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Intel® Arria® 10 Device Datasheet

This datasheet describes the electrical characteristics, switching characteristics, configuration specifications, and I/O timing
for Intel® Arria® 10 devices.

Intel Arria 10 devices are offered in extended and industrial grades. Extended devices are offered in —E1 (fastest), -E2, and -
E3 speed grades. Industrial grade devices are offered in the -I1, =12, and -I3 speed grades.

The suffix after the speed grade denotes the power options offered in Intel Arria 10 devices.

e L—enables the device to operate at low static power while maintaining excellent performance.

e S—standard power specification.

e V—enables the device to run at lower than default V¢, reducing static and dynamic power while retaining equivalent
performance.

e H—small device with high performance at the fastest speed grade (-1).

Related Information

Intel Arria 10 Device Overview
Provides more information about the densities and packages of devices in the Intel Arria 10 family.

Electrical Characteristics

The following sections describe the operating conditions and power consumption of Intel Arria 10 devices.

Operating Conditions

Intel Arria 10 devices are rated according to a set of defined parameters. To maintain the highest possible performance and
reliability of the Intel Arria 10 devices, you must consider the operating requirements described in this section.

© 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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Absolute Maximum Ratings

This section defines the maximum operating conditions for Intel Arria 10 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.

Table 1. Absolute Maximum Ratings for Intel Arria 10 Devices
Symbol Description Condition Minimum Maximum Unit

Vee Core voltage power supply — -0.50 1.21 \%
Veep Periphery circuitry and transceiver fabric interface power supply - -0.50 1.21 \
Vcceram Embedded memory power supply - -0.50 1.36 \Y
Veept Power supply for programmable power technology and I/O pre-driver — -0.50 2.46 \%
Veesar Battery back-up power supply for design security volatile key register — -0.50 2.46 \
Veeram Configuration pins power supply 1) -0.50 2.46 Vv
Vccio I/0 buffers power supply 3VI/O -0.50 4.10 \Y

LVDS I/0 -0.50 2.46 \Y
Veea pLL Phase-locked loop (PLL) analog power supply — -0.50 2.46 \Y
Vcer exB Transmitter power supply — -0.50 1.34 \Y
Vcer_cxe Receiver power supply — -0.50 1.34 Y
VeeH exs Transceiver output buffer power supply — -0.50 2.46 Y
VceL Hps HPS core voltage and periphery circuitry power supply — -0.50 1.27 \
Vcceio_Hes HPS 1/0 buffers power supply 3VI/O -0.50 4.10 \

LvVDS I/0 -0.50 2.46 \Y

continued...
(1) The LVDS I/0 values are applicable to all dedicated and dual-function configuration I/0s.
Arria® 10 Device Datasheet C] Send Feedback
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Symbol Description Condition Minimum Maximum Unit
VCCIOREF_HPS HPS 1/0 pre-driver power supply — -0.50 2.46 \
VeepLL Hps HPS PLL power supply — -0.50 2.46 \
Tout DC output current per pin — -25 (2()6()3)(4)(5) 25 mA
T Operating junction temperature — -55 125 °C
Tstg Storage temperature (no bias) - -65 150 °C

Related Information

e AN 692: Power Sequencing Considerations for Intel Cyclone 10 GX, Intel Arria 10, and Intel Stratix 10 Devices
Provides the power sequencing requirements for Intel Arria 10 devices.

e Power-Up and Power-Down Sequences, Power Management in Intel Arria 10 Devices chapter
Provides the power sequencing requirements for Intel Arria 10 devices.

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.

(2) The maximum current allowed through any LVDS I/0 bank pin when the device is not turned on or during power-up/power-down
conditions is 10 mA.

(3) Total current per LVDS I/O bank must not exceed 100 mA.
(4) Voltage level must not exceed 1.89 V.
(5) Applies to all I/O standards and settings supported by LVDS I/O banks, including single-ended and differential 1/0s.

(6) Applies only to LVDS I/0 banks. 3 V I/O banks are not covered under this specification and must be implemented as per the power
sequencing requirement. For more details, refer to AN 692: Power Sequencing Considerations for Intel Cyclone® 10 GX, Intel Arria
10, and Intel Stratix® 10 Devices and Power Management in Intel Arria 10 Devices chapter.

D Send Feedback Arria® 10 Device Datasheet
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For example, a signal that overshoots to 2.70 V for LVDS I/0 can only be at 2.70 V for ~4% over the lifetime of the device.

Table 2. Maximum Allowed Overshoot During Transitions for Intel Arria 10 Devices

This table lists the maximum allowed input overshoot voltage and the duration of the overshoot voltage as a percentage of device lifetime. The LVDS I/O values
are applicable to the VREFP_ADC and VREFN_ADC I/0 pins.

Symbol Description Condition (V) Overshoot Duration as % at T; = 100°C Unit
LVDS 1/0 (7) 3VI/O

Vi (AC) AC input voltage 2.50 3.80 100 %
2.55 3.85 42 %

2.60 3.90 18 %

2.65 3.95 9 %

2.70 4.00 4 %

> 2.70 > 4.00 No overshoot allowed %

For an overshoot of 2.5V, 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.

(7) The LVDS I/0 values are applicable to all dedicated and dual-function configuration I/0s.

Arria® 10 Device Datasheet C] Send Feedback
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Figure 1. Intel Arria 10 Devices Overshoot Duration

Recommended Operating Conditions

This section lists the functional operation limits for the AC and DC parameters for Intel Arria 10 devices.

D Send Feedback Arria® 10 Device Datasheet
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Recommended Operating Conditions

Table 3. Recommended Operating Conditions for Intel Arria 10 Devices
This table lists the steady-state voltage values expected from Intel Arria 10 devices. Power supply ramps must all be strictly monotonic, without plateaus.
Symbol Description Condition Minimum (8) Typical Maximum (8) Unit
Vee Core voltage power supply Standard and low power () 0.87 0.9 0.93 \%
0.92 0.95 0.98 \Y
SmartVvID (10 0.82 — 0.93 \Y
Veep Periphery circuitry and transceiver fabric Standard and low power (9) 0.87 0.9 0.93 \%
interface power supply
0.92 0.95 0.98 \Y
SmartVviD (10) 0.82 — 0.93 \Y
VeepeM Configuration pins power supply 1.8V 1.71 1.8 1.89 \%
1.5V 1.425 1.5 1.575 \%
1.2V 1.14 1.2 1.26 \%
VccErAM Embedded memory power supply 09V ® 0.87 0.9 0.93 \%
0.95V 9 0.92 0.95 0.98 \Y
Veepar (11 Battery back-up power supply — 1.14 — 1.89 \Y
(For design security volatile key register)
continued...

(8) This 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.

(9 You can operate -1 and -2 speed grade devices at 0.9 V or 0.95 V typical value. You can operate -3 speed grade device only at 0.9 V
typical value. Operating at 0.95 V results in higher core performance and higher power consumption. Refer to core performance in
this datasheet for different typical values. For more information about the power consumption of different typical values, refer to the
Intel Quartus® Prime software, Power Analyzer report, and Early Power Estimator (EPE).

(10) SmartVID is supported in devices with -3V speed grades only.

(11) If you do not use the design security feature in Intel Arria 10 devices, connect Vccpar to a 1.5-V to 1.8-V power supply. Intel Arria 10
power-on reset (POR) circuitry monitors Vccpar. Intel Arria 10 devices do not exit POR if Vcpar is not powered up.

Arria® 10 Device Datasheet D Send Feedback
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Symbol Description Condition Minimum (8) Typical Maximum (8) Unit

Veepr Power supply for programmable power 1.8V 1.71 1.8 1.89 \%
technology and I/0 pre-driver

Vccio I/0 buffers power supply 3.0 V (for 3V I/O only) 2.85 3.0 3.15 \

2.5V (for 3V I/0 only) 2.375 2.5 2.625 \Y

1.8V 1.71 1.8 1.89 V

1.5V 1.425 1.5 1.575 Vv

1.35V (12) 1.35 (12) \Y

1.25V 1.19 1.25 1.31 \Y

1.2V (12) 1.2 (12) \Y

Veea pLL PLL analog voltage regulator power supply - 1.71 1.8 1.89 \

VREFP_ADC Precision voltage reference for voltage — 1.2475 1.25 1.2525 \

sensor

v (1334 DC input voltage 3VI1/0 -0.3 — 3.3 \%

LvVDS 1/0 -0.3 — 2.19 \'%

Vo Output voltage — 0 — Vecio \

T Operating junction temperature Extended 0 - 100 °C

Industrial -40 — 100 °C

continued...

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

(12) For minimum and maximum voltage values, refer to the I/O Standard Specifications section.
(13) The LVDS 1/0 values are applicable to all dedicated and dual-function configuration I/Os.

(14) This value applies to both input and tri-stated output configuration. Pin voltage should not be externally pulled higher than the
maximum value.

D Send Feedback Arria® 10 Device Datasheet
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Symbol Description Condition Minimum (8) Typical Maximum (8) Unit
Military (15) — (15) °C
tramp (16) Power supply ramp time Standard POR 200 ps — 100 ms -
Fast POR 200 ps — 4 ms —

Related Information
e J/O Standard Specifications on page 19

e Intel Arria 10 Military Temperature Range Support Technical Brief
Provides more details on the military requirement.

Transceiver Power Supply Operating Conditions

Table 4. Transceiver Power Supply Operating Conditions for Intel Arria 10 GX/SX Devices

Symbol Description Condition (17) Minimum (18) Typical Maximum (18) Unit
VeeT_GxB [L1,R4][C, D, E, F, G, | Transmitter power supply Chip-to-Chip < 17.4 Gbps 1.0 1.03 1.06 \
—(19
H, 1,]] Or

Backplane (29) < 12.5 Gbps

Chip-to-Chip < 11.3 Gbps 0.92 0.95 0.98 Y
continued...

(8) This 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.

(15) For more details on the military requirement, refer to the Intel Arria 10 Military Temperature Range Support Technical Brief.
(16) tramp is the ramp time of each individual power supply, not the ramp time of all combined power supplies.

(17) These data rate ranges vary depending on the transceiver speed grade. Refer to Transceiver Performance for Intel Arria 10 GX/SX
Devices for exact data rate ranges.

(18) This 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.

(19) To support PCIe* Gen3, this pin must be 1.03 V (£ 30 mV) or higher.

Arria® 10 Device Datasheet C] Send Feedback
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Symbol Description Condition (17) Minimum (18) Typical Maximum (18) Unit
VCCR?GXB}LI,R4] [C, D, E F G, | Receiver power supply Chip-to-Chip < 17.4 Gbps 1.0 1.03 1.06 \'%
PRI or

Backplane (29) < 12.5 Gbps
Chip-to-Chip < 11.3 Gbps 0.92 0.95 0.98 \Y
VeCH_GXBIL,R] Transceiver output buffer power — 1.710 1.8 1.890 \
supply

Note: Most VCCR_GXB and VCCT_GXB pins associated with unused transceiver channels can be grounded on a per-side basis to
minimize power consumption. Refer to the Intel Arria 10 GX, GT, and SX Device Family Pin Connection Guidelines and the
Intel Quartus Prime pin report for information about pinning out the package to minimize power consumption for your specific
design.
Table 5. Transceiver Power Supply Operating Conditions for Intel Arria 10 GT Devices
Symbol Description Condition (21) Minimum (18) Typical Maximum (18) Unit
VeeT GXBILR] Transmitter power supply Chip-to-Chip < 25.8 Gbps (22) 1.10 1.12 1.14 \%
Or
Backplane (29 < 12.5 Gbps
Chip-to-Chip < 15 Gbps 1.0 1.03 1.06 \Y
continued...

(17) These data rate ranges vary depending on the transceiver speed grade. Refer to Transceiver Performance for Intel Arria 10 GX/SX
Devices for exact data rate ranges.

(18) This 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.

(20) Backplane applications assume advanced equalization circuitry, such as decision feedback equalization (DFE), is enabled to
compensate for signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require

DFE.

(21)

These data rate ranges vary depending on the transceiver speed grade. Refer to Transceiver Performance for Intel Arria 10 GT Devices

table for exact data rate ranges.

(22) 25.8 Gbps is the maximum data rate for GT channels. 17.4 Gbps is the maximum data rate for GX channels.

D Send Feedback Arria® 10 Device Datasheet
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Symbol Description Condition (21) Minimum (18) Typical Maximum (18) Unit
Or
Backplane (20) < 12.5 Gbps
Chip-to-Chip < 11.3 Gbps 0.92 0.95 0.98 \%
VCer_GXBILR] Receiver power supply Chip-to-Chip < 25.8 Gbps 1.10 1.12 1.14 \%
Or
Backplane (20) < 12.5 Gbps
Chip-to-Chip < 15 Gbps 1.0 1.03 1.06 Vv
Or
Backplane (20) < 12.5 Gbps
Chip-to-Chip < 11.3 Gbps 0.92 0.95 0.98 v
VeeH_GXBILR] Transceiver output buffer power — 1.710 1.8 1.890 \

supply

Related Information

e Transceiver Performance for Intel Arria 10 GT Devices on page 27
Provides the data rate ranges for different transceiver speed grades.

e Transceiver Performance for Intel Arria 10 GX/SX Devices on page 25
Provides the data rate ranges for different transceiver speed grades.

e Intel Arria 10 GX, GT, and SX Device Family Pin Connection Guidelines

(21) These data rate ranges vary depending on the transceiver speed grade. Refer to Transceiver Performance for Intel Arria 10 GT Devices
table for exact data rate ranges.

Arria® 10 Device Datasheet C] Send Feedback
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HPS Power Supply Operating Conditions

Table 6. HPS Power Supply Operating Conditions for Intel Arria 10 SX Devices

This table lists the steady-state voltage and current values expected from Intel Arria 10 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 Intel Arria 10 Devices table for the
steady-state voltage values expected from the FPGA portion of the Intel Arria 10 SoC devices.

Symbol Description Condition Minimum (23) Typical Maximum (23) Unit

Veel Hes HPS core voltage and periphery circuitry 0.9V (24 0.87 0.9 0.93 \%
power supply

0.95 Vv (24 0.92 0.95 0.98 \Y

Vecio Hps HPS 1/0 buffers power supply 3.0V 2.85 3.0 3.15 v

2.5V 2.375 2.5 2.625 \Y

1.8V 1.71 1.8 1.89 \%

VCCIOREF_HPS HPS I/0 pre-driver power supply — 1.71 1.8 1.89 \

VcepLL Hps HPS IPLL analog voltage regulator power — 1.71 1.8 1.89 \%

supply

Related Information

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

e HPS Clock Performance on page 56
Provides the maximum HPS clock frequencies.

DC Characteristics

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.

(23) This 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.

(24) Ve pps options are valid under the operating conditions specified in the Maximum HPS Clock Frequencies table.

D Send Feedback Arria® 10 Device Datasheet
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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 usage of the resources.

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, yield very accurate power estimates.

Related Information

e Early Power Estimator for Intel Arria 10 User Guide
Provides more information about power estimation tools.

e Power Analysis and Optimization User Guide: Intel Quartus Prime Pro Edition
Provides more information about power estimation tools.

I/0 Pin Leakage Current

Table 7. I/0 Pin Leakage Current for Intel Arria 10 Devices
Symbol Description Condition Min Max Unit
I; Input pin Vi = 0V to Vcciomax -80 80 HA
Ioz Tri-stated I/0 pin Vo = 0 V to Vcciomax -80 80 HA

Bus Hold Specifications

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

Arria® 10 Device Datasheet D Send Feedback
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Table 8. Bus Hold Parameters for Intel Arria 10 Devices
Parameter Symbol Condition Vecro (V) Unit
1.2 1.5 1.8 2.5 3.0
Min Max Min Max Min Max Min Max Min Max

Bus-hold, low, IsusL Vin > Vi 8 (29, — 12 29), — 30 (29), — 60 — 70 — HA
sustaining (max) 26 (26) 32 (26) 55 (26)
current
Bus-hold, hlgh, IsusH ViN < Viy -8 (25), — -12 (25), — -30 (25), — -60 — -70 - HA
sustaining (min) -26 (26) -32 (26) -55 (26)
current
Bus-hold, low, TopL OV <Vy< — 125 — 175 — 200 — 300 — 500 HA
overdrive current Veeio
Bus-hold, high, TopH 0OV <V < — -125 — -175 — -200 — -300 — -500 HA
overdrive current Vecio
Bus-hold trip V1rip — 0.3 0.9 0.38 1.13 0.68 1.07 0.70 1.7 0.8 2 \
point

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.

(25) This value is only applicable for LVDS I/0 bank.

(26) This value is only applicable for 3 V I/0O bank.

D Send Feedback Arria® 10 Device Datasheet
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Table 9.

OCT Calibration Accuracy Specifications for Intel Arria 10 Devices

Calibration accuracy for the calibrated on-chip series termination (Rs OCT) and on-chip parallel termination (Rt OCT) are applicable at the moment of calibration.

Intel® Arria® 10 Device Datasheet
A10-DATASHEET | 2022.02.14

When process, voltage, and temperature (PVT) conditions change after calibration, the tolerance may change.

Symbol Description Condition (V) Resistance Tolerance Unit
-E1, -I1 -E2, -1I2 -E3, -I3
25-Q and 50-Q Rg Internal series termination with calibration | Vo = 1.8, 1.5, 1.2 + 15 + 15 + 15 %
(25-Q and 50-Q setting)
34-Q and 40-Q Rg Internal series termination with calibration | Vccio = 1.5, 1.25, 1.2 + 15 + 15 + 15 %
(34-Q and 40-Q setting)
VCCIO =1.35 + 20 + 20 + 20 %
48-Q, 60-Q, 80-Q, and Internal series termination with calibration | Vccio = 1.2 + 15 + 15 + 15 %
120-Q Rg (48-Q, 60-Q, 80-Q, and 120-Q setting)
240-Q Rg Internal series termination with calibration | Vo = 1.2 + 20 + 20 + 20 %
(240-Q setting)
30-Q Ry Internal parallel termination with Veeio = 1.5, 1.35, 1.25 -10 to +40 -10 to +40 -10 to +40 %
calibration (30-Q setting)
34-Q, 48-Q, 80-Q, and Internal parallel termination with Vecio = 1.2 + 15 + 15 + 15 %
240-Q Rt calibration (34-Q, 48-Q, 80-Q, and 240-Q
setting)
40-Q, 60-Q, and 120-Q Ry Internal parallel termination with Vecio = 1.5, 1.35, 1.25, 1.2 -10 to +40 -10 to +40 -10 to +40 %
calibration (40-Q, 60-Q, and 120-Q
setting) Veero = 1.2 27 + 15 + 15 + 15 %
80-Q Rt Internal parallel termination with Vecro = 1.2 + 15 + 15 + 15 %
calibration (80-Q setting)

(27) Only applicable to POD12 1/0 standard.

Arria® 10 Device Datasheet
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OCT Without Calibration Resistance Tolerance Specifications

Table 10. OCT Without Calibration Resistance Tolerance Specifications for Intel Arria 10 Devices

This table lists the Intel Arria 10 OCT without calibration resistance tolerance to PVT changes.

Symbol Description Condition (V) Resistance Tolerance Unit
-E1, -I1 -E2, -12 -E3, -I3
25-Q and 50-Q Rg Internal series termination without Veero = 3.0, 2.5 -40 to +30 + 40 + 40 %
calibration (25-Q and 50-Q setting)
Veero = 1.8, 1.5, 1.2 -50 to +30 + 50 + 50 %
34-Q and 40-Q Rg Internal series termination without Veero = 1.5, 1.35, 1.25, 1.2 -50 to +30 + 50 + 50 %
calibration (34-Q and 40-Q setting)
48-Q and 60-Q Rg Internal series termination without Veero = 1.2 -50 to +30 + 50 + 50 %
calibration (48-Q and 60-Q setting)
120-Q Rg Internal series termination without Veero = 1.2 -50 to +30 + 50 + 50 %
calibration (120-Q setting)
100-Q Rp Internal differential termination Vecio = 1.8 + 25 + 35 + 40 %
(100-Q setting)
Pin Capacitance
Table 11. Pin Capacitance for Intel Arria 10 Devices
Symbol Description Maximum Unit
Cio_coLumn Input capacitance on column I/O pins 2.5 pF
CouTrs Input capacitance on dual-purpose clock output/feedback pins 2.5 pF

Internal Weak Pull-Up and Weak Pull-Down Resistor

All I/0 pins, except configuration, test, and JTAG pins, have an option to enable weak pull-up. The weak pull-down feature is
only available for the pins as described in the Internal Weak Pull-Down Resistor Values for Intel Arria 10 Devices table.

D Send Feedback Arria® 10 Device Datasheet
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Table 12. Internal Weak Pull-Up Resistor Values for Intel Arria 10 Devices

Symbol Description Condition (V) (28) Value (29) Unit

Rpy Value of the I/O pin pull-up resistor before and during configuration, as Vecio = 3.0 £5% 25 kQ
well as user mode if you have enabled the programmable pull-up

resistor option. Vccio = 2.5 £5% 25 kQ

VCCIO = 1.8 £5% 25 kQ

Veeio = 1.5 £5% 25 kQ

VCCIO =1.35 £5% 25 kQ

Veecio = 1.25 £5% 25 kQ

VCCIO =1.2 5% 25 kQ

Table 13. Internal Weak Pull-Down Resistor Values for Intel Arria 10 Devices

Pin Name Description Condition (V) Value (29) Unit

nIO PULLUP Dedicated input pin that determines the internal pull-ups on | Vcc = 0.9 £3.33% 25 kQ
user I/O pins and dual-purpose I/0 pins.

TCK Dedicated JTAG test clock input pin. Veepgm = 1.8 £5 % 25 kQ

Veergm = 1.5 £5% 25 kQ

VCCPGM =1.2 5% 25 kQ

MSEL[0:2] Configuration input pins that set the configuration scheme Vcepgm = 1.8 £5% 25 kQ

for the FPGA device.
VCCPGM = 1.5 5% 25 kQ
Veergm = 1.2 £5% 25 kQ

Related Information

Intel Arria 10 GX, GT, 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.

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

(29) valid with £25% tolerances to cover changes over PVT.
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I/0 Standard Specifications

Tables in this section list the input voltage (Viy and Vy.), output voltage (Von and Vg ), and current drive characteristics (Ign
and Ig,) for various I/O standards supported by Intel Arria 10 devices.

For minimum voltage values, use the minimum Vccio values. For maximum voltage values, use the maximum Vccio values.
You must perform timing closure analysis to determine the maximum achievable frequency for general purpose 1/O standards.

Related Information
e Recommended Operating Conditions on page 8

e Intel Arria 10 Military Temperature Range Support Technical Brief
Provides more details on the military requirement.

Single-Ended I/0 Standards Specifications

Table 14. Single-Ended I/0 Standards Specifications for Intel Arria 10 Devices

I/0 Standard Vccero (V) Vi (V) Vin (V) VoL (V) Vou (V) IoL (39) | Ioy 30
(mA) (mA)
Min Typ Max Min Max Min Max Max Min

3.0-V LVTTL 2.85 3 3.15 -0.3 0.8 1.7 3.3 0.4 2.4 2 -2

3.0-V LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 3.3 0.2 Veero - 0.2 0.1 -0.1

25V 2.375 2.5 2.625 -0.3 0.7 1.7 3.3 0.4 2 1 -1

1.8V 1.71 1.8 1.89 -0.3 0.35 x Vecro 0.65 x Vceo Veao + 0.3 0.45 Veero - 0.45 2 -2

1.5V 1.425 1.5 1.575 | -0.3 0.35 x Vo 0.65 x Vecro Veero + 0.3 0.25 x Veaio 0.75 x Vecro 2 -2

1.2V 1.14 1.2 1.26 -0.3 0.35 x Vearo 0.65 x Vecro Veero + 0.3 0.25 x Vecro 0.75 x Veero 2 -2

(30) To meet the I, and Igy specifications, you must set the current strength settings accordingly. For example, to meet the 3.0-V LVTTL
specification (2 mA), you should set the current strength settings to 2 mA. Setting at lower current strength may not meet the Ig_
and Ipy specifications in the datasheet.
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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 Intel Arria 10 Devices
I/0 Sstandard Vcero (V) Vger (V) Vrr (V)

Min Typ Max Min Typ Max Min Typ Max
SSTL-18 1.71 1.8 1.89 0.833 0.9 0.969 Veer - 0.04 Vrer Veer + 0.04
Class I, II
SSTL-15 1.425 1.5 1.575 0.49 x Vccio 0.5 x Veeio 0.51 x Vccio 0.49 x Vccio 0.5 x Vceio 0.51 x Vccro
Class I, II
SSTL-135/ SSTL-135 1.283 1.35 1.418 0.49 X Vccio 0.5 X Vecio 0.51 X Vccio 0.49 X Vccio 0.5 X Vccio 0.51 X Vceio
Class I, II
SSTL-125/ SSTL-125 1.19 1.25 1.31 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO
Class I, II
SSTL-12/ SSTL-12 1.14 1.2 1.26 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO
Class I, II
HSTL-18 1.71 1.8 1.89 0.85 0.9 0.95 - Vecro/2 -
Class I, II
HSTL-15 1.425 1.5 1.575 0.68 0.75 0.9 - Veeio/2 -
Class I, II
HSTL-12 1.14 1.2 1.26 0.47 x VCCIO 0.5 x VCCIO 0.53 x VCCIO —_ VCCIO/Z -
Class I, II
HSUL-12 1.14 1.2 1.3 0.49 x VCCIO 0.5 x VCCIO 0.51 x VCCIO - - -
POD12 1.16 1.2 1.24 0.69 x Vccio 0.7 x Vccio 0.71 x Vccio — Vcero —

Arria® 10 Device Datasheet
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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 Intel Arria 10 Devices

I/0 Standard ViLocy (V) Vin(ocy (V) ViL(ac) (V) Vincacy (V) VoL (V) Vou (V) IoL G Iy GV

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

SSTL-18 Class I -0.3 Vgrer -0.125 Vgreg + 0.125 Veeo + 0.3 Vger — 0.25 Vger + 0.25 Vit - 0.603 Vit + 0.603 6.7 -6.7

SSTL-18 Class -0.3 Vger -0.125 Vger + 0.125 Vecio + 0.3 Vges - 0.25 Vger + 0.25 0.28 Veero -0.28 13.4 -13.4

II

SSTL-15 Class I - Vgrer - 0.1 Vgrer + 0.1 - Vgrer - 0.175 Vger + 0.175 0.2 X Vecio 0.8 X Vccio 8 -8

SSTL-15 Class —_ Vgrer - 0.1 Vgrer + 0.1 —_ Vgrer - 0.175 Vgrer + 0.175 0.2 x VCCIO 0.8 x VCCIO 16 -16

11

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

SSTL-135

Class I, II

SSTL-125/ — Vger - 0.09 Vges + 0.09 — Vgee - 0.15 Vger + 0.15 0.2 X Vccio 0.8 x Vccio — —

SSTL-125

Class I, II

SSTL-12/ - Vgrer - 0.10 Vger + 0.10 - Vgrer - 0.15 Vgrer + 0.15 0.2 X Vecio 0.8 X Vccio — —

SSTL-12

Class I, II

HSTL-18 Class 1 —_ Vgrer -0.1 Vgrer + 0.1 —_ Vgrer - 0.2 Vger + 0.2 0.4 VCCIO -0.4 8 -8

HSTL-18 Class - Vger — 0.1 Vger + 0.1 - Vgrer — 0.2 Vgreg + 0.2 0.4 Vecio - 0.4 16 -16

II

HSTL-15 Class I - Vger - 0.1 Vger + 0.1 - Vger - 0.2 Vger + 0.2 0.4 Vecio - 0.4 8 -8

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

II

HSTL-12 Class I | -0.15 |  Vagr - 0.08 Veer + 0.08 Veco + 0.15 Vegr - 0.15 Vier + 0.15 0.25 x Veeno 0.75 x Veero 8 -8

continued...

(31) To meet the I, and Ipy 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 ViLocy (V) Vin(oc) (V) ViL(ac) (V) Vincac) (V) Vo (V) Von (V) IoL GV [Igy (3V)
(mA) (mA)
Min Max Min Max Max Min Max Min
HSTL-12 Class | -0.15 Vger - 0.08 Vrer + 0.08 Veero + 0.15 VRer - 0.15 Vger + 0.15 0.25 x Vecio 0.75 x Vecio 16 -16
II
HSUL-12 - Vger - 0.13 Vrer + 0.13 — VRer - 0.22 Vrer + 0.22 0.1 x Vecio 0.9 x Vecio - —
POD12 -0.15 Vger - 0.08 Vrer + 0.08 Veero + 0.15 Vger - 0.15 Vger + 0.15 (0.7 - 0.15) x (0.7 + 0.15) x - —
Vecio Vecio
Differential SSTL 1/0 Standards Specifications
Table 17. Differential SSTL I/0 Standards Specifications for Intel Arria 10 Devices
I/0 Standard Vecro (V) Vswing(pc) (V) Vswing(ac) (V) Vixac) (V)
Min Typ Max Min Max Min Max Min Typ Max
SSTL-18 Class 1.71 1.8 1.89 0.25 Vecio + 0.6 0.5 Vecio + 0.6 Veero/2 - 0.175 — Veco/2 +
I, 1I 0.175
SSTL-15 Class 1.425 1.5 1.575 0.2 (32) Z(VIH(AC) - 2(VREF - VCCIO/2 -0.15 - VCCIO/Z + 0.15
L1 VRer) Viac))
SSTL-135/ 1.283 1.35 1.45 0.18 G2 2(ViHeag) - 2(ViL(ag) - Vecio/2 - 0.15 Vecro/2 Vecio/2 + 0.15
SSTL-135 VReF) VRer)
Class I, II

Intel® Arria® 10 Device Datasheet

A10-DATASHEET | 2022.02.14

continued...

(31) 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 Iy specifications in the datasheet.

(32) The maximum value for Vswing(pc) is not defined. However, each single-ended signal needs to be within the respective single-ended
limits (VIH(DC) and VIL(DC))-
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I/0 standard Vecio (V) Vswine(pc) (V) Vswing(ac) (V) Vix(ac) (V)

Min Typ Max Min Max Min Max Min Typ Max
SSTL-125/ 1.19 1.25 1.31 0.18 ¢2) 2(Vingac) - 2(Vigac) - Veeo/2 - 0.15 Veero/2 Veao/2 + 0.15
SSTL-125 Virer) Virer)
Class I, II
SSTL-12/ 1.14 1.2 1.26 0.16 ¢2) 2(Vingac) - 2(ViLgac) - Vier - 0.15 Veeo/2 Vpee + 0.15
SSTL-12 VRer) VRer)
Class I, II
POD12 1.16 1.2 1.24 0.16 — 0.3 — Vrer — 0.08 — Vrer + 0.08

Differential HSTL and HSUL I/0 Standards Specifications

Table 18. Differential HSTL and HSUL I/0O Standards Specifications for Intel Arria 10 Devices

I/0 Standard Vcero (V) Vbrr(pc) (V) Vbir(ac) (V) Vixcac) (V) Vemepe) (V)
Min Typ Max Min Max Min Max Min Typ Max Min Typ Max
HSTL-18 Class 1.71 1.8 1.89 0.2 — 0.4 — 0.78 — 1.12 0.78 — 1.12
I, 11
HSTL-15 Class 1.425 1.5 1.575 0.2 — 0.4 — 0.68 — 0.9 0.68 — 0.9
I, 11
HSTL-12 Class | 1.14 | 1.2 | 1.26 0.16 Veeo + 0.3 Veao + - 0.5 x - 0.4 x 0.5 x 0.6 x
I, 11 0.3 0.48 Vceio Veeio Vceio Veeio
HSUL-12 1.14 1.2 1.3 Z(VIH(DC) - 2(VREF - 2(VIH(AC) - Z(VREF - 0.5 x 0.5 x 0.5 x 0.4 x 0.5 x 0.6 x
REF) ViH(oc)) VRer) Vin(ac)) Veero - Veero Vecro Vecro Vecio Veero
0.12 +0.12
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Differential I/0 Standards Specifications

Table 19. Differential I/0 Standards Specifications for Intel Arria 10 Devices

Differential inputs are powered by Vccpr Which requires 1.8 V.

I/0 standard Vecio (V) Vip (mV) G3) Viem(oc) (V) Vop (V) G4 Vocm (V) G4
Min Typ Max Min Condition Max Min Condition Max Min Typ Max Min Typ Max
LVDS (33) 1.71 1.8 1.89 100 Vem = — 0 Dmax 1.85 0.247 - 0.6 1.125 1.25 1.375
1.25Vv <700 Mbps
1 Dmax 1.6
>700 Mbps
RSDS (36) 1.71 1.8 1.89 100 Vem = — 0.3 — 1.4 0.1 0.2 0.6 0.5 1.2 1.4
1.25Vv
Mini-LVDS (37) 1.71 1.8 1.89 200 — 600 0.4 . 1.325 0.25 — 0.6 1 1.2 1.4
LVPECL (38) 1.71 1.8 1.89 300 — — 0.6 Dmax 1.7 — - — — — —
<700 Mbps
1 Dmax 1.6
>700 Mbps

Related Information

Transceiver Specifications for Intel Arria 10 GX, SX, and GT Devices on page 29
Provides the specifications for transmitter, receiver, and reference clock I/O pin.

(33) The minimum V|p value is applicable over the entire common mode range, Vcy.
(3%) R_range: 90 < R, < 110 Q.

(35) For optimized LVDS receiver performance, the receiver voltage input range must be within 1.0 V to 1.6 V for data rates above 700
Mbps and 0 V to 1.85 V for data rates below 700 Mbps.

(36) For optimized RSDS receiver performance, the receiver voltage input range must be between 0.25V to 1.45 V.
(37) For optimized Mini-LVDS receiver performance, the receiver voltage input range must be between 0.1 V to 1.625 V.

(38) 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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Switching Characteristics

This section provides the performance characteristics of Intel Arria 10 core and periphery blocks for extended grade devices.
Transceiver Performance Specifications

Transceiver Performance for Intel Arria 10 GX/SX Devices

Table 20. Transmitter and Receiver Data Rate Performance
Symbol/Description Condition Transceiver Speed | Transceiver Speed | Transceiver Speed | Transceiver Speed Unit
Grade 1 Grade 2 Grade 3 Grade 4
Maxi
aximum data rate 17.4 15 14.2 12.5 Gbps
Veer_exs = Veer_exs = 1.03 V
Chip-to-Chip (39 Maximum data rate
11.3 11.3 11.3 11.3 Gbps
Veer_exs = Veer_axs = 0.95V
Minimum Data Rate 1.0 (40) Gbps
Maxi dat t
aximum data rate 12.5 12.5 12.5 10.3125 Gbps
Backplane (39) Veer_exs = Veer_exs = 1.03 V
Minimum Data Rate 1.0 (40) Gbps
Table 21. ATX PLL Performance
Symbol/Description Condition Transceiver Speed Transceiver Speed Transceiver Speed Transceiver Speed Unit
Grade 1 Grade 2 Grade 3 Grade 4
Supported Output Maximum Frequency 8.7 7.5 7.1 6.25 GHz
Frequency Minimum Frequency 500 MHz

(39) Backplane applications assume advanced equalization circuitry, such as decision feedback equalization (DFE), is enabled to
compensate for signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require

DFE.

(40) Intel Arria 10 transceivers can support data rates down to 125 Mbps with over sampling.
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Table 22. Fractional PLL Performance
L . Transceiver Speed Transceiver Speed Transceiver Speed Transceiver Speed -
Symbol/Description Condition Grade 1 Grade 2 Grade 3 Grade 4 Unit
Supported Output Maximum Frequency 6.25 6.25 6.25 6.25 GHz
Frequency Minimum Frequency 500 MHz
Table 23. CMU PLL Performance
L ., Transceiver Speed Transceiver Speed Transceiver Speed Transceiver Speed -
Symbol/Description Condition Grade 1 Grade 2 Grade 3 Grade 4 Unit
Supported Output Maximum Frequency 5.15625 5.15625 5.15625 5.15625 GHz
Frequency Minimum Frequency 2450 MHz
Related Information
Transceiver Power Supply Operating Conditions on page 10
High-Speed Serial Transceiver-Fabric Interface Performance for Intel Arria 10 GX/SX Devices
Table 24. High-Speed Serial Transceiver-Fabric Interface Performance for Intel Arria 10 GX/SX Devices
The frequencies listed are the maximum frequencies.
Symbol/Description Condition (V) Core Speed Grade with Power Options Unit
-E1H -E2 / -12 -E3 / -13
20-bit interface - FIFO Vce = 0.9/0.95 516 400 400 MHz
20-bit interface - Registered Vce = 0.9/0.95 491 400 400 MHz
32-bit interface - FIFO Vee = 0.9/0.95 441 404 335 MHz
32-bit interface - Registered Vcc = 0.9/0.95 441 404 335 MHz
64-bit interface - FIFO Vce = 0.9/0.95 272 234 222 MHz
64-bit interface - Registered Vce = 0.9/0.95 272 234 222 MHz
PCIe Gen3 HIP-Fabric interface Vce = 0.9/0.95 300 250 125 MHz
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Transceiver Performance for Intel Arria 10 GT Devices

Table 25. Transmitter and Receiver Data Rate Performance

Symbol/Description Condition Transceiver Speed |Transceiver Speed Unit
Grade 1 Grade 2
Chip-to-chip (41 Maximum data rate GT Channel (42) 25.8 25.8 Gbps
V =V, =1.12V
CCR_GXB = TCCT_GXB GX Channel 17.4 15 Gbps
Maxi t t
aximum data rate GX Channel 16 14.2 Gbps
Veer_exe = Veer_exs = 1.03 V
Maximum data rate GX Channel 11.3 11.3 Gbps
Veer_exs = Veer_exs = 0.95V
Minimum data rate GT Channel
1.0 43) Gbps
GX Channel
(41) i
Backplane Maximum data rate GX Channel 12.5 12.5 Gbps
Veer_exs = Veer_exs = 1,12V
Maximum data rate GX Channel 12.5 12.5 Gbps
Veer_exs = Veer_exs = 1.03 V
Minimum data rate GX Channel 1.0 43) Gbps
Table 26. ATX PLL Performance
Symbol/Description Condition Transceiver Speed Grade 1 Transceiver Speed Grade 2 Unit
Maximum frequency 12.9 GHz
Supported Output Frequency
Minimum frequency 500 MHz

(41) Backplane applications assume advanced equalization circuitry, such as decision feedback equalization (DFE), is enabled to
compensate for signal impairments. Chip-to-chip links are assumed to be applications with short reach channels that do not require
DFE.

(42) GT channels can only achieve 25.8 Gbps when Vcer gxg = 1.12 V and Veer gxs = 1.12 W

(43) Intel Arria 10 transceivers can support data rates down to 125 Mbps with over sampling.
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Table 27. Fractional PLL Performance

Symbol/Description Condition Transceiver Speed Grade 1 Transceiver Speed Grade 2 Unit

Maximum frequency 6.25 GHz
Supported Output Frequency

Minimum frequency 500 MHz

Table 28. CMU PLL Performance

Symbol/Description Condition Transceiver Speed Grade 1 Transceiver Speed Grade 2 Unit

Maximum frequency 5.15625 GHz
Supported Output Frequency

Minimum frequency 2450 MHz

Related Information

Transceiver Power Supply Operating Conditions on page 10

High-Speed Serial Transceiver-Fabric Interface Performance for Intel Arria 10 GT Devices

Table 29. High-Speed Serial Transceiver-Fabric Interface Performance for Intel Arria 10 GT Devices
The frequencies listed are the maximum frequencies.

Symbol/Description Condition (V) Core Speed Grade with Power Options Unit
-1 -2
20-bit interface - FIFO Vce = 0.9/0.95 400 MHz
20-bit interface - Registered Vce = 0.9/0.95 400 MHz
32-bit interface - FIFO Vce = 0.9/0.95 404 MHz
32-bit interface - Registered Vcc = 0.9/0.95 404 MHz
64-bit interface - FIFO Vce = 0.9/0.95 407 MHz
64-bit interface - Registered Vce = 0.9/0.95 407 MHz
PCIe Gen3 HIP-Fabric interface Vee = 0.9/0.95 250 MHz
Arria® 10 Device Datasheet D Send Feedback
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Transceiver Specifications for Intel Arria 10 GX, SX, and GT Devices

Table 30. Reference Clock Specifications

Symbol/Description Condition All Transceiver Speed Grades Unit
Min Typ Max
Supported I/O Standards Dedicated reference clock pin CML, Differential LVPECL, LVDS, and HCSL
RX reference clock pin CML, Differential LVPECL, and LVDS
Input Reference Clock Frequency 61 - 800 MHz
(CMU PLL)
Input Reference Clock Frequency 100 — 800 MHz
(ATX PLL)
Input Reference Clock Frequency 25 (449 / — 800 MHz
(fPLL PLL) 50 (45)
Rise time 20% to 80% — — 400 ps
Fall time 80% to 20% - - 400 ps
Duty cycle - 45 - 55 %
Spread-spectrum modulating clock frequency PCIe 30 — 33 kHz
Spread-spectrum downspread PCIe — 0 to -0.5 — %
On-chip termination resistors — - 100 — Q
Absolute Vyax Dedicated reference clock pin — — 1.6 \%
RX reference clock pin — — 1.2 Y
Absolute Vyvin — -0.4 — — \
Peak-to-peak differential input voltage - 200 - 1600 mV
Viem (AC coupled) Veer gxs = 0.95V — 0.95 — \Y
continued...

(44) This specification is for HDMI mode only.

(45) This specification is for other non-HDMI modes.
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Symbol/Description Condition All Transceiver Speed Grades Unit
Min Typ Max
Veer oxs = 1.03 V - 1.03 - \%
Veer exg = 1,12V - 1.12 - \Y
Viem (DC coupled) HCSL I/0 standard for PCle 250 — 550 mV
reference clock
Transmitter REFCLK Phase Noise (622 MHz) (46) 100 Hz — — -70 dBc/Hz
1 kHz — — -90 dBc/Hz
10 kHz - — -100 dBc/Hz
100 kHz — — -110 dBc/Hz
> 1 MHz — — -120 dBc/Hz
Transmitter REFCLK Phase Jitter (100 MHz) 1.5 MHz to 100 MHz (PCle) — — 4.2 ps (rms)
Rrer - - 2.0k £1% - Q
Tssc-MAX-PERIOD-SLEW Max SSC df/dt 0.75

Table 31. Transceiver Clocks Specifications

All Transceiver Speed Grades

Symbol/Description Condition Unit
Min Typ Max
CLKUSS pin for transceiver Transceiver Calibration 100 - 125 MHz
calibration
reconfig clk Reconfiguration interface 100 - 125 MHz

(46) To calculate the REFCLK phase noise requirement at frequencies other than 622 MHz, use the following formula: REFCLK phase noise
at f (MHz) = REFCLK phase noise at 622 MHz + 20*log(f/622).
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Table 32. Transceiver Clock Network Maximum Data Rate Specifications
Clock Network Maximum Performance (47) Channel Span Unit
ATX fPLL CMU
x1 17.4 12.5 10.3125 6 channels in a single Gbps
bank
x6 17.4 12.5 N/A 6 channels in a single Gbps
bank
PLL feedback 17.4 12.5 N/A Side-wide Gbps
compensation mode
xN at 0.95 V Vcer_cxe/ 10.5 10.5 N/A Up two banks and down Gbps
Veer oxe two banks (47) (48)
xN at 1.03 V Vcer_cxe/ 15.0 12.5 N/A Up two banks and down Gbps
Veer_cxs two banks(47) (48)
xN at 1.12 V Vecr_cxs/ 16.0 12.5 N/A Up two banks and down Gbps
Veer_cxs two banks(47) (48)
Table 33. Receiver Specifications
Symbol/Description All Transceiver Speed Grades
Condition Unit
Min Typ Max
Supported I/0O Standards — High Speed Differential I/0, CML , Differential LVPECL , and LVDS(49)
Absolute \./MA’_é,Ofor a _ _ _ 1.2 v
receiver pin (50)
Absolute \-/MINsofor a _ 0.4 _ _ v
receiver pin (50
continued...

(47) The maximum data rate depends on speed grade.

(48) For more information, refer to the PLLs and Clock Networks chapter of the Intel Arria 10 Transceiver PHY User Guide.
(49) CML, Differential LVPECL, and LVDS are only used on AC coupled links.

(50) The device cannot tolerate prolonged operation at this absolute maximum.
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Symbol/Description All Transceiver Speed Grades
Condition Unit
Min Typ Max

Maximum peak-to-peak
differential input voltage _ _ _ 1.6 v
Vip (diff p-p) before device ’
configuration
Maximum peak-to-peak Veer_exe = 1.12V - - 2.0 v
differential input voltage _ _ _
Vip (diff p-p) after device Vecr oxe = 1.03V 2.0 v
configuration Veer 6xg = 0.95 V _ _ 2.4 v
Minimum differential eye
opening at receiver serial — 50 — — mV
input pins (51)
Differential on-chip 85-Q setting - 85 + 30% —
termination resistors 100-Q setting _ 100 + 30% _

VCCR?GXB =0.95V —_ 600 —_ mV
?éIZC)M (AC and DC coupled) Ve oxg = 1.03 V _ 200 _ mv

Veer gxg = 1.12V — 700 — mV
t () - — — 10 us
ENCD) — 4 — — Hs
tLTD_manuaI(ss) - 4 - - Hs

continued...

(51)

(52)

(53)

(54)

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

Intel Arria 10 devices only support DC coupling when using the Hybrid Memory Cube (HMC) or the Intel QuickPath Interconnect (QPI)
specifications.

tirr 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.
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Symbol/Description All Transceiver Speed Grades
Condition Unit
Min Typ Max

tirR_1TD_manual®® - 15 — — s
Run Length — — — 200 Ul

PCIe-only -300 — 300 PPM
CDR PPM tolerance

All other protocols -1000 - 1000 PPM
Programmable DC Gain Setting = 0-4 0 - 10 dB
Programmable AC Gain at
High Gain mode and Data A _
Rate < 6 Gbps with 0.95 v | Setting = 0-28 0 19 dB
Veer
Programmable AC Gain at
High Gain mode and Data Al _
Rate < 6 Gpbs with 1.03 v | S€tting = 0-28 0 21 dB
Veer
Programmable AC Gain at
High Gain mode and Data A _
Rate < 17.4 Gpbs with Setting = 0-28 0 17 dB
1.03 V Veer
Programmable AC Gain at A _
High Data Rate mode Setting = 0-15 0 8 dB

(55) 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.

(56) 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.
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Table 34. Transmitter Specifications
Symbol/Description All Transceiver Speed Grades
Condition Unit
Min Typ Max
Supported I/0 Standards — High Speed Differential 1/0 (57) —
Differential on-chip 85-Q setting — 85 + 20% —
termination resistors 100-Q setting _ 100 £ 20% _
Veer = 0.95 V — 450 — mv
Vocm (AC coupled) Veer = 1.03V — 500 — mV
Veer = 112V — 550 — mv
Veer = 095V — 450 — mv
Vocm (DC coupled) Veer = 1.03V — 500 — mV
Veer = 112V — 550 — mv
Rise time (58) 20% to 80% 20 — 130 ps
Fall time (58) 80% to 20% 20 — 130 ps
gggt)ra—differential pair skew :;(teygzt:n%.ifv and slew _ _ 15 ps
SLEW_RS5 (60)

(57) High Speed Differential I/0 is the dedicated I/0 standard for the transmitter in Intel Arria 10 transceivers.

(58) The Intel Quartus Prime software automatically selects the appropriate slew rate depending on the design configurations.

(59) In QPI mode, if Vcm < 0.17 V, the input Vid must be greater than 100 mV. If Vem > 0.17 V, the input Vid must be greater than 70 mV.

(60) SLEW_R1 is the slowest and SLEW_RS5 is the fastest. SLEW_R6 and SLEW_R7 are not used.
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Table 35. Typical Transmitter Vop Settings

altera.

Symbol Vop Setting Vop-to-Vccr Ratio
31 1.00
30 0.97
29 0.93
28 0.90
27 0.87
26 0.83
25 0.80
24 0.77
23 0.73
22 0.70

Vop differential value = Vgp-to-Vccr ratio x Veer
21 0.67
20 0.63
19 0.60
18 0.57
17 0.53
16 0.50
15 0.47
14 0.43
13 0.40
12 0.37
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Table 36. Transmitter Channel-to-channel Skew Specifications

Mode Channel Span Maximum Skew Unit
x6 Clock Up to 6 channels in one bank 61 ps
XN Clock Within 2 banks 230 ps
Up 2 banks and down 2 banks 500
PLL Feedback Compensation (61), (62) (63) | Side-wide 1600 ps

Related Information
PLLs and Clock Networks

Core Performance Specifications

Clock Tree Specifications

Table 37. Clock Tree Performance for Intel Arria 10 Devices

Parameter Performance (All Speed Grades) Unit
Global clock, regional clock, and small periphery clock 644 MHz
Large periphery clock 525 MHz

(61) refclk is set to 125 MHz during the test.

(62) You can reduce the lane-to-lane skew by increasing the reference clock frequency.

(63) The middle refclk location provides the lowest lane-to-lane skew.

Arria® 10 Device Datasheet C] Send Feedback

36



Intel® Arria® 10 Device Datasheet

A10-DATASHEET | 2022.02.14 qlterd

PLL Specifications
Fractional PLL Specifications

Table 38. Fractional PLL Specifications for Intel Arria 10 Devices

Symbol Parameter Condition Min Typ Max Unit
fIn Input clock frequency - 30 — 800 (64 MHz
finpFD Input clock frequency to the phase - 30 - 700 MHz
frequency detector (PFD)

fcasc_ineFD Input clock frequency to the PFD of — 30 — 60 MHz
destination cascade PLL

fuco PLL voltage-controlled oscillator (VCO) — 6 — 14.025 GHz
operating range

temnpuTY Input clock duty cycle — 45 — 55 %

fout Output frequency for internal global or - - - 644 MHz

regional clock

foYCONFIGCLK Dynamic configuration clock for — — — 100 MHz
reconfig_clk

tLock Time required to lock from end-of-device — — — 1 ms
configuration or deassertion of
pll powerdown

toLock Time required to lock dynamically (after — — — 1 ms
switchover or reconfiguring any non-post-
scale counters/delays)

feew PLL closed-loop bandwidth — 0.3 — 4 