed Grade 5% | Transceiver Speed Grade 6 Transceiver Speed Grade 7

0 ) O 3 N N T B B B

Spread-spectrum PCle 0to - — 0to - — 0to - — —
downspread 0.5% 0.5% 0.5%
On-chip termination — — 100 — — 100 — — 100 — Q
resistors
Vicm (AC coupled) — Veee_gxar supply®e? Vece_xsL Supply Vece_gxsL Supply \
Viem (DC coupled) | HCSLI/O standard | 250 — 550 250 — 550 250 — 550 mV
for the PCle
reference clock
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
RRgr — — 2000 — — 2000 — — 2000 — Q
+1% +1% +1%

(9 Transceiver Speed Grade 5 covers specifications for Cyclone V GT and ST devices.

(34 Altera recommends increasing the Vcg gxpr and Vecr, gxpr typical value from 1.1 V to 1.2 V for Cyclone V GT and ST FPGA systems which
require full compliance to the PCle Gen2 transmit jitter specification. For more information about the maximum full duplex channels recommended
in Cyclone V GT and ST devices under this condition, refer to the Transceiver Protocol Configurations in Cyclone V Devices chapter.

(35 Altera recommends increasing the Vcg gxpr and Veer, gxpr typical value from 1.1 V to 1.2 V for full compliance to CPRI transmit jitter
specification at 4.9152 Gbps ( Cyclone V GT and ST devices) and 6.144 Gbps ( Cyclone V GT and ST devices only). For more information about the
maximum full duplex channels recommended in Cyclone V GT and ST devices for CPRI 6.144 Gbps, refer to the Transceiver Protocol Configurations
in Cyclone V Devices chapter.

(36) The transmitter REFCLK phase jitter is 30 ps p-p at bit error rate (BER) 10712,
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Table 21: Transceiver Clocks Specifications for Cyclone V GX, GT, SX, and ST Devices

Transceiver Speed Grade 559 | Transceiver Speed Grade 6 Transceiver Speed Grade 7

TR | e T [ e [ [ e [ e [ i [ o [ e
— 125 — — 125 — — 125 —

fixedcl k clock PCle Receiver MHz
frequency Detec