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1. Arria® V GX, GT, SX, and ST Device Datasheet

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

Arria V devices are offered in commercial and industrial grades. Commercial devices are offered in —-C4 (fastest), -C5, and -
C6 speed grades. Industrial grade devices are offered in the -I3 and -I5 speed grades.
Related Information

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

1.1. Electrical Characteristics

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

1.1.1. Operating Conditions

Arria V devices are rated according to a set of defined parameters. To maintain the highest possible performance and
reliability of the Arria V devices, you must consider the operating requirements described in this section.

1.1.1.1. Absolute Maximum Ratings

Caution:

This section defines the maximum operating conditions for Arria 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.

Conditions outside the range listed in the following table 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.

© Altera Corporation. Altera, the Altera logo, the ‘a’ logo, and other Altera marks are trademarks of Altera Corporation. Altera reserves the right to make changes to any products
and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any information, product, or service described herein
except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device specifications before relying on any published information
and before placing orders for products or services.

*QOther names and brands may be claimed as the property of others.
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Table 1. Absolute Maximum Ratings for Arria V Devices
Symbol Description Minimum Maximum Unit
Vee Core voltage power supply -0.50 1.43 \%
Veep Periphery circuitry, PCI Express* (PCle*) hard IP block, and transceiver physical -0.50 1.43 V
coding sublayer (PCS) power supply
Veepam Configuration pins power supply -0.50 3.90 \%
Ve aux Auxiliary supply -0.50 3.25 \Y,
Veegat Battery back-up power supply for design security volatile key register -0.50 3.90 \%
Vcerd I/O pre-driver power supply -0.50 3.90 \%
Vccio I/0O power supply -0.50 3.90 \%
Veep FrLL Phase-locked loop (PLL) digital power supply -0.50 1.80 Vv
Veea_ FriL PLL analog power supply -0.50 3.25 \
Vcea_cxs Transceiver high voltage power -0.50 3.25 \%
VeeH_Gxs Transmitter output buffer power -0.50 1.80 \%
Vcer_Gxs Receiver power -0.50 1.50 \%
Veer_exB Transmitter power -0.50 1.50 \%
Vel exs Transceiver clock network power -0.50 1.50 \%
Vi DC input voltage -0.50 3.80 \%
Vee Hps HPS core voltage and periphery circuitry power supply -0.50 1.43 Vv
Vcepp_Hps HPS I/0 pre-driver power supply -0.50 3.90 \%
Vceio_Hes HPS I/0O power supply -0.50 3.90 \%
VCCRSTCLK_HPS HPS reset and clock input pins power supply -0.50 3.90 \%
VeepLL Hps HPS PLL analog power supply -0.50 3.25 Vv
Ve AUX SHARED HPS auxiliary power supply -0.50 3.25 \%
— continued...
D Send Feedback Arria V Device Datasheet
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Symbol Description Minimum Maximum Unit
Tout DC output current per pin -25 40 mA
T Operating junction temperature -55 125 °C
Tste Storage temperature (no bias) -65 150 °C

1.1.1.2. 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 Arria V Devices
This table lists the maximum allowed input overshoot voltage and the duration of the overshoot voltage as a percentage of device lifetime.

Symbol Description Condition (V) Overshoot Duration as % of High Time Unit

Vi (AC) AC input voltage 3.8 100 %
3.85 68 %

3.9 45 %

3.95 28 %

4 15 %

4.05 13 %

4.1 11 %

4.15 9 %

4.2 8 %

4.25 7 %

4.3 5.4 %

continued...
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Symbol

Description

Condition (V) Overshoot Duration as % of High Time Unit
4.35 3.2 %
4.4 1.9 %
4.45 1.1 %
4.5 0.6 %
4.55 0.4 %
4.6 0.2 %

For an overshoot of 3.8 V, the percentage of high time for the overshoot can be as high as 100% over a 10-year period.
Percentage of high time is calculated as ([delta T]/T) x 100. This 10-year period assumes that the device is always turned on
with 100% I/0 toggle rate and 50% duty cycle signal.

Figure 1. Arria V Devices Overshoot Duration

1.1.1.3. Recommended Operating Conditions

A4

This section lists the functional operation limits for the AC and DC parameters for Arria V devices.

D Send Feedback

Arria V Device Datasheet

7



1. Arria® V GX, GT, SX, and ST Device Datasheet
q terd AV-51002 | 2019.04.26

1.1.1.3.1. Recommended Operating Conditions

Table 3. Recommended Operating Conditions for Arria V Devices
This table lists the steady-state voltage values expected from Arria V devices. Power supply ramps must all be strictly monotonic, without plateaus.
Symbol Description Condition Minimum(1) Typical Maximum(1) Unit

Ve Core voltage power supply -C4, -15, -C5, -C6 1.07 1.1 1.13 \%
-13 1.12 1.15 1.18 \Y

Veep Periphery circuitry, PCle hard IP block, and -C4, -15, -C5, -C6 1.07 1.1 1.13 v

transceiver PCS power supply

-13 1.12 1.15 1.18 \%

VceraM Configuration pins power supply 3.3V 3.135 3.3 3.465 \Y
3.0V 2.85 3.0 3.15 \Y

25V 2.375 2.5 2.625 \Y

1.8V 1.71 1.8 1.89 \%

Vee aux Auxiliary supply — 2.375 2.5 2.625 \%
Veepar® Battery back-up power supply — 1.2 — 3.0 \%

(For design security volatile key register)

Veerp®) 1/0 pre-driver power supply 3.3V 3.135 3.3 3.465 Vv
3.0V 2.85 3.0 3.15 \Y

2.5V 2.375 2.5 2.625 \Y

Vccio I/0 buffers power supply 3.3V 3.135 3.3 3.465 Y

continued...

(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.

(2) If you do not use the design security feature in Arria V devices, connect Vccgar to a 1.5-V, 2.5-V, or 3.0-V power supply. Arria V
power-on reset (POR) circuitry monitors Vccgar. Arria V devices do not exit POR if Vccgar is not powered up.

(3) Veepp must be 2.5 V when Vo is 2.5, 1.8, 1.5, 1.35, 1.25, or 1.2 V. Vcepp must be 3.0 V when Veepo is 3.0 V. Veepp must be 3.3 V
when VCCIO is 3.3 V.

Arria V Device Datasheet C] Send Feedback
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Symbol Description Condition Minimum(1) Typical Maximum(1) Unit
3.0V 2.85 3.0 3.15 Vv
25V 2.375 2.5 2.625 \Y
1.8V 1.71 1.8 1.89 \Y,
1.5V 1.425 1.5 1.575 \'%
1.35V 1.283 1.35 1.418 \'%
1.25V 1.19 1.25 1.31 \Y,
1.2V 1.14 1.2 1.26 \Y,
Vcep FeLL PLL digital voltage regulator power supply — 1.425 1.5 1.575 \'%
Veea FriL PLL analog voltage regulator power supply — 2.375 2.5 2.625 \Y
Vi DC input voltage — -0.5 — 3.6 \
Vo Output voltage - 0 - Vcero \
T Operating junction temperature Commercial 0 — 85 °C
Industrial -40 — 100 °C
tramp®) Power supply ramp time Standard POR 200 ps — 100 ms —
Fast POR 200 ps — 4 ms —

(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.

(4) This is also applicable to HPS power supply. For HPS power supply, refer to tpawp specifications for standard POR when HPS PORSEL
= 0 and tramp specifications for fast POR when HPS PORSEL = 1.

D Send Feedback Arria V Device Datasheet
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1.1.1.3.2. Transceiver Power Supply Operating Conditions

Table 4. Transceiver Power Supply Operating Conditions for Arria V Devices
Symbol Description Minimum(5) Typical Maximum(5) Unit

Veea_cxeL Transceiver high voltage power (left side) 2.375 2.500 2.625 \Y
Vcea GxBR Transceiver high voltage power (right side)
Vcer_GXBL GX and SX speed grades—receiver power (left side) 1.08/1.12 1.1/1.15() 1.14/1.18 Vv
Vcer_Gxer GX and SX speed grades—receiver power (right side)
Veer_exeL GT and ST speed grades—receiver power (left side) 1.17 1.20 1.23 \Y,
VCcer_GxBR GT and ST speed grades—receiver power (right side)
Veer GxBL GX and SX speed grades—transmitter power (left side) 1.08/1.12 1.1/1.15() 1.14/1.18 Vv
Veer_exer GX and SX speed grades—transmitter power (right side)
Veer_exsL GT and ST speed grades—transmitter power (left side) 1.17 1.20 1.23 \Y
Vet _6xer GT and ST speed grades—transmitter power (right side)
VceH_GxBL Transmitter output buffer power (left side) 1.425 1.500 1.575 \
VceH_GxBR Transmitter output buffer power (right side)
Veer_GxL GX and SX speed grades—clock network power (left side) 1.08/1.12 1.1/1.15() 1.14/1.18 \%
Vel Gxer GX and SX speed grades—clock network power (right side)
Vel exeL GT and ST speed grades—clock network power (left side) 1.17 1.20 1.23 \%
Veel_Gxer GT and ST speed grades—clock network power (right side)

(5) 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.

(6) For data rate <=3.2 Gbps, connect Vccr_axaL/r: VecT 6xeL/R, OF Veol Gxaly/r to either 1.1-V or 1.15-V power supply. For data rate >3.2
Gbps, connect Vcer_exai/r: VeeT exaL/r: OF Veel_exai/r t0 @ 1.15-V power supply. For details, refer to the Arria V GT, GX, ST, and SX
Device Family Pin Connection Guidelines.

Arria V Device Datasheet C] Send Feedback
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Related Information

Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines
Provides more information about the power supply connection for different data rates.

1.1.1.3.3. HPS Power Supply Operating Conditions

Table 5. HPS Power Supply Operating Conditions for Arria V SX and ST Devices

This table lists the steady-state voltage and current values expected from Arria 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 Arria V Devices table for the steady-state
voltage values expected from the FPGA portion of the Arria V SoC devices.

Symbol Description Condition Minimum(7) Typical Maximum(?) Unit
Ve Hps HPS core -C4, -15, -C5, -C6 1.07 1.1 1.13 Y
voltage and
periphery -13 1.12 1.15 1.18 \%
circuitry
power
supply
VcchinS (® HPS I/O pre- 3.3V 3.135 3.3 3.465 \%
driver power
supply 3.0V 2.85 3.0 3.15 \%
2.5V 2.375 2.5 2.625 \Y,
Vecio_Hps HPS I/0 3.3V 3.135 3.3 3.465 \Y,
buffers
power 3.0V 2.85 3.0 3.15 \
suppl
PPy 2.5V 2.375 2.5 2.625 \Y
1.8V 1.71 1.8 1.89 \Y,
1.5Vv 1.425 1.5 1.575 \%
1.35Vv ) 1.283 1.35 1.418 \%
continued...

(7) 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.

(® VCCPD_HPS must be 2.5 V when VCCIO_HPS is2.5,1.8, 1.5, or1.2 V. VCCPD_HPS must be 3.0 V when VCCIO_HPS is 3.0 V. VCCPD_HPS must be
3.3 V when VCCIO_HPS is 3.3 V.

D Send Feedback Arria V Device Datasheet
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Symbol Description Condition Minimum(7) Typical Maximum(7) Unit
1.2V 1.14 1.2 1.26 \
VCCRSTCLK_HPS HPdS rlesit 3.3V 3.135 3.3 3.465 \
and cloc
input pins 3.0V 2.85 3.0 3.15 \
power
supply 2.5V 2.375 2.5 2.625 \Y
1.8V 1.71 1.8 1.89 \
VeepLL Hps HPSI PLL - 2.375 2.5 2.625 Vv
analog
voltage
regulator
power
supply
VCC_AUX_SHARED HPS auxiliary — 2.375 2.5 2.625 \
power
supply

Related Information

Recommended Operating Conditions on page 8
Provides the steady-state voltage values for the FPGA portion of the device.

1.1.1.4. DC Characteristics

1.1.1.4.1. Supply Current and Power Consumption

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

(7) 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.

) Veero_mps 1.35 V is supported for HPS row I/0 bank only.

Arria V Device Datasheet C] Send Feedback
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The Intel Quartus Prime Power Analyzer provides better quality estimates based on the specifics of the design after you
complete place-and-route. The 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

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

e Power Analysis chapter, Intel Quartus Prime Handbook
Provides more information about power estimation tools.

1.1.1.4.2. I/0 Pin Leakage Current

Table 6. I/0 Pin Leakage Current for Arria V Devices

Symbol Description Condition Min Typ Max Unit
I Input pin Vi = 0 V to Veciomax -30 - 30 HA
Ioz Tri-stated I/O pin Vo = 0 V to Vccromax -30 — 30 WA

1.1.1.4.3. Bus Hold Specifications

Table 7. Bus Hold Parameters for Arria V Devices
The bus-hold trip points are based on calculated input voltages from the JEDEC* standard.
Parameter Symbol Condition Vecro (V) Unit
1.2 1.5 1.8 2.5 3.0 3.3
Min Max Min Max Min Max Min Max Min Max Min Max
Bus-hold, low, IsusL Vin > Vi 8 — 12 — 30 — 50 — 70 — 70 — A
sustaining (max)
current
Bus-hold, high, IsusH Vin < VI -8 — -12 — -30 — -50 — -70 — -70 — HA
sustaining (min)
current
continued...
D Send Feedback Arria V Device Datasheet
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Parameter Symbol Condition Vecro (V) Unit
1.2 1.5 1.8 2.5 3.0 3.3
Min Max Min Max Min Max Min Max Min Max Min Max

Bus-hold, low, TobL 0V <Vpy< — 125 — 175 — 200 — 300 — 500 — 500 HA
overdrive current Veecio
Bus-hold, high, TobH 0V <V — -125 — -175 — -200 — -300 — -500 — -500 HA
overdrive current <Vccio
Bus-hold trip V1rIp . 0.3 0.9 0.375 1.125 0.68 1.07 0.7 1.7 0.8 2 0.8 2 \Y
point

1.1.1.4.4. 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 Arria V Devices
Calibration accuracy for the calibrated on-chip series termination (Rs 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.
Symbol Description Condition (V) Calibration Accuracy Unit
-13, -C4 -15, -C5 -C6
25-Q Rg Internal series termination with Vcero = 3.0, 2.5, 1.8, 1.5, +15 +15 +15 %
calibration (25-Q setting) 1.2
50-Q Rg Internal series termination with Veero = 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 Veeo = 1.5, 1.35, 1.25, 1.2 +15 +15 +15 %
calibration (34-Q and 40-Q setting)
48-Q, 60-Q, and 80-Q Rg Internal series termination with Vecio = 1.2 +15 +15 +15 %
calibration (48-Q, 60-Q, and 80-Q
setting)
50-Q Ry Internal parallel termination with Vcecro = 2.5, 1.8, 1.5, 1.2 -10 to +40 -10 to +40 -10 to +40 %
calibration (50-Q setting)
continued...
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Symbol Description Condition (V) Calibration Accuracy Unit
-13, -C4 -15, -C5 -Cé6

20-Q, 30-Q, 40-Q,60-Q, and | Internal parallel termination with Vccro = 1.5, 1.35, 1.25 -10 to +40 -10 to +40 -10 to +40 %

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

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

25-Q Rg_jeft_shift Internal left shift series termination Veero = 3.0, 2.5, 1.8, 1.5, +15 +15 +15 %
with calibration (25-Q Rs_jeft_shift 1.2
setting)

1.1.1.4.5. OCT Without Calibration Resistance Tolerance Specifications

Table 9. OCT Without Calibration Resistance Tolerance Specifications for Arria V Devices

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

Symbol Description Condition (V) Resistance Tolerance Unit
-13, -C4 -I5, -C5 -C6
25-Q Rg Internal series termination without Vccro = 3.0, 2.5 +30 +40 +40 %
calibration (25-Q setting)
25-Q Rg Internal series termination without Veero = 1.8, 1.5 +30 +40 +40 %
calibration (25-Q setting)
25-Q Rg Internal series termination without Veero = 1.2 +35 +50 +50 %
calibration (25-Q setting)
50-Q Rg Internal series termination without Veeio = 3.0, 2.5 +30 +40 +40 %
calibration (50-Q setting)
50-Q Rg Internal series termination without Vecio = 1.8, 1.5 +30 +40 +40 %
calibration (50-Q setting)
50-Q Rg Internal series termination without Veero = 1.2 +35 +50 +50 %
calibration (50-Q setting)
100-Q Rp Internal differential termination (100-Q Veero = 2.5 +25 +40 +40 %
setting)
D Send Feedback Arria V Device Datasheet
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Figure 2. Equation for OCT Variation Without Recalibration

dR dR

The definitions for the equation are as follows:

The Rpct value calculated shows the range of OCT resistance with the variation of temperature and V¢cio.
RscaL 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 Vccio at power up.

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

dR/dV is the percentage change of Rgca With voltage.

1.1.1.4.6. OCT Variation after Power-Up Calibration

Table 10. OCT Variation after Power-Up Calibration for Arria V Devices

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

Symbol Description Vccero (V) Value Unit

dR/dV OCT variation with voltage without recalibration 3.0 0.100 %/mV
2.5 0.100
1.8 0.100
1.5 0.100
1.35 0.150
1.25 0.150
1.2 0.150

dR/dT OCT variation with temperature without recalibration 3.0 0.189 %/°C
2.5 0.208

continued...
Arria V Device Datasheet C] send Feedback

16



1. Arria® V GX, GT, SX, and ST Device Datasheet

AV-51002 | 2019.04.26

altera.

Symbol Description Vecio (V) Value Unit
1.8 0.266
1.5 0.273
1.35 0.200
1.25 0.200
1.2 0.317
1.1.1.4.7. Pin Capacitance
Table 11. Pin Capacitance for Arria V Devices
Symbol Description Maximum Unit
Ciots Input capacitance on top/bottom I/0 pins 6 pF
Ciolr Input capacitance on left/right I/O pins 6 pF
Coutrs Input capacitance on dual-purpose clock output/feedback pins 6 pF
CIOVREF Input capacitance on Vggg pins 48 pF
1.1.1.4.8. Hot Socketing
Table 12. Hot Socketing Specifications for Arria V Devices
Symbol Maximum Unit
Liopin (D) DC current per I/0 pin 300 A
LiopIN (AC) AC current per I/0 pin 8(10) 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

(10) The I/O ramp rate is 10 ns or
dv/dt is the slew rate.

D Send Feedback

more. For ramp rates faster than 10 ns, |Ijopin] = C dv/dt, in which C is the I/O pin capacitance and
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1.1.1.4.9. Internal Weak Pull-Up Resistor
All I/0 pins, except configuration, test, and JTAG pins, have an option to enable weak pull-up.

Table 13. Internal Weak Pull-Up Resistor Values for Arria V Devices

Symbol Description Condition (V)(11) Value(12) Unit

Rpy Value of the I/O pin pull-up resistor before and during configuration, as well | Vccio = 3.3 £5% 25 kQ
as user mode if you have enabled the programmable pull-up resistor

option. Vecio = 3.0 £5% 25 kQ

Veero = 2.5 £5% 25 kQ

Veero = 1.8 £5% 25 kQ

Veeo = 1.5 £5% 25 kQ

Vecro = 1.35 £5% 25 kQ

Veero = 1.25 £5% 25 kQ

Veero = 1.2 £5% 25 kQ

Related Information

Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines
Provides more information about the pins that support internal weak pull-up and internal weak pull-down features.

1.1.1.5. I/0 Standard Specifications

Tables in this section list the input voltage (Viy and Vy.), output voltage (Von and Vo), and current drive characteristics (Igy
and Ip,) for various I/O standards supported by Arria V devices.

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

(11) pin pull-up resistance values may be lower if an external source drives the pin higher than Vccio.

(12) valid with £10% tolerances to cover changes over PVT.

Arria V Device Datasheet C] Send Feedback
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1.1.1.5.1. Single-Ended I/0 Standards

Table 14. Single-Ended I/0 Standards for Arria V Devices

I/0 standard Veero (V) Vi (V) Vin (V) Vo (V) Von (V) Io (13 Ion(1®)
(mA) (mA)
Min Typ Max Min Max Min Max Max Min
3.3-V LVTTL 3.135 3.3 3.465 -0.3 0.8 1.7 3.6 0.45 2.4 4 -4
3.3-V LVCMOS 3.135 3.3 3.465 -0.3 0.8 1.7 3.6 0.2 Veeio - 0.2 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
3.0-V LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.2 Veero - 0.2 0.1 -0.1
3.0-V PCI* 2.85 3 3.15 - 0.3 x Veero 0.5 % Veero Veero + 0.3 0.1 x Veeo 0.9 % Veero 1.5 -0.5
3.0-V PCI-X 2.85 3 3.15 — 0.35 x Vccio 0.5 X Vecio Veero + 0.3 0.1 X Vecio 0.9 x Vccio 1.5 -0.5
2.5V 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 1.89 -0.3 0.35 x Veco | 0.65 X Veero | Veco + 0.3 0.45 Veeo - 0.45 2 -2
1.5V 1.425 1.5 1.575 -0.3 0.35 x Veco | 0.65 x Veao | Veao + 0.3 | 0.25 x Veeo | 0.75 X Veero 2 -2
1.2V 1.14 1.2 1.26 -0.3 0.35 x Vccio 0.65 x Vccio Veero + 0.3 0.25 x Vccio 0.75 X Vccio 2 -2

1.1.1.5.2. Single-Ended SSTL, HSTL, and HSUL I/0 Reference Voltage Specifications

Table 15. Single-Ended SSTL, HSTL, and HSUL I/0 Reference Voltage Specifications for Arria V Devices

I/0 Standard Vecro ) Vrer (V) Vi1 (V)
Min Typ Max Min Typ Max Min Typ Max
SSTL-2 Class I, 2.375 2.5 2.625 0.49 x Veero 0.5 x Veero 0.51 x Veeo Vper - 0.04 Vier Vger + 0.04
II
SSTL-18 Class I, 1.71 1.8 1.89 0.833 0.9 0.969 Vgrer - 0.04 VRer Vgree + 0.04
II
continued...

(13) To meet the I and Igy 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 Ig_
and Ipy specifications in the datasheet.
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I/0 Standard Vccero (V) Vger (V) Vit (V)
Min Typ Max Min Typ Max Min Typ Max

ISISTL-15 Class I, 1.425 1.5 1.575 0.49 x Vccio 0.5 x Vceio 0.51 x Vecio 0.49 x Vccio 0.5 x Vceio 0.51 x Vecio
ISSI'II'L-135 Class 1.283 1.35 1.418 0.49 x Vecio 0.5 x Vcero 0.51 x Vecio 0.49 x Vccio 0.5 x Vcero 0.51 x Vecro
ic,sITIL-lzs Class 1.19 1.25 1.26 0.49 x Vcco 0.5 X Vccio 0.51 x Vo 0.49 x Vcco 0.5 X Vccio 0.51 x Vo
;—|ISTL—18 Class I, 1.71 1.8 1.89 0.85 0.9 0.95 - Veero/2 —
II-|ISTL-15 Class I, 1.425 1.5 1.575 0.68 0.75 0.9 - Veero/2 —
II-IISTL-12 Class I, 1.14 1.2 1.26 0.47 x Vecio 0.5 x Vcero 0.53 x Vecio - Veero/2 —
HSUL-12 1.14 1.2 1.3 0.49 X Veero 0.5 X Vccio 0.51 x Vo - - -

1.1.1.5.3. Single-Ended SSTL, HSTL, and HSUL I/0 Standards Signal Specifications

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

I/0 Standard ViLoey (V) Vin(pc) (V) ViLacy (V) Vinac) (V) VoL (V) Vou (V) Io (*9 Ioy(*®
(mA) (mA)
Min Max Min Max Max Min Max Min
SSTL-2 Class I -0.3 Vgrer - 0.15 Vger + 0.15 Veeco + 0.3 Vgrer - 0.31 Vrer + 0.31 Vi1 - 0.608 Vit + 0.608 8.1 -8.1
SSTL-2 Class -0.3 Vgee - 0.15 Vger + 0.15 Vecio + 0.3 Vger - 0.31 Vgee + 0.31 V1 - 0.81 Vit + 0.81 16.2 -16.2
II
SSTL-18 Class -0.3 Vgrer — 0.125 Vgreg + 0.125 Vecio + 0.3 Vgrer - 0.25 Vger + 0.25 Vit - 0.603 Vit + 0.603 6.7 -6.7
I
continued...

(14) 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 Ig_
and Ipy specifications in the datasheet.
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I/0 standard Viocy (V) Vin(oc) (V) Viac) (V) Vincac) (V) Vo (V) Von (V) Io (19 Ion(®

(mA) (mA)
Min Max Min Max Max Min Max Min

SSTL-18 Class -0.3 Vger - 0.125 Vrer + 0.125 Vcero + 0.3 Vrer - 0.25 Vrer + 0.25 0.28 Vcero - 0.28 13.4 -13.4

11

SSTL-15 Class - Veer - 0.1 Vegr + 0.1 - Vegr - 0.175 | Vegr + 0.175 | 0.2 x Veco 0.8 x Veco 8 -8

I

SSTL-15 Class - Vger - 0.1 Vger + 0.1 - Vger - 0.175 Vger + 0.175 0.2 x Vecio 0.8 x Vccio 16 -16

II

SSTL-135 — Vrer — 0.09 Vgrer + 0.09 — Vgrer — 0.16 Vgrer + 0.16 0.2 X Vecio 0.8 x Vccio — —

SSTL-125 - Vegr - 0.85 Veer + 0.85 - Vegr - 0.15 Veer + 0.15 0.2 x Veco 0.8 x Veco - -

HSTL-18 Class - Vegr - 0.1 Vegr + 0.1 - Vier - 0.2 Vier + 0.2 0.4 Veco - 0.4 8 -8

I

HSTL-18 Class - Vger - 0.1 Vger + 0.1 - Vger = 0.2 Vger + 0.2 0.4 Vecro - 0.4 16 -16

II

HSTL-15 Class —_ Vgrer — 0.1 Vgrer + 0.1 —_ Vgrer — 0.2 Vgrer + 0.2 0.4 Veero - 0.4 8 -8

I

HSTL-15 Class —_ Vgrer - 0.1 Vger + 0.1 —_ Vgrer - 0.2 Vger + 0.2 0.4 VCCIO -0.4 16 -16

11

HSTL-12 Class | -0.15 Vegr - 0.08 Vegr + 0.08 | Vo + 0.15 | Vagr - 0.15 Vegr + 0.15 | 0.25 x Veeo | 0.75 x Vearo 8 -8

I

HSTL-12 Class -0.15 Vger - 0.08 Vger + 0.08 Vecro+ 0.15 Vger - 0.15 Vger + 0.15 0.25 x Vccio 0.75 x Vccio 16 -16

II

HSUL-12 — Vgrer — 0.13 Vgrer + 0.13 — Vger — 0.22 Vgrer + 0.22 0.1 X Vecio 0.9 x Vccio — —

(1) To meet the I, and Igy 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 Ig_
and Ipy specifications in the datasheet.
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Table 17. Differential SSTL I/0 Standards for Arria V Devices
I/0 Standard Vecro (V) Vswing(pc) (V) Vx(acy (V) Vswing(ac) (V)
Min Typ Max Min Max Min Typ Max Min Max
SSTL-2 Class I, 2.375 2.5 2.625 0.3 Vecio + 0.6 Veao/2 - 0.2 — Veao/2 + 0.2 0.62 Veero + 0.6
II
SSTL-18 Class 1.71 1.8 1.89 0.25 Vecio + 0.6 Vccio/2 - — Vecio/2 + 0.5 Vccio + 0.6
I, 11 0.175 0.175
SSTL-15 Class 1.425 1.5 1.575 0.2 (15) VCCIO/Z -0.15 — VCCIO/Z + 0.15 Z(VIH(AC) - 2(VIL(AC) -
L1 VREeF) VRer)
SSTL-135 1.283 1.35 1.45 0.18 (15) Veero/2 - 0.15 Veero/2 Vecro/2 + 0.15 2(Vinac) - 2(ViLgacy -
VRer) VReF)
SSTL-125 1.19 1.25 1.31 0.18 (15) Vearo/2 - 0.15 Veero/2 Vecro/2 + 0.15 2(Vingac) - 2(ViL(acy -
VRrer) VRer)
1.1.1.5.5. Differential HSTL and HSUL I/0 Standards
Table 18. Differential HSTL and HSUL I/0 Standards for Arria V Devices
I/0 Standard Vccero (V) Vbrr(pc) (V) Vx(ac) (V) Vemoe) (V) Vbir(ac) (V)
Min Typ Max Min Max Min Typ Max Min Typ Max Min Max
HSTL-18 Class 1.71 1.8 1.89 0.2 — 0.78 — 1.12 0.78 — 1.12 0.4 —
I, 11
HSTL-15 Class | 1.425 1.5 1.575 0.2 - 0.68 - 0.9 0.68 - 0.9 0.4 -
I, 1I
HSTL-12 Class 1.14 1.2 1.26 0.16 Vecio + 0.3 - 0.5 x Vccio - 0.4 x Vecro | 0.5 X Vecio | 0.6 X Vecio 0.3 Veeo +
I, I 0.48
HSUL-12 1.14 1.2 1.3 0.26 0.26 0.5 x VCCIO 0.5 x VCCIO 0.5 x VCCIO 0.4 x VCCIO 0.5 x VCCIO 0.6 x VCCIO 0.44 0.44
-0.12 + 0.12

limits (VIH(DC) and VIL(DC))'

Arria V Device Datasheet
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1.1.1.5.6. Differential I/0 Standard Specifications

Table 19. Differential I/0 Standard Specifications for Arria V Devices

Differential inputs are powered by Vccpp Which requires 2.5 V.

I/0 standard Vecro (V) Vip (mV)(16) Viem(pe) (V) Vop (V)17 Vocm (V)(17)(18)
Min | Typ | Max Min Condition Max Min Condition Max Min | Typ | Max Min | Typ | Max
PCML Transmitter, receiver, and input reference clock pins of high-speed transceivers use the PCML I/0 standard. For transmitter, receiver, and reference clock
I/0 pin specifications, refer to Transceiver Specifications for Arria VV GX and SX Devices and Transceiver Specifications for Arria V GT and ST Devices
tables.
2.5V LvDS(19) 2.375 2.5 2.625 100 Vem = 1.25 - 0.05 Dmax < 1.25 1.80 0.247 — 0.6 1.125 1.25 1.375
\% Gbps
— 1.05 | Dmax > 1.25| 1.55
Gbps
RSDS (HIO)(20) 2.375 2.5 2.625 100 Vem = 1.25 — 0.25 — 1.45 0.1 0.2 0.6 0.5 1.2 1.4

continued...

(18) The minimum Vjp value is applicable over the entire common mode range, Vcu.
(17) R, range: 90 < R <110 Q.
(18) This applies to default pre-emphasis setting only.

(19) For optimized LVDS receiver performance, the receiver voltage input range must be within 1.0 V to 1.6 V for data rates above 1.25
Gbps and 0 V to 1.85 V for data rates below 1.25 Gbps.

(20) For optimized RSDS receiver performance, the receiver voltage input range must be within 0.25 V to 1.45 V.
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I/0 standard Vecio (V) Vip (mV)(16) Viem(oc) (V) Vop (V)17 Vocm (V)(17)18)
Min Typ Max Min Condition Max Min Condition Max Min Typ Max Min Typ Max

Mini-LVDS (HIO) 2.375 2.5 2.625 200 — 600 0.300 — 1.425 0.25 — 0.6 1 1.2 1.4
(21)
LVPECL(22) — — — 300 — — 0.60 Dmax < 700 1.80 — — — — — —

Mbps

1.00 Dmax > 700 1.60
Mbps

Related Information

e Transceiver Specifications for Arria V GX and SX Devices on page 25

Provides the specifications for transmitter, receiver, and reference clock I/0 pin.

e Transceiver Specifications for Arria V GT and ST Devices on page 30

Provides the specifications for transmitter, receiver, and reference clock I/0 pin.

1.2. Switching Characteristics

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

(16)

(17) R range: 90 < R < 110 Q.
(18) This applies to default pre-emphasis setting only.

(21)

(22)

Arria V Device Datasheet
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The minimum V;p value is applicable over the entire common mode range, Vcu.

For optimized Mini-LVDS receiver performance, the receiver voltage input range must be within 0.3 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 rates above
700 Mbps and 0.45 V to 1.95 V for data rates below 700 Mbps.
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1.2.1. Transceiver Performance Specifications

1.2.1.1. Transceiver Specifications for Arria V GX and SX Devices

altera.

Table 20. Reference Clock Specifications for Arria V GX and SX Devices
Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Supported I/O standards 1.2 V PCML, 1.4 V PCML,1.5 V PCML, 2.5 V PCML, Differential LVPECL(23), HCSL, and LVDS
Input frequency from REFCLK - 27 — 710 27 — 710 MHz
input pins
Rise time Measure at £60 mV of — — 400 — — 400 ps
differential signal(24)
Fall time Measure at £60 mV of — — 400 — — 400 ps
differential signal(®)
Duty cycle — 45 — 55 45 — 55 %
Peak-to-peak differential input - 200 — 300(25)/ 200 — 300(25)/ mV
voltage 2000 2000
Spread-spectrum modulating clock PCIe 30 - 33 30 - 33 kHz
frequency
Spread-spectrum downspread PCIe — 0 to -0.5% — — 0 to -0.5% — —
On-chip termination resistors — — 100 — — 100 — Q
continued...

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

table.

(24) REFCLK performance requires to meet transmitter REFCLK phase noise specification.

(25) The maximum peak-to peak differential input voltage of 300 mV is allowed for DC coupled link.
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Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Viem (AC coupled) — - 1.1/1.15(26) — - 1.1/1.15(26) - \Y
Viem (DC coupled) HCSL I/0 standard for the 250 - 550 250 - 550 mV
PCIe reference clock
Transmitter REFCLK phase 10 Hz — — -50 — — -50 dBc/Hz
noise(27)
100 Hz - — -80 - - -80 dBc/Hz
1 KHz - — -110 - - -110 dBc/Hz
10 KHz - — -120 - - -120 dBc/Hz
100 KHz - — -120 - - -120 dBc/Hz
>1 MHz — — -130 — — -130 dBc/Hz
RREF — - 2000 £1% — - 2000 £1% - Q

Table 21. Transceiver Clocks Specifications for Arria V GX and SX Devices

Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
fixedclk clock frequency PCIe Receiver Detect - 125 - - 125 - MHz
Transceiver Reconfiguration — 75 — 125 75 — 125 MHz
Controller Intel FPGA IP
(mgmt clk clk) clock frequency

(26) For data rate <3.2 Gbps, connect Vccr_gxsl/r to either 1.1-V or 1.15-V power supply. For data rate >3.2 Gbps, connect Vccr_xpi/r tO
a 1.15-V power supply. For details, refer to the Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines.

(27) The transmitter REFCLK phase jitter is 30 ps p-p at bit error rate (BER) 10-12,

Arria V Device Datasheet C] Send Feedback
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Table 22. Receiver Specifications for Arria V GX and SX Devices
Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Supported I/0 standards 1.5V PCML, 2.5V PCML, LVPECL, and LVDS
Data rate(28) — 611 — 6553.6 611 — 3125 Mbps
Absolute Vyax for a receiver pin(29) — — — 1.2 — — 1.2 \Y
Absolute Vypy for a receiver pin — -0.4 — — -0.4 — — \%
Maximum peak-to-peak differential — — — 1.6 — — 1.6 \%
input voltage Vip (diff p-p) before
device configuration
Maximum peak-to-peak differential — — — 2.2 — — 2.2 \%
input voltage Vip (diff p-p) after
device configuration
Minimum differential eye opening - 100 - - 100 - - mV
at the receiver serial input pins(30)
Viem (AC coupled) — — 0.7/0.75/0.8 — — 0.7/0.75/0.8 — mV
(31) (31)
Viem (DC coupled) < 3.2Gbps(32) 670 700 730 670 700 730 mv
Differential on-chip termination 85-Q setting - 85 — - 85 - Q
resistors
continued...

(28)

(29)

(30)

(31)

(32)

To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.

The device cannot tolerate prolonged operation at this absolute maximum.

The differential eye opening specification at the receiver input pins assumes that you have disabled the Receiver Equalization
feature. If you enable the Receiver Equalization feature, the receiver circuitry can tolerate a lower minimum eye opening,
depending on the equalization level.

The AC coupled Viem = 700 mV for Arria V GX and SX in PCle mode only. The AC coupled Vicm = 750 mV for Arria V GT and ST in

PCIe mode only.

For standard protocol compliance, use AC coupling.
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Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
100-Q setting - 100 — — 100 —
120-Q setting — 120 — — 120 —
150-Q setting - 150 - — 150 -
(33 - — — 10 — — 10 us
tirp( - 4 - - 4 — - us
tLTD_manuaI(35) - 4 - - 4 - - Hs
tiTR_LTD_manual®® — 15 — — 15 - _ us
Programmable ppm detector(37) — +62.5, 100, 125, 200, 250, 300, 500, and 1000 ppm
Run length - - - 200 - - 200 Ul
Programmable equalization AC and AC gain setting = 0 to 3(3®) Refer to CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC dB
DC gain DC gain setting = 0 to 1 Gain for Arria V GX, GT, SX, and ST Devices and CTLE Response at Data Rates < 3.25
Gbps across Supported AC Gain and DC Gain for Arria V GX, GT, SX, and ST Devices
diagrams.
(33)

(34)

(35)

(36)

(37)

(38)

tr is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.
tirp is time required for the receiver CDR to start recovering valid data after the rx is lockedtodata signal goes high.

tiTp_manual is the time required for the receiver CDR to start recovering valid data after the rx_is lockedtodata signal goes high
when the CDR is functioning in the manual mode.

tiTR_LTD_manual iS the time the receiver CDR must be kept in lock to reference (LTR) mode after the rx_is lockedtoref signal goes
high when the CDR is functioning in the manual mode.

The rate match FIFO supports only up to £300 parts per million (ppm).

The Intel Quartus Prime software allows AC gain setting = 3 for design with data rate between 611 Mbps and 1.25 Gbps only.
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Table 23. Transmitter Specifications for Arria V GX and SX Devices

Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Supported I/0O s