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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

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.

Caution: 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.

Intel Corporation. All rights reserved. Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries. Intel warrants performance

of its FPGA and semiconductor products to current specifications in accordance with Intel's standard warranty, but reserves the right to make changes to any

products and services at any time without notice. Intel assumes no responsibility or liability arising out of the application or use of any information, product, or ISO
service described herein except as expressly agreed to in writing by Intel. Intel customers are advised to obtain the latest version of device specifications before 9005":2015
relying on any published information and before placing orders for products or services. Registered
*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 FruL 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 \%
Tout DC output current per pin -25 40 mA
T Operating junction temperature -55 125 °C
Tstg Storage temperature (no bias) -65 150 °C

D Send Feedback
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1.1.1.2. Maximum Allowed Overshoot and Undershoot Voltage
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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 %

4.35 3.2 %

4.4 1.9 %

4.45 1.1 %

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

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

D Send Feedback Arria V Device Datasheet
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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 D Send Feedback

8



|
1. Arria® V GX, GT, SX, and ST Device Datasheet
683022 | 2019.04.26 ®

Symbol Description Condition Minimum(1) Typical Maximum(1) Unit
3.0V 2.85 3.0 3.15 \Y
2.5V 2.375 2.5 2.625 \Y
1.8V 1.71 1.8 1.89 \Y
1.5V 1.425 1.5 1.575 Vv
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 Ll PLL digital voltage regulator power supply — 1.425 1.5 1.575 Vv
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 — Vecio \%
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 tgamp specifications for standard POR when HPS PORSEL
= 0 and tramp specifications for fast POR when HPS PCRSEL = 1.

D Send Feedback Arria V Device Datasheet
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1.1.1.3.2. Transceiver Power Supply Operating Conditions
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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_Gxer 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 axaly/r to either 1.1-V or 1.15-V power supply. For data rate >3.2
Gbps, connect VCCR_GXBL/R: VCCT_GXBL/RI or VCCL_GXBL/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.

Arria V Device Datasheet
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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.

(8 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 D 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 HA

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 Viny > Vi 8 — 12 — 30 — 50 — 70 — 70 — HA
sustaining (max)
current
Bus-hold, high, IsusH Vin < VIy -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 <V < — 125 — 175 — 200 - 300 — 500 — 500 HA
overdrive current Vecio
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 Veecro = 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 Veco = 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 -I5, -C5 -C6
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 Vecio = 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 Veero = 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)
Arria V Device Datasheet
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Figure 2. Equation for OCT Variation Without Recalibration

dR dR

Rocr = Recar | 1+ |5 X AT ) £ (5 X AV
The definitions for the equation are as follows:
e The Rgoct value calculated shows the range of OCT resistance with the variation of temperature and Vccio.
e RgcaL is the OCT resistance value at power-up.
e AT is the variation of temperature with respect to the temperature at power up.
e AV is the variation of voltage with respect to the Vccio at power up.
e dR/dT is the percentage change of Rgca. With temperature.
e dR/dV is the percentage change of Rgcpa 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 D send Feedback
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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 more. For ramp rates faster than 10 ns, |I;jopin| = C dv/dt, in which C is the I/O pin capacitance and

dv/dt is the slew rate.
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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 D 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 Vecro (V) Vo (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 Vccio - 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 Vearo 0.5 x Vearo Veao + 0.3 0.1 x Veero 0.9 x Veco 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 Veao | 0.65 x Vecio | Veero + 0.3 0.25 x Veao | 0.75 x Veero 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 Vecio ) 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 Vccio 0.5 x Vccio 0.51 x Vcero Vger - 0.04 VRer Vger + 0.04
II
SSTL-18 Class I, 1.71 1.8 1.89 0.833 0.9 0.969 Vgere - 0.04 VRer Vger + 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
SSTL-15 Class I, 1.425 1.5 1.575 0.49 x Vccio 0.5 X Vecio 0.51 X Vccio 0.49 x Vccio 0.5 X Vecio 0.51 X Vccio
11
SSTL-135 Class 1.283 1.35 1.418 0.49 x Vccio 0.5 x Vecio 0.51 X Vo 0.49 x Vccio 0.5 X Vecio 0.51 X Vccio
I, 1I
SSTL-125 Class 1.19 1.25 1.26 0.49 x Vccio 0.5 x Vecio 0.51 x Vcero 0.49 x Vccio 0.5 x Vecio 0.51 x Vecro
I, 1I
HSTL-18 Class I, 1.71 1.8 1.89 0.85 0.9 0.95 — Veceio/2 —
II
HSTL-15 Class I, 1.425 1.5 1.575 0.68 0.75 0.9 - Veeio/2 —
11
HSTL-12 Class I, 1.14 1.2 1.26 0.47 x Vccio 0.5 x Vecio 0.53 X Vccio — VCCIO/Z -
11
HSUL-12 1.14 1.2 1.3 0.49 x Vccio 0.5 x Vecio 0.51 x Veero — — -
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 Vioey (V) Vin(pc) (V) ViLacy (V) Vinac) (V) VoL (V) Vou (V) Io (*4 Ioy(*®
(mA) (mA)
Min Max Min Max Max Min Max Min
SSTL-2 Class 1 -0.3 Vger - 0.15 Vger + 0.15 Veero + 0.3 Vger - 0.31 Vger + 0.31 V1t - 0.608 V11 + 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 Vger + 0.125 Veero + 0.3 Vger — 0.25 Vgrer + 0.25 V1t - 0.603 V7t + 0.603 6.7 -6.7
I
SSTL-18 Class -0.3 Vier - 0.125 | Vpge + 0.125 Veero + 0.3 Vier - 0.25 Vier + 0.25 0.28 Veero - 0.28 13.4 -13.4
11
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 Vipcy (V) Vin(oc) (V) Viac) (V) Vincac) (V) VoL (V) Von (V) Io (1) Ion(9
(mA) (mA)

Min Max Min Max Max Min Max Min

SSTL-15 Class —_ Vrer - 0.1 Vger + 0.1 —_ Vger - 0.175 Vger + 0.175 0.2 x VCCIO 0.8 x VCCIO 8 -8

I

SSTL-15 Class - Vier - 0.1 Vper + 0.1 - Vegr - 0.175 | Vegr + 0.175 | 0.2 x Veco 0.8 x Veco 16 -16

II

SSTL-135 - Vger - 0.09 Vger + 0.09 - Vger - 0.16 Vger + 0.16 0.2 x Vecio 0.8 X Vccio - -

SSTL-125 — Vges - 0.85 Vger + 0.85 — Vger — 0.15 Vgrer + 0.15 0.2 X Vecio 0.8 x Vccio — —

HSTL-18 Class —_ Vrer - 0.1 Vger + 0.1 —_ Vgrer - 0.2 Vger + 0.2 0.4 VCCIO -0.4 8 -8

I

HSTL-18 Class - Vier - 0.1 Vper + 0.1 - Vper - 0.2 Vper + 0.2 0.4 Ve - 0.4 16 -16

II

HSTL-15 Class - Vger - 0.1 Vger + 0.1 - Vger - 0.2 Vger + 0.2 0.4 Vecro - 0.4 8 -8

I

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

11

HSTL-12 Class -0.15 Vgrer — 0.08 Vgrer + 0.08 Vecio + 0.15 Vgrer - 0.15 Vgrer + 0.15 0.25 X Vecio 0.75 x Vccio 8 -8

I

HSTL-12 Class | -0.15 Vier - 0.08 Vier + 0.08 Veao+ 0.15 Vegr - 0.15 Vegr + 0.15 | 0.25 x Veero | 0.75 % Veero 16 -16

II

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

(19) 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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1.1.1.5.4. Differential SSTL I/0 Standards

Table 17. Differential SSTL I/0 Standards for Arria V Devices
I/0 Standard Vecro (V) Vswine(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 VRer) 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 -
VREF) VRer)
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 -
VRer) 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) Vemoc) (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

(15) The maximum value for Vswing(pc) is not defined. However, each single-ended signal needs to be within the respective single-ended
limits (Vi(pcy and Vi (pc))-
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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 Vecio (V) Vip (mV)(16) Viem(pc) (V) Vop (V)17 Vocm (V)(27)(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/O 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...

(16) The minimum V|p value is applicable over the entire common mode range, Vcw.
(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 Vecro (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.

D Send Feedback



|
1. Arria® V GX, GT, SX, and ST Device Datasheet
683022 | 2019.04.26 ®

1.2.1. Transceiver Performance Specifications

1.2.1.1. Transceiver Specifications for Arria V GX and SX Devices

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(?4)
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
Viem (AC coupled) - — 1.1/1.15(26) - — 1.1/1.15(26) — \%
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.

(26) For data rate <3.2 Gbps, connect Vcer_cxsLyr to either 1.1-V or 1.15-V power supply. For data rate >3.2 Gbps, connect Vcer_gxsi/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.
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Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Vicm (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
Rrer — — 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
fi xedcl k clock frequency PCIe Receiver Detect - 125 - - 125 - MHz
Transceiver Reconfiguration — 75 — 125 75 — 125 MHz
Controller Intel FPGA IP
(mgnt _cl k_cl k) clock frequency
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, 2.5 V PCML, LVPECL, and LVDS
Data rate(28) — 611 | - | 6553.6 611 | — | 3125 Mbps
continued...

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

(28) To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.
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Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Absolute Vyax for a receiver pin(29) — — — 1.2 — — 1.2 \%
Absolute Vyy for a receiver pin — -0.4 — — -0.4 — — \Y
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(39)
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
100-Q setting — 100 — — 100 — Q
120-Q setting — 120 — — 120 — Q
150-Q setting — 150 — — 150 — Q
continued...

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

(30) 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.

(31) The AC coupled Vicm = 700 mV for Arria V GX and SX in PCIe mode only. The AC coupled Vicy = 750 mV for Arria V GT and ST in

PCIe mode only.

(32) 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

tir(33) — — — 10 — - 10 us
oY - 4 - - 4 - - us
trp_manual G — 4 — — 4 — _ us
tiTR_LTD_manual®®) — 15 — — 15 — — s
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(38) 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.
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/O standards 1.5V PCML
Data rate — 611 | — | 6553.6 611 | — | 3125 Mbps
continued...

(33) t,1g is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.

(34)

tip is time required for the receiver CDR to start recovering valid data after the r x_i s_| ockedt odat a signal goes high.

5 t17p_manual is the time required for the receiver CDR to start recovering valid data after the r x_i s_| ockedt odat a signal goes high
when the CDR is functioning in the manual mode.

(36)

tiTR 1TD_manual IS the time the receiver CDR must be kept in lock to reference (LTR) mode after the r x_i s_| ockedt or ef signal goes

high when the CDR is functioning in the manual mode.

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

(38) 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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Symbol/Description Condition Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Typ Max Min Typ Max
Vocm (AC coupled) - - 650 - - 650 - mV
Vocm (DC coupled) < 3.2Gbps(32) 670 700 730 670 700 730 mv
Differential on-chip termination 85-Q setting — 85 — — 85 —
resistors
100-Q setting - 100 - - 100 -
120-Q setting — 120 — — 120 —
150-Q setting — 150 — — 150 —
Intra-differential pair skew TX Vem = 0.65 V (AC — — 15 — — 15 ps
coupled) and slew rate of
15 ps
Intra-transceiver block transmitter x6 PMA bonded mode — — 180 — — 180 ps
channel-to-channel skew
Inter-transceiver block transmitter xN PMA bonded mode - - 500 - — 500 ps
channel-to-channel skew(39)
Table 24. CMU PLL Specifications for Arria V GX and SX Devices
Symbol/Description Transceiver Speed Grade 4 Transceiver Speed Grade 6 Unit
Min Max Min Max
Supported data range 611 6553.6 611 3125 Mbps
fPLL supported data range 611 3125 611 3125 Mbps
Table 25. Transceiver-FPGA Fabric Interface Specifications for Arria V GX and SX Devices
Symbol/Description Transceiver Speed Grade 4 and 6 Unit
Min Max
Interface speed (single-width mode) 25 187.5 MHz
Interface speed (double-width mode) 25 163.84 MHz

(39) This specification is only applicable to channels on one side of the device across two transceiver banks.
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Related Information
e CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain on page 36
e CTLE Response at Data Rates < 3.25 Gbps across Supported AC Gain and DC Gain on page 37

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

1.2.1.2. Transceiver Specifications for Arria V GT and ST Devices

Table 26. Reference Clock Specifications for Arria V GT and ST Devices

Symbol/Description Condition Transceiver Speed Grade 3 Unit
Min Typ Max

Supported I/0 standards 1.2 V PCML, 1.4 VPCML, 1.5 V PCML, 2.5 V PCML, Differential LVPECL(49), HCSL, and LVDS

Input frequency from REFCLK input pins — 27 — 710 MHz

Rise time Measure at £60 mV of differential — — 400 ps
signal(*1)

Fall time Measure at £60 mV of differential - - 400 ps
signal(*1)

Duty cycle - 45 - 55 %

Peak-to-peak differential input voltage — 200 — 300(42)/2000 mv

Spread-spectrum modulating clock frequency PCIe 30 — 33 kHz

Spread-spectrum downspread PClIe - 0 to -0.5% - -

On-chip termination resistors — — 100 — Q

Viem (AC coupled) — — 1.2 - \Y,

continued...

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

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

(42) 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 3 Unit
Min Typ Max
Vicm (DC coupled) HCSL I/0 standard for the PCle 250 - 550 mV
reference clock
Transmitter REFCLK phase noise(43) 10 Hz — - -50 dBc/Hz
100 Hz — — -80 dBc/Hz
1 KHz — — -110 dBc/Hz
10 KHz — — -120 dBc/Hz
100 KHz — — -120 dBc/Hz
> 1 MHz — — -130 dBc/Hz
Rrer — — 2000 +1% — Q
Table 27. Transceiver Clocks Specifications for Arria V GT and ST Devices
Symbol/Description Condition Transceiver Speed Grade 3 Unit
Min Typ Max
fi xedcl k clock frequency PCle Receiver Detect — 125 — MHz
Transceiver Reconfiguration Controller Intel FPGA - 75 - 125 MHz
1P (mgnt _cl k_cl k) clock frequency
Table 28. Receiver Specifications for Arria V GT and ST Devices
Symbol/Description Condition Transceiver Speed Grade 3 Unit
Min | Typ Max
Supported I/0 Standards 1.5V PCML, 2.5V PCML, LVPECL, and LVDS
Data rate (6-Gbps transceiver)(*4) — 611 | — 6553.6 Mbps
continued...
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(43) The transmitter REFCLK phase jitter is 30 ps p-p (5 ps RMS) with bit error rate (BER) 10712, equivalent to 14 sigma.

(44) To support data rates lower than the minimum specification through oversampling, use the CDR in LTR mode only.
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Symbol/Description Condition Transceiver Speed Grade 3 Unit
Min Typ Max
Data rate (10-Gbps transceiver)(44) — 0.611 — 10.3125 Gbps
Absolute Vyax for a receiver pin(4%) — — — 1.2 \%
Absolute Vyy for a receiver pin — -0.4 — — \%
Maximum peak-to-peak differential input — — — 1.6 \Y

voltage Vip (diff p-p) before device
configuration

Maximum peak-to-peak differential input — — — 2.2 \%
voltage Vip (diff p-p) after device configuration
Minimum differential eye opening at the — 100 — — mV
receiver serial input pins(46)
Viem (AC coupled) — — 750(47)/800 — mvV
Vicm (DC coupled) < 3.2Gbps(48) 670 700 730 mv
Differential on-chip termination resistors 85-Q setting 85

100-Q setting 100

120-Q setting 120

150-Q setting 150
t7r(49) — — - 10 Hs

continued...

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

(46) 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.

(47) The AC coupled Vicy is 750 mV for PCIe mode only.
(48) For standard protocol compliance, use AC coupling.

(49) t,1g is the time required for the receive CDR to lock to the input reference clock frequency after coming out of reset.
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Symbol/Description Condition Transceiver Speed Grade 3 Unit

Min Typ Max
t7p (50 — 4 — — us
tLTD_manuaI(Sl) — 4 — —_ us
tirR_1TD_manual®?) - 15 — — us
Programmable ppm detector(53) - +62.5, 100, 125, 200, 250, 300, 500, and 1000 ppm
Run length - - - 200 Ul

Programmable equalization AC and DC gain

AC gain setting = 0 to 3(5%
DC gain setting =0to 1

Refer to CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and
DC 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.

Table 29. Transmitter Specifications for Arria V GT and ST Devices
Symbol/Description Condition Transceiver Speed Grade 3 Unit
Min Typ Max
Supported I/0O standards 1.5V PCML
Data rate (6-Gbps transceiver) — 611 — 6553.6 Mbps
Data rate (10-Gbps transceiver) - 0.611 - 10.3125 Gbps
Vocm (AC coupled) - - 650 - mV
continued...

(50)

(51)

when the CDR is functioning in the manual mode.

(52)

high when the CDR is functioning in the manual mode.

(53) The rate match FIFO supports only up to £300 ppm.

t1p is time required for the receiver CDR to start recovering valid data after the r x_i s_I| ockedt odat a signal goes high.

tiTD_manual 1S the time required for the receiver CDR to start recovering valid data after the r x_i s_| ockedt odat a signal goes high

tLTR_LTD_manual IS the time the receiver CDR must be kept in lock to reference (LTR) mode after the r x_i s_| ockedt or ef signal goes

(5%) 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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Symbol/Description Condition Transceiver Speed Grade 3 Unit
Min Typ Max
Vocm (DC coupled) < 3.2 Gbps(48) 670 700 730 mv
Differential on-chip termination resistors 85-Q setting — 85 -
100-Q setting — 100 —
120-Q setting . 120 —
150-Q setting — 150 —
Intra-differential pair skew TX Vem = 0.65 V (AC coupled) and — — 15 ps
slew rate of 15 ps
Intra-transceiver block transmitter channel-to- x6 PMA bonded mode — — 180 ps
channel skew
Inter-transceiver block transmitter channel-to- xN PMA bonded mode — — 500 ps
channel skew(55)
Table 30. CMU PLL Specifications for Arria V GT and ST Devices
Symbol/Description Transceiver Speed Grade 3 Unit
Min Max
Supported data range 0.611 10.3125 Gbps
fPLL supported data range 611 3125 Mbps

(55) This specification is only applicable to channels on one side of the device across two transceiver banks.
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Table 31. Transceiver-FPGA Fabric Interface Specifications for Arria V GT and ST Devices
Symbol/Description Transceiver Speed Grade 3 Unit
Min Max
Interface speed (PMA direct mode) 50 153.6(56), 161(57) MHz
Interface speed (single-width mode) 25 187.5 MHz
25 163.84 MHz

Interface speed (double-width mode)

Related Information

e CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain on page 36
e CTLE Response at Data Rates < 3.25 Gbps across Supported AC Gain and DC Gain on page 37

(56) The maximum frequency when core transceiver local routing is selected.

(57) The maximum frequency when core transceiver network routing (GCLK, RCLK, or PCLK) is selected.
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1.2.1.3. CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain

Figure 3. Continuous Time-Linear Equalizer (CTLE) Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC
Gain for Arria V GX, GT, SX, and ST Devices
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1.2.1.4. CTLE Response at Data Rates < 3.25 Gbps across Supported AC Gain and DC Gain

Figure 4. CTLE Response at Data Rates < 3.25 Gbps across Supported AC Gain and DC Gain for Arria V GX, GT, SX, and ST
Devices
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Table 32.
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Symbol

Vop Setting(58)

Vop Value (mV)

Vop Setting(58)

Vop Value (mV)

Vop differential peak-to-peak typical

6(59) 120 34 680
7(59) 140 35 700
8(59) 160 36 720
9 180 37 740
10 200 38 760
11 220 39 780
12 240 40 800
13 260 41 820
14 280 42 840
15 300 43 860
16 320 44 880
17 340 45 900
18 360 46 920
19 380 47 940
20 400 48 960
21 420 49 980
22 440 50 1000
23 460 51 1020
24 480 52 1040
continued...

(58) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.

(59) Only valid for data rates < 5 Gbps.
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Symbol Vop Setting(58) Vop Value (mV) Vop Setting(58) Vop Value (mV)

25 500 53 1060
26 520 54 1080
27 540 55 1100
28 560 56 1120
29 580 57 1140
30 600 58 1160
31 620 59 1180
32 640 60 1200
33 660

1.2.1.6. Transmitter Pre-Emphasis Levels
The following table lists the simulation data on the transmitter pre-emphasis levels in dB for the first post tap under the
following conditions:
e Low-frequency data pattern—five 1s and five Os
e Data rate—2.5 Gbps
The levels listed are a representation of possible pre-emphasis levels under the specified conditions only and the pre-
emphasis levels may change with data pattern and data rate.
Arria V devices only support 1st post tap pre-emphasis with the following conditions:

e The 1st post tap pre-emphasis settings must satisfy |B| + |C| < 60 where |B| = Vgp setting with termination value, Rtgrm
= 100 Q and |C| = 1st post tap pre-emphasis setting.

e |B| - |C| > 5 for data rates < 5 Gbps and |B| - |C| > 8.25 for data rates > 5 Gbps.
o (VMAX/VMIN - 1)0/0 < 6000/0, where VMAX = |B| + |C| and VMIN = |B| - |C|

(58) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.
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Exception for PCle Gen2 design: Vgp setting = 43 and pre-emphasis setting = 19 are allowed for PCle Gen2 design with
transmit de-emphasis -6dB setting (pi pe_t xdeenp = 1'b0) using Arria V Hard IP for PCI Express Intel FPGA IP and PHY for
PCI Express (PIPE) Intel FPGA IP cores.

For example, when Vgp = 800 mV, the corresponding Vgp value setting is 40. The following conditions show that the 1st post
tap pre-emphasis setting = 2 is valid:

e Bl +|C| <60~ 40+ 2 =42
e |B|-|C|>5-40-2=38
o (Vmax/Vmin - 1)% < 600% — (42/38 - 1)% = 10.52%

To predict the pre-emphasis level for your specific data rate and pattern, run simulations using the Arria V HSSI HSPICE
models.

Table 33. Transmitter Pre-Emphasis Levels for Arria V Devices
Intel Quartus Prime 1st Intel Quartus Prime Vgp Setting Unit
Post Tap Pre-Emphasis
Setting 10 (200 mV) | 20 (400 mV) | 30 (600 mV) | 35 (700 mV) | 40 (800 mV) | 45 (900 mV) | 50 (1000 mV)
0 0 0 0 0 0 0 0] dB
1 1.97 0.88 0.43 0.32 0.24 0.19 0.13 dB
2 3.58 1.67 0.95 0.76 0.61 0.5 0.41 dB
3 5.35 2.48 1.49 1.2 1 0.83 0.69 dB
4 7.27 3.31 2 1.63 1.36 1.14 0.96 dB
5 — 4.19 2.55 2.1 1.76 1.49 1.26 dB
6 — 5.08 3.11 2.56 2.17 1.83 1.56 dB
7 — 5.99 3.71 3.06 2.58 2.18 1.87 dB
8 — 6.92 4.22 3.47 2.93 2.48 2.11 dB
9 — 7.92 4.86 4 3.38 2.87 2.46 dB
10 — 9.04 5.46 4.51 3.79 3.23 2.77 dB
11 — 10.2 6.09 5.01 4.23 3.61 — dB
12 — 11.56 6.74 5.51 4.68 3.97 — dB
continued...
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Intel Quartus Prime 1st Intel Quartus Prime Vgp Setting Unit
Post Tap Pre-Emphasis
Setting 10 (200 mV) 20 (400 mV) 30 (600 mV) 35 (700 mV) 40 (800 mV) 45 (900 mV) | 50 (1000 mV)
13 — 12.9 7.44 6.1 5.12 4.36 — dB
14 - 14.44 8.12 6.64 5.57 4.76 — dB
15 - - 8.87 7.21 6.06 5.14 — dB
16 - - 9.56 7.73 6.49 — — dB
17 - - 10.43 8.39 7.02 — — dB
18 - - 11.23 9.03 7.52 — — dB
19 - - 12.18 9.7 8.02 — — dB
20 - - 13.17 10.34 8.59 - - dB
21 — — 14.2 11.1 — — — dB
22 - - 15.38 11.87 - — — dB
23 - - - 12.67 — — — dB
24 - - - 13.48 — - - dB
25 — — — 14.37 — — — dB
26 - - - - - — — dB
27 - - - - — — — dB
28 - - - - — — — dB
29 - - - — — — — dB
30 - - - - - — — dB
31 - - - - — — — dB

Related Information

SPICE Models for Intel Devices
Provides the Arria V HSSI HSPICE models.
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1.2.1.7. Transceiver Compliance Specification
The following table lists the physical medium attachment (PMA) specification compliance of all supported protocol for Arria V
GX, GT, SX, and ST devices. For more information about the protocol parameter details and compliance specifications, contact
your Intel Sales Representative.

Table 34. Transceiver Compliance Specification for All Supported Protocol for Arria V GX, GT, SX, and ST Devices

Protocol Sub-protocol Data Rate (Mbps)
PCIe PCIe Gen1 2,500
PCIe Gen2 5,000
PCIe Cable 2,500
XAUI XAUI 2135 3,125
Serial RapidIO® (SRIO) SRIO 1250 SR 1,250
SRIO 1250 LR 1,250
SRIO 2500 SR 2,500
SRIO 2500 LR 2,500
SRIO 3125 SR 3,125
SRIO 3125 LR 3,125
SRIO 5000 SR 5,000
SRIO 5000 MR 5,000
SRIO 5000 LR 5,000
SRIO_6250_SR 6,250
SRIO_6250_MR 6,250
SRIO_6250_LR 6,250
Common Public Radio Interface (CPRI) CPRI E6LV 614.4
CPRI E6HV 614.4
CPRI E6LVII 614.4
CPRI E12LV 1,228.8
continued...
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Protocol Sub-protocol Data Rate (Mbps)
CPRI E12HV 1,228.8
CPRI E12LVII 1,228.8
CPRI E24LV 2,457.6
CPRI E24LVII 2,457.6
CPRI E30LV 3,072
CPRI E30LVII 3,072
CPRI E48LVII 4,915.2
CPRI E60LVII 6,144
CPRI E96LVIII(60) 9,830.4
Gbps Ethernet (GbE) GbE 1250 1,250
OBSAI OBSAI 768 768
OBSAI 1536 1,536
OBSAI 3072 3,072
OBSAI 6144 6,144
Serial digital interface (SDI) SDI 270 SD 270
SDI 1485 HD 1,485
SDI 2970 3G 2,970
SONET SONET 155 155.52
SONET 622 622.08
SONET 2488 2,488.32
Gigabit-capable passive optical network (GPON) GPON 155 155.52
GPON 622 622.08
continued...

(60) You can achieve compliance with TX channel restriction of one HSSI channel per six-channel transceiver bank.
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Protocol Sub-protocol Data Rate (Mbps)
GPON 1244 1,244.16
GPON 2488 2,488.32
QSGMII QSGMII 5000 5,000
1.2.2. Core Performance Specifications
1.2.2.1. Clock Tree Specifications
Table 35. Clock Tree Specifications for Arria V Devices
Parameter Performance Unit
-13, -C4 -15, -C5 -Cé6
Global clock and Regional clock 625 625 525 MHz
Peripheral clock 450 400 350 MHz
1.2.2.2. PLL Specifications
Table 36. PLL Specifications for Arria V Devices
This table lists the Arria V PLL block specifications. Arria V PLL block does not include HPS PLL.
Symbol Parameter Condition Min Typ Max Unit
fin Input clock frequency -3 speed grade 5 — 800(61) MHz
-4 speed grade 5 — 800(61) MHz
-5 speed grade 5 — 750(61) MHz
-6 speed grade 5 — 625(61) MHz
finPFD Integer input clock frequency to the phase — 5 — 325 MHz
frequency detector (PFD)
continued...

(61) This specification is limited in the Intel Quartus Prime software by the I/O maximum frequency. The maximum I/O frequency is
different for each I/0 standard.
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Symbol Parameter Condition Min Typ Max Unit
frINPFD Fractional input clock frequency to the PFD - 50 - 160 MHz
fuco(6?) PLL voltage-controlled oscillator (VCO) -3 speed grade 600 — 1600 MHz

operating range
-4 speed grade 600 — 1600 MHz
-5 speed grade 600 — 1600 MHz
-6 speed grade 600 - 1300 MHz
temnouTty Input clock or external feedback clock input — 40 — 60 %
duty cycle
fouT Output frequency for internal global or -3 speed grade - — 500(63) MHz
regional clock
-4 speed grade — — 500(63) MHz
-5 speed grade - - 500(63) MHz
-6 speed grade - - 400(63) MHz
fouT_ExT Output frequency for external clock output -3 speed grade - - 670(63) MHz
-4 speed grade - — 670(63) MHz
-5 speed grade - — 622(63) MHz
-6 speed grade - - 500(63) MHz
toutpuTy Duty cycle for external clock output (when set — 45 50 55 %
to 50%)
trcomp External feedback clock compensation time — — — 10 ns
tbyconFiceLk Dynamic configuration clock for mgnt _cl k — — — 100 MHz
and scancl k
tLock Time required to lock from end-of-device — — — 1 ms
configuration or deassertion of ar eset
continued...

(62) The VCO frequency reported by the Intel Quartus Prime software takes into consideration the VCO post divider value. Therefore, if the
VCO post divider value is 2, the frequency reported can be lower than the fy,co specification.

(63) This specification is limited by the lower of the two: I/O fuax or Fout of the PLL.
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Symbol Parameter Condition Min Typ Max Unit
tbLock Time required to lock dynamically (after - - - 1 ms
switchover or reconfiguring any non-post-
scale counters/delays)
felew PLL closed-loop bandwidth Low — 0.3 — MHz
Medium — 1.5 - MHz
High(64) — 4 — MHz
tpLL_PSERR Accuracy of PLL phase shift - — — +50 ps
tARESET Minimum pulse width on the ar eset signal — 10 — — ns
tineey(65)(66) Input clock cycle-to-cycle jitter Frer = 100 MHz — - 0.15 Ul (p-p)
Frer < 100 MHz — — +750 ps (p-p)
toutes_pc(®”) Period jitter for dedicated clock output in Four = 100 MHz — — 175 ps (p-p)
integer PLL
Four < 100 MHz — — 17.5 mUI (p-p)
troutes_pct®”) Period jitter for dedicated clock output in Four = 100 MHz — - 250(68), 175(69) ps (p-p)
fractional PLL
Four < 100 MHz — — 25(68), 17.5(69) | muUI (p-p)
continued...

(64)

(65)

(66)

(67)

(68)

(69)

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

A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source with
jitter < 120 ps.

Frer is fin/N, specification applies when N = 1.

Peak-to-peak jitter with a probability level of 10712 (14 sigma, 99.99999999974404% confidence level). The output jitter specification
applies to the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter
specifications use a different measurement method and are available in Memory Output Clock Jitter Specification for Arria V Devices
table.

This specification only covered fractional PLL for low bandwidth. The fyq for fractional value range 0.05-0.95 must be = 1000 MHz.

This specification only covered fractional PLL for low bandwidth. The fycg for fractional value range 0.20-0.80 must be = 1200 MHz.
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Symbol Parameter Condition Min Typ Max Unit
toutccy_pc(®”? Cycle-to-cycle jitter for dedicated clock output Fout = 100 MHz - — 175 ps (p-p)
in integer PLL
FouT < 100 MHz - — 17.5 muUI (p-p)
troutces_pc(®”) Cycle-to-cycle jitter for dedicated clock output Four = 100 MHz — — 250(68), 175(69) ps (p-p)
in fractional PLL
Foutr < 100 MHz - — 25(68),17.5(69) | muUI (p-p)
toutpy 1067270 Period jitter for clock output on a regular I/O Fout = 100 MHz - — 600 ps (p-p)
in integer PLL
Fout < 100 MHz — — 60 mUI (p-p)
trouTpy_10(67)(68)(70) Period jitter for clock output on a regular I/O Four = 100 MHz — — 600 ps (p-p)
in fractional PLL
Fout < 100 MHz — — 60 mUI (p-p)
toutcey 1067270 Cycle-to-cycle jitter for clock output on a Fout = 100 MHz — — 600 ps (p-p)
regular I/0 in integer PLL
Fout < 100 MHz — — 60 mUI (p-p)
troutces_1087(68)(70) Cycle-to-cycle jitter for clock output on a Four = 100 MHz — — 600 ps (p-p)
regular I/0 in fractional PLL
Fout < 100 MHz — — 60 mUI (p-p)
tcasc_outpy_pcl®71) Period jitter for dedicated clock output in Fout = 100 MHz - — 175 ps (p-p)
cascaded PLLs
FouT < 100 MHz - — 17.5 muUI (p-p)
torIFT Frequency drift after PFDENA is disabled for a — — — +10 %
duration of 100 ps
dKgrr Bit number of Delta Sigma Modulator (DSM) — 8 24 32 bits
kvaLue Numerator of fraction — 128 8388608 2147483648 —
fres Resolution of VCO frequency fineep = 100 MHz 390625 5.96 0.023 Hz

(70) External memory interface clock output jitter specifications use a different measurement method, which are available in Memory
Output Clock Jitter Specification for Arria V Devices table.

(71) The cascaded PLL specification is only applicable with the following conditions:
e Upstream PLL: 0.59 MHz < Upstream PLL BW < 1 MHz
e Downstream PLL: Downstream PLL BW > 2 MHz
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Related Information

Memory Output Clock Jitter Specifications on page 56
Provides more information about the external memory interface clock output jitter specifications.

1.2.2.3. DSP Block Performance Specifications

Table 37. DSP Block Performance Specifications for Arria V Devices

Mode Performance Unit
-13, -C4 -15, -C5 -Cé6

Modes using One DSP Block Independent 9 x 9 multiplication 370 310 220 MHz
Independent 18 x 19 multiplication 370 310 220 MHz

Independent 18 x 25 multiplication 370 310 220 MHz

Independent 20 x 24 multiplication 370 310 220 MHz

Independent 27 x 27 multiplication 310 250 200 MHz

Two 18 x 19 multiplier adder mode 370 310 220 MHz

18 x 18 multiplier added summed with 36-bit input 370 310 220 MHz

Modes using Two DSP Blocks Complex 18 x 19 multiplication 370 310 220 MHz

1.2.2.4. Memory Block Performance Specifications

To achieve the maximum memory block performance, use a memory block clock that comes through global clock routing from
an on-chip PLL and set to 50% output duty cycle. Use the Intel Quartus Prime software to report timing for the memory block
clocking schemes.

When you use the error detection cyclical redundancy check (CRC) feature, there is no degradation in fyax.
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Table 38. Memory Block Performance Specifications for Arria V Devices
Memory Mode Resources Used Performance Unit
ALUTs Memory -13, -C4 -I5, -C5 -C6
MLAB Single port, all supported widths 0 1 500 450 400 MHz
Simple dual-port, all supported widths 0 1 500 450 400 MHz
Simple dual-port with read and write at the same 0 1 400 350 300 MHz
address
ROM, all supported width — — 500 450 400 MHz
M10K Block Single-port, all supported widths 0 1 400 350 285 MHz
Simple dual-port, all supported widths 0 1 400 350 285 MHz
Simple dual-port with the read-during-write option 0 1 315 275 240 MHz
set to Old Data, all supported widths
True dual port, all supported widths 0 1 400 350 285 MHz
ROM, all supported widths 0 1 400 350 285 MHz
1.2.2.5. Internal Temperature Sensing Diode Specifications
Table 39. Internal Temperature Sensing Diode Specifications for Arria V Devices
Temperature Range Accuracy Offset Calibrated Option Sampling Rate Conversion Resolution Minimum Resolution with
Time(72) no Missing Codes
-40 to 100°C +8°C No 1 MHz < 100 ms 8 bits 8 bits

Related Information

Intel FPGA Temperature Sensor IP Core User Guide

Provides more information about the temperature sensing operation.

1.2.3. Periphery Performance

This section describes the periphery performance, high-speed I/0, and external memory interface.

(72) For more details about the temperature sensing operations, refer to the Intel FPGA Temperature Sensor IP Core User Guide.
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Actual achievable frequency depends on design and system specific factors. Ensure proper timing closure in your design and
perform HSPICE/IBIS simulations based on your specific design and system setup to determine the maximum achievable

frequency in your system.

1.2.3.1. High-Speed I/0 Specifications

Table 40.

High-Speed I/0 Specifications for Arria V Devices

When J = 3 to 10, use the serializer/deserializer (SERDES) block. When J = 1 or 2, bypass the SERDES block.

For LVDS applications, you must use the PLLs in integer PLL mode.

The Arria V devices support the following output standards using true LVDS output buffer types on all I/O banks.

. True RSDS output standard with data rates of up to 360 Mbps

. True mini-