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Stratix® 10 Device Datasheet

This datasheet describes the electrical characteristics, switching characteristics, configuration specifications, and timing for Stratix® 10 devices.

Table 1. Stratix 10 Device Grades and Speed Grades Supported
Device Grade Speed Grade Supported
Extended e -E1V (fastest)
e -E2V
e -E2L
e -E3V
e -E3X
Industrial o -I1V
o -I2V
o -I2L
o -I3V
e -I3X
Commercial e -C2L

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

e V—SmartVID with standard static power. For “V” suffix devices, both Vcc and Vccp must share the same SmartVID regulator. Vec_nps can share
the same SmartVID regulator or can use a separate fixed voltage regulator.

e | —0.85V fixed voltage with low static power
e X—0.85V fixed voltage with lowest static power

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

*QOther names and brands may be claimed as the property of others.
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Table 2. Datasheet Status for Stratix 10 Devices
Variant Datasheet Status
Stratix 10 GX Final
Stratix 10 SX Final
Stratix 10 TX Final
Stratix 10 MX Final
Stratix 10 DX Final

Electrical Characteristics

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

Operating Conditions

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

Absolute Maximum Ratings

This section defines the maximum operating conditions for Stratix 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 3. Absolute Maximum Ratings for Stratix 10 Devices

Symbol Description Condition Minimum Maximum Unit
Vee Core voltage power supply — -0.50 1.26 Y
Veep Periphery circuitry and transceiver fabric interface power supply — -0.50 1.26 \%
VcceraM Embedded memory and digital transceiver power supply — -0.50 1.24 \%
Veert Power supply for programmable regulator and 1/O pre-driver - -0.50 2.46 \Y
Veepat Battery back-up power supply for design security volatile key register — -0.50 2.46 Vv
Vccio spm Configuration pins power supply — -0.50 2.19 \%

- continued...
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Symbol Description Condition Minimum Maximum Unit
Vccio I/0 buffers power supply (except for 1ISGO40HF35 and 1SX040HF35 banks 3VI/O -0.50 4.10 \
3C and 3D)
LvDS 1/0 (1) -0.50 2.19 Vv
Veciose I/0 buffers power supply for 1SG040HF35 and 1SX040HF35 devices bank — -0.50 3.63 Y
3C only
Vccio3p I/0 buffers power supply for 1SG040HF35 and 1SX040HF35 devices bank — -0.50 1.98 \Y
3D only
Veea piL Phase-locked loop (PLL) analog power supply - -0.50 2.46 \
VcepLLDIG_SpM Secure Device Manager (SDM) block PLL digital power supply — -0.50 1.21 Y
VcepLL_spm SDM block PLL analog power supply — -0.50 2.19 \Y
VCCFUSEWR_SDM Fuse block writing power supply — -0.50 3.19 \Y
Vccapc ADC voltage sensor power supply - -0.50 2.19 \
Vecio_uis Power supply for the Universal Interface Bus between the core and — -0.30 1.50 Y

embedded HBM2 memory

Vcem_ worp Power supply for the embedded HBM2 memory — -0.30 3.00 Vv
Veer exs Transmitter analog power supply — -0.50 1.47 \Y
Vcer_exB Receiver analog power supply — -0.50 1.47 \Y
VeeH_Gxs Transmitter output buffer power supply — -0.50 2.46 Y
VCCeRT GXE E-tile transceiver power supply — -0.50 1.21 \Y
VCCRTPLL_GXE E-tile transceiver PLL power supply — -0.50 1.21 \Y
VceH_Gxe E-tile transceiver analog power supply — -0.50 1.47 \%
Veeelk_Gxe E-tile transceiver LVPECL REFCLK power supply — -0.50 3.41 Vv
VcerT Gxp P-tile transceiver power supply — -0.50 1.21 Vv
Vccruse_Gxp P-tile transceiver eFuse power supply — -0.50 1.21 \
VceH_exp P-tile transceiver analog power supply . -0.50 2.46 \%
Veeelk_exp P-tile transceiver 1/O buffer power supply — -0.50 2.46 Y
VeeL Hes HPS core voltage and periphery circuitry power supply — -0.50 1.30 \Y

- continued...

(1) The LVDS I/0 values are applicable to all dedicated and dual-function configuration I/0s.
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Symbol Description Condition Minimum Maximum Unit
Vcero_Hps HPS I/0 buffers power supply LVDS 1/0 (1) -0.50 2.19 \Y
VcepLL HPs HPS PLL power supply - -0.50 2.46 \
Vi DC input voltage 3.3VI/0O -0.30 Vcero + 0.33 \Y
3VI/O -0.30 Vceio + 0.65 Vv
LVDS I/O -0.30 Veero + 0.3 \%
Tout DC output current per pin — -15 QG (GXE) 15 mA
Absolute junction temperature for Stratix 10 MX, NX, and DX 2100 devices — -55 120 °C
T, Absolute junction temperature for Stratix 10 GX 10M device — 0 125 °C
Absolute junction temperature for all other Stratix 10 devices - -55 125 °C
Storage temperature (no bias) for Stratix 10 MX, NX, and DX 2100 devices — -55 120 °C
Tste Storage temperature (no bias) for Stratix 10 GX 10M device — 0 125 °C
Storage temperature (no bias) for all other Stratix 10 devices — -55 150 °C

Related Information

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

e Power Sequencing Considerations for Stratix 10 Devices, Stratix 10 Power Management User Guide
Provides the power sequencing requirements for Stratix 10 devices.

(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.
(%) Voltage level must not exceed 1.89 V.
(5) Applies to all I/O standards and settings supported by LVDS I/0 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 Cyclone® 10 GX, Arria® 10, and Stratix 10
Devices and Stratix 10 Power Management User Guide.

Stratix® 10 Device Datasheet C] Send Feedback
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Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage listed in the following table and undershoot to —1.1 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, when using Vccio = 1.8 V, a signal that overshoots to 2.44 V for LVDS I/O can only be at 2.44 V for ~6% over the lifetime of the
device.

Table 4. Maximum Allowed Overshoot During Transitions for Stratix 10 Devices (for LVDS I/0)
This table lists the maximum allowed input overshoot voltage and the duration of the overshoot voltage as a percentage of device lifetime.
Symbol Description LVDS I/0 (V) (7) Overshoot Duration as % at T; = 100°C Unit
Vi (AC) AC input voltage Veero + 0.30 100 %

Vceo + 0.35 60 %
Vecio + 0.40 30 %
Veero + 0.45 20 %
Veeio + 0.50 10 %
Vceio + 0.55 6 %
> Vccio + 0.55 No overshoot allowed -

Table 5. Maximum Allowed Overshoot During Transitions for Stratix 10 Devices (for 3 V I/0)

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

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

Vi (AC) AC input voltage Vcero + 0.65 100 %
Veero + 0.70 42 %

Vecro + 0.75 18 %

Vcero + 0.80 9 %

Vcero + 0.85 4 %

> Vecero + 0.85 No overshoot allowed —

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

D Send Feedback Stratix® 10 Device Datasheet
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Table 6. Maximum Allowed Overshoot During Transitions for Stratix 10 Devices (for 3.3 V I/0)

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

Symbol Description 3.3VI/O (V) Overshoot Duration as % at T; = 100°C Unit

Vi (AC) AC input voltage Vceio + 0.33 100 %
Vceio + 0.41 60 %

Veero + 0.47 40 %

Vceio + 0.69 10 %

Vccio + 0.95 2 %

> Vecero + 0.95 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/O toggle rate and 50% duty cycle
signal.

Figure 1. Stratix 10 Devices Overshoot Duration

A
4

Recommended Operating Conditions

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

Stratix® 10 Device Datasheet C] Send Feedback
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Recommended Operating Conditions

Table 7. Recommended Operating Conditions for Stratix 10 Devices
This table lists the steady-state voltage values expected for Stratix 10 devices. Power supply ramps must all be strictly monotonic, without plateaus.
Symbol Description Condition Minimum (8) Typical Maximum (8) Unit
Ve Core voltage power supply for Stratix 10 GX 10M -E2L, -C2L 0.85 0.88 0.91 \%
device
Core voltage power supply for all other Stratix 10 -E1v, -11V, -E2V, -12V, -E3V, - (Typical) - 30 0.8 - 0.94 (Typical) + 30 \
devices 13v 9 mV mv
-E2L, -12L, -E3X, -I3X 0.82 0.85 0.88 \Y,
Veep Periphery circuitry and transceiver fabric interface -E2L, -C2L 0.85 0.88 0.91 \'%
power supply for Stratix 10 GX 10M device
Periphery circuitry and transceiver fabric interface -E1V, -11V, -E2V, -12V, -E3V, - (Typical) - 30 0.8 - 0.94 (Typical) + 30 \%
power supply for all other Stratix 10 devices 13v ) mV mV
-E2L, -I2L, -E3X, -I3X 0.82 0.85 0.88 \Y
Vccio_spm Configuration pins power supply 1.8V 1.71 1.8 1.89 \%
VcepLLpiG_spMm Secure Device Manager (SDM) block PLL digital — 0.87 0.9 0.93 \'%
power supply
VcepLL spbMm SDM block PLL analog power supply . 1.71 1.8 1.89 \%
VCcFUSEWR_SDM Fuse block writing power supply — 2.35 2.4 2.45 \
Veeapc ADC voltage sensor power supply — 1.71 1.8 1.89 \%
VcCERAM Embedded memory and digital transceiver power 0.9V 0.87 0.9 0.93 Vv
supply
Veegar (10) Battery back-up power supply (For design security — 1.2 - 1.8 \%
volatile key register)
continued...

(8) This value describes the required voltage measured between the PCB power and ground ball during normal device operation. The voltage
ripple includes both regulator DC ripple and the dynamic noise. Refer to power distribution network (PDN) tool for PCB power distribution

network design.

(®) The use of Power Management Bus (PMBus*) voltage regulator dedicated to Stratix 10 SmartVID devices is mandatory for V¢ and Vccp. The
PMBus voltage regulator and Stratix 10 SmartVID devices are connected via PMBus.

(10) Altera recommends connecting Vcegar to @ 1.8 V power supply if you do not use the design security feature in Stratix 10 devices.

D Send Feedback
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Symbol Description Condition Minimum (8) Typical Maximum (8) Unit
Vet Power supply for programmable regulator and I/O 1.8V 1.71 1.8 1.89 \%
pre-driver
Vccio I/0 buffers power supply for LVDS 1I/0 (except for 1.8V 1.71 1.8 1.89 \
1SG040HF35 and 1SX040HF35 banks 3C and 3D)
1.5V 1.425 1.5 1.575 \Y,
1.35V 1.283 1.35 1.45 \%
1.25V 1.19 1.25 1.31 \%
1.2V 1.14 1.2 1.26 \Y
Vcciosv I/0 buffers power supply for 3 V I/O 3.0V 2.85 3 3.15 \Y,
2.5V 2.375 2.5 2.625 \Y,
1.8V 1.71 1.8 1.89 \%
1.5V 1.425 1.5 1.575 \Y
1.2V 1.14 1.2 1.26 \Y,
Veciose I/0 buffers power supply for 1SG040HF35 and 3.3V 3.135 3.3 3.465 \Y
1SX040HF35 devices bank 3C only
3.0V 2.85 3 3.15 \Y,
Vccio3p I/0 buffers power supply for 1SG040HF35 and 1.8V 1.71 1.8 1.89 \%
1SX040HF35 devices bank 3D only
Vecio_uis Power supply for the Universal Interface Bus 1.2V 1.17 1.2 1.23 Vv
between the core and embedded HBM2 memory
Vcem worp Power supply for the embedded HBM2 memory — 2.4 2.5 2.6 Vv
Veea piL PLL analog voltage regulator power supply — 1.71 1.8 1.89 \Y
vy (11)(12) DC input voltage 3.3VI/O -0.3 — Vcero + 0.33 \Y
continued...

(8) This value describes the required voltage measured between the PCB power and ground ball during normal device operation. The voltage
ripple includes both regulator DC ripple and the dynamic noise. Refer to power distribution network (PDN) tool for PCB power distribution

network design.

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

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

value.

Stratix® 10 Device Datasheet
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Symbol Description Condition Minimum (8) Typical Maximum (8) Unit
3VI/O -0.3 — Vcero + 0.65 \%
LVDS 1/0 -0.3 - Veero + 0.3 v
Vo Output voltage — 0 — Veeio \%
Operating junction temperature for Stratix 10 MX, Extended (13) 0 - 100 (14) °C
NX, and DX 2100 devices
Operating junction temperature for Stratix 10 GX Commercial 25 — 85 °C
10M device
T Extended 0 — 100 °C
3
Operating junction temperature for all other Extended 0 — 100(15) °C
Stratix 10 devices
Industrial -40 (-20 for - 100(13) °C
E-tile devices)
(16)
tramp (172(18)(19) Power supply ramp time Standard POR 200 s — 100 ms —

(8) This value describes the required voltage measured between the PCB power and ground ball during normal device operation. The voltage
ripple includes both regulator DC ripple and the dynamic noise. Refer to power distribution network (PDN) tool for PCB power distribution
network design.

(13) stratix 10 MX, NX, and DX 2100 devices are generally offered in Extended temperature range only. If Industrial temperature range is
required, note that you can configure these devices at less than 0°C, but the HBM2 interface is held in reset and is not calibrated until T,
reaches 0°C. Contact your Altera sales representative for the availability of Stratix 10 MX, NX, and DX 2100 Industrial temperature range
devices.

(14) Recommended maximum operating temperature for HBM2 is 95°C.

(15) For Stratix 10 GX, SX, TX, and DX, the temperature excursion of these devices is allowed to operate between 100°C and 110°C for short
periods of time. For more information, refer to AN 950: Temperature Excursions for Stratix 10 and Agilex™ 7 F-Series Device Families.

(18) E-Tile supports an operating temperature range of -40°C to 100°C. However, the E-tile transceivers may experience a higher error rate from
-40°C to -20°C because of the calibration procedure when starting at a low temperature. Therefore, the recommended operating
temperature range for E-tile protocol-compliant transceiver links is —=20°C to 100°C. The environmental temperature ramp rate for the device
is limited to 2°C per minute, otherwise, the device would not be compliant and may lead to link activity failure.

(A7) tramp is the ramp time of each individual power supply, not the ramp time of all combined power supplies.

(18) To support AS fast mode, all power supplies to the Stratix 10 device must be fully ramped-up within 10 ms to the recommended operating
conditions.

D Send Feedback
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Related Information

AN 950: Temperature Excursions for Stratix 10 and Agilex 7 F-Series Device Families

Transceiver Power Supply Operating Conditions

Table 8. Transceiver Power Supply Operating Conditions for Stratix 10 L-Tile Devices in a Non-Bonded Configuration
Symbol Description Datarate Minimum Typical Maximum Unit
Veer exeiL,r) and Chip-to-chip (20 1.0 Gbps to 26.6 Gbps (1) | 1.1 1.12 1.14 \%
VeeR_GXBIL,R] (22)
(12.2(; Gbps to 17.4 Gbps 1) | 1.0 1.03 (23) 1.06 v
Backplane (24) 1.0 Gbps to 12.5 Gbps ?1) | 1.0 1.03 (29, (23) 1.06 \%
VCeH_GXBILR] Transceiver high voltage — 1.71 (26) 1.8 1.89 \%

power

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

St

To support AS normal mode, Vccig _spm of the Stratix 10 device must be fully ramped-up within 10 ms to the recommended operating
condition.

Chip-to-chip refers to transceiver links that are short reach and do not require advanced equalization such as decision feedback equalization
(DFE).

Stratix 10 transceivers can support data rates below 1.0 Gbps through over sampling.

Bonded channels operating at datarates above 16.0 Gbps require 1.12 V £20 mV at the pin. For channels that are placed on the same tile as
the channels that require 1.12 V £20 mV, VCCR_GXB and VCCT_GXB =1.12V £20 mV.

For a 1.03-V typical voltage, the maximum/minimum should be £ 30 mV; hence, Vyax = 1.06 V. However, when these channels share the
power supply with channels requiring a 1.12-V typical voltage, these channels should increase typical voltage to 1.12 V, with a maximum/
minimum £ 20 mV; hence Vyax = 1.14 V.

Backplane applications refer to ones which require advanced equalization, such as DFE enabled, to compensate for channel loss.

Refer to the Quartus® Prime Pro Edition software for the typical nominal value.

In an optical transfer network (OTN) application, the minimum VCCH voltage specification at the package pin is 1.77 V.

ratix® 10 Device Datasheet D Send Feedback
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Table 9. Transceiver Power Supply Operating Conditions for Stratix 10 L-Tile Devices in a Bonded Configuration
Symbol Description Datarate Minimum Typical Maximum Unit
Vcer exelLRr) and Chip-to-chip (20 1.0 Gbps to 16.0 Gbps (21) 1.0 1.03 (23) 1.06 \%
VCCR_GXBIL,R]
> 16.0 Gbps to 17.4 Gbps (21) 1.1 1.12 1.14 \%
(22)
Backplane (24 1.0 Gbps to 12.5 Gbps (21 1.0 1.03 (29), (23) 1.06 \%
VeeH_GXBILR] Transceiver high — 1.71 (29) 1.8 1.89 \%

voltage power

Table 10. Transceiver Power Supply Operating Conditions for Stratix 10 H-Tile Devices in a Non-Bonded Configuration

Symbol Description Datarate Minimum Typical Maximum Unit
Veer_exeiLR] and Chip-to-chip (29and 1.0 Gbps to 28.3 Gbps 1.1 1.12 1.14 \%
VCCR_GXBIL,R] Backplane (24) (GXT) (21)

1.0 Gbps to 17.4 Gbps 1.0 1.03 (23) 1.06 Vv
(Gx) 1)
VceH_GXBILR] Transceiver high voltage | — 1.71 (26 1.8 1.89 \%
power

Table 11. Transceiver Power Supply Operating Conditions for Stratix 10 H-Tile Devices in a Bonded Configuration

Symbol Description Datarate Minimum Typical Maximum Unit
Veer_exerLr] and Chip-to-chip (29) and 1.0 Gbps to 16.0 Gbps 1) 1.0 1.03 (23) 1.06 \%
VCCR_GXBIL,R] Backplane (24)
> 16.0 Gbps to 17.4 Gbps (1) | 1.1 1.12 1.14 \%
VCCH,_GXBILR] Transceiver high voltage | — 1.71 (26) 1.8 1.89 \Y
power
Note: Most VCCR_GXB and VCCT_GXB pins associated with unused transceiver channels can be grounded on a per-tile basis to minimize

power consumption. Refer to the Stratix 10 Device Family Pin Connection Guidelines and the Quartus Prime pin report for
information about pinning out the package to minimize power consumption for your specific design.

D Send Feedback Stratix® 10 Device Datasheet
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Table 12. Transceiver Power Supply Operating Conditions for Stratix 10 E-Tile Devices
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supply

Symbol Description Minimum (27) Typical Maximum (27) Unit Noise Mask (at ball
grid array (BGA))
Veert_axe %8 Transceiver power 0.87 0.9 0.93 \% 20 mVpp (100 kHz to
3 mVpp (3 MHz to 500
MHz)
10 mVpp at 1 GHz
VeerTpLL_exe 28) Transceiver PLL power 0.87 0.9 0.93 \% 6 mVpp at 100 kHz
supply 1 mVpp (600 kHz to 10
MHz)
10 mVpp at 1 GHz
VceH_GxE Analog power supply 1.067 1.1 1.133 \ 10 mVpp (800 kHz to
500 MHz
Veeok_6xe LVPECL REFCLK power 2.375 2.5 2.625 v —

(27) 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.

(28) The difference between Vcert/Vecrteil @and Veen should be no less than 200 mV.

Stratix® 10 Device Datasheet
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Transceiver Power Supply Operating Conditions for Stratix 10 DX P-Tile Devices

altera.

The specifications below should be met at the board level via direct connection to the package power balls. Place the voltage rail (VR) sense point in the FPGA pinfield as
close as possible to the corresponding package power balls. For these rails, measure the output voltage at this remote sense location.

Symbol Description Data Rate Minimum Typical Maximum Unit

Veert_axp®?) Transceiver power Up to 16 Gbps(39) 0.87 0.90 0.93 \%
supply

Vecruse_axp®) P-tile eFuse power 0.87 0.90 0.93 \%
supply

Veeewk_axpGh G2) P-tile I/O buffer power 1.75 1.80 1.85 Y
supply

Veen_axpCh) G2 High voltage power for 1.75 1.80 1.85 Vv
Transceiver

Related Information

Stratix 10 Device Family Pin Connection Guidelines

HPS Power Supply Operating Conditions

Table 14. HPS Power Supply Operating Conditions for Stratix 10 Devices
This table lists the steady-state voltage and current values expected for Stratix 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 Stratix 10 Devices table for the steady-state voltage values
expected from the FPGA portion of the Stratix 10 SoC devices.
Symbol Description Condition Minimum Typical Maximum Unit
VceL Hps HPS core voltage and periphery circuitry power -E2L, -I2L, -E3X, -I3X 0.87 0.9 0.93 Vv
supply
0.91 0.94 0.97 \Y,
continued...
(29)

(30)

(31)

(32)

The recommended DC setpoint is 0.5% of the typical value, the recommended VR ripple and AC transient sum up to 2.5% of the typical

value.

The data rate includes Altera® PCle* Genl through Gen4 protocols and Altera UPI protocol at 9.6 Gbps and 10.4 Gbps.

The recommended DC setpoint is 0.5% of the typical value, the recommended VR ripple is 0.5% of the typical value, and the recommended
AC transient is 2% of the typical value.

Follow the more stringent tolerance range for the voltage rails connecting multiple power supplies.

D Send Feedback
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Symbol Description Condition Minimum Typical Maximum Unit
-E1V, -11V, —-E2V, -2V, -E3V, - 0.77 - 0.91 0.8 - 0.94 0.83 - 0.97 \Y
I3v 33)
0.87 0.9 0.93 \Y
0.91 0.94 0.97 \Y,
VcepLLDIG_HPS HPS PLL digital power supply -E2L, -I2L, -E3X, -I3X 0.87 0.9 0.93 \Y
0.91 0.94 0.97 \Y
-E1V, 11V, -E2V, -12V, -E3V, - 0.77 - 0.91 0.8 - 0.94 0.83 - 0.97 \Y
13v 33)
0.87 0.9 0.93 \Y,
0.91 0.94 0.97 \Y
VcepLL HPs HPS PLL analog power supply 1.8V 1.71 1.8 1.89 \%
Vccio_Hes HPS I/0 buffers power supply 1.8V 1.71 1.8 1.89 \

Related Information

e Recommended Operating Conditions on page 9
Provides the steady-state voltage values for the FPGA portion of the device.

e HPS Clock Performance on page 67
DC Characteristics

Supply Current and Power Consumption

Altera offers two ways to estimate power for your design—the FPGA Power and Thermal Calculator (PTC) and the Quartus Prime Power Analyzer
feature.

Use the PTC before you start your design to estimate the supply current for your design. The PTC provides a magnitude estimate of the device
power because these currents vary greatly with the usage of the resources.

The 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.

(33) When using the V suffix devices, the use of Power Management Bus (PMBus) voltage regulator dedicated to Stratix 10 SmartVID devices is
mandatory for Vcc and Vccp. The PMBus voltage regulator and Stratix 10 SmartVID devices are connected via PMBus. Ve wps and
VcerLipic_Hps May be connected to the PMBus voltage regulator or a fixed voltage.

Stratix® 10 Device Datasheet D Send Feedback
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I/0 Pin Leakage Current

Table 15. I/0 Pin Leakage Current for Stratix 10 Devices

Symbol Description Condition Min Max Unit
I; Input pin leakage Vi = 0 V to Vcciomax -80 80 HA
I; 3.3vi0 Input pin leakage for 3.3 V I/O pin Vi = 0V to Vcciomax -2 2 HA
Ioz Tri-stated I/0 pin leakage Vo = 0V to Vcciomax -80 80 HA

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

Table 16. Bus Hold Parameters for Stratix 10 Devices

Parameter Symbol Condition Vecio (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 - 12 - 30 - 60 - 70 - A
sustaining current (max)
Bus-hold, high, IsusH ViN < ViH -8 — -12 — -30 — -60 — -70 — A
sustaining current (min)
Bus-hold, low, TopL 0V < V< - 125 . 175 — 200 — 300 — 500 HA
overdrive current Vccio
Bus-hold, high, TobH 0V < V< — -125 — -175 — -200 — -300 — -500 HA
overdrive current Veeio
Bus-hold trip point V1rip — 0.3 0.9 0.38 1.13 0.68 1.07 0.7 1.7 0.8 2 Vv

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.

D Send Feedback Stratix® 10 Device Datasheet
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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. When
process, voltage, and temperature (PVT) conditions change after calibration, the tolerance may change.

Symbol Description Condition (V) Calibration Accuracy Unit
-E1, -I1 -E2, -I2 -E3, -I3
34-Q, 48-Q, 60-Q, 80-Q, Internal series termination with calibration Veero = 1.2 +15 +15 +15 %
120-Q, and 240-Q Rg (34-Q, 48-Q, 60-Q, 80-Q, 120-Q, and 240-Q
setting)
34-Q and 40-Q Rg Internal series termination with calibration Veero = 1.5, 1.35, 1.25, 1.2 +15 +15 +15 %
(34-Q and 40-Q setting)
25-Q and 50-Q Rg Internal series termination with calibration Vceio = 1.8, 1.5, 1.2 +15 +15 +15 %
(25-Q and 50-Q setting)
34-Q, 40-Q, 48-Q, 60-Q, 80- | Internal parallel termination with calibration POD12 I/0 standard, +15 +15 +15 %
Q, 120-Q, and 240-Q Rt (34-Q, 40-Q, 48-Q, 60-Q, 80-Q, 120-Q, and | v o = 1.2
240-Q setting)
48-Q, 50-Q, 60-Q, and 120- Internal parallel termination with calibration Veero = 1.5, 1.2 -10 to +60 -10 to +60 -10 to +60 %
Q Rt (48-Q, 50-Q, 60-Q, and 120-Q setting)
48-Q, 60-Q, and 120-Q Ry Internal parallel termination with calibration Veero = 1.25 -10 to +70 -10 to +70 -10 to +70 %
(48-Q, 60-Q, and 120-Q setting)
48-Q, 60-Q, and 120-Q Rt Internal parallel termination with calibration Veeco = 1.35 -10 to +65 -10 to +65 -10 to +65 %
(48-Q, 60-Q, and 120-Q setting)
50-Q Ry Internal parallel termination with calibration Vecio = 1.8 -10 to +50 -10 to +50 -10 to +50 %
(50-Q setting)
OCT Without Calibration Resistance Tolerance Specifications
Table 18. OCT Without Calibration Resistance Tolerance Specifications for Stratix 10 Devices
This table lists the Stratix 10 OCT without calibration resistance tolerance to PVT changes.
Symbol Description I/0 Buffer Condition (V) Resistance Tolerance Unit
Type
-E1, -I1 -E2, -12 -E3, -I3
25-Q and 50-Q Rg Internal series termination without 3VI/O Vccio = 3.0, 2.5, 1.8, 1.5, -40 to +30 +40 +40 %
calibration 1.2
(25-Q and 50-Q setting)
25-Q and 50-Q Rg Internal series termination without LVDS 1/0 Veero = 1.8, 1.5, 1.2 -20 to +35 -20 to +35 -20 to +35 %
calibration
(25-Q and 50-Q setting)
continued...
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Symbol Description I/0 Buffer Condition (V) Resistance Tolerance Unit
Type
-E1, -I1 -E2, -I2 -E3, -1I3
34-Q and 40-Q Rg Internal series termination without LVDS 1/0 Vecro = 1.5, 1.35, 1.25, -20 to +35 -20 to +35 -20 to +35 %
calibration 1.2

(34-Q and 40-Q setting)

48-Q, 60-Q, 80-Q, and Internal series termination without LVDS 1I/0 Veero = 1.2 -20 to +35 -20 to +35 -20 to +35 %
240-Q Rg calibration
(48-Q, 60-Q, 80-Q, and 240-Q setting)
100-Q Rp Internal differential termination (100-Q LVDS 1/0 Veero = 1.8 +25 +35 +40 %
setting)

Pin Capacitance

Table 19. Pin Capacitance for Stratix 10 Devices

Symbol Description Maximum Unit
Cio_coLumn Input capacitance on column I/0 pins 3.5 pF
Cro_3.3vi0 Input/output capacitance of I/0 pins 5 pF
CouTrs Input capacitance on dual-purpose clock output/feedback pins 3.5 pF

Internal Weak Pull-Up Resistor

All I/0 pins, except configuration, test, and JTAG pins, have an option to enable weak pull-up. For SDM and HPS, the configuration I/O and
peripheral I/O are supported with weak pull-up and weak pull-down options. The internal weak pull-down feature is only supported in selected HPS
and SDM I/0. The typical value for this internal weak pull-down resistor is approximately 25 kQ.

Table 20. Internal Weak Pull-Up Resistor Values for Stratix 10 Devices

Symbol Description Condition (V) Nominal Value Resistance Unit
Tolerance
Rpy Value of the I/O pin pull-up resistor before and during Veero = 3.0 £5% 25 +25% kQ
configuration, as well as user mode if you have enabled the
programmable pull-up resistor option. Vecio = 2.5 5% 25 +25% kQ
Veero = 1.8 £5% 25 +25% kQ
VCCIO = 15 i50/0 25 :l:25% kQ
continued...
D Send Feedback Stratix® 10 Device Datasheet
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Symbol Description Condition (V) Nominal Value Resistance Unit
Tolerance

Veero = 1.35 £5% 25 +25% kQ

Vcero = 1.25 £5% 25 +25% kQ

Veero = 1.2 £5% 25 +25% kQ

Related Information

e Stratix 10 Device Family Pin Connection Guidelines
Provides more information about the pins that support internal weak pull-up and internal weak pull-down features.

e Stratix 10 Configuration Pins, Stratix 10 Configuration User Guide
Provides more information about the SDM I/0 pins weak pull-up and weak pull-down features.

I/0 Standard Specifications

Tables in this section list the input voltage (Viy and Vy.), output voltage (Von and V), and current drive characteristics (Ipyq and Ip,) for various
I/0 standards supported by Stratix 10 devices.

For minimum voltage values, use the minimum Vcio 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 I/O standards.

Related Information
Recommended Operating Conditions on page 9
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Single-Ended I/0 Standards Specifications

Table 21. Single-Ended I/0 Standards Specifications for Stratix 10 Devices

I/0 standard Vccro (V) Vi (V) Viu(V) VoL (V) Vou (V) IoL 39 | Ioy (3%
(mA) (mA)
Min Typ Max Min Max Min Max Max Min

3.3 VLVTTL, 3.3V 3.135 3.3 3.465 -0.3 0.8 2 3.6 0.4 2.4 4 -4

LvCMOs %)

3.0 VLVTTL, 3.0V 2.85 3 3.15 -0.3 0.8 2 3.6 0.4 2.4 4 -4

LVCMOS (3)

3.0 VLVTTL 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 Vcero - 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 Vccio 0.65 x Vccio Vecio + 0.3 0.45 Vccio - 0.45 2 -2

1.5V 1.425 1.5 1.575 -0.3 0.35 X Vecio 0.65 X Vccio Veero + 0.3 0.25 X Vccio 0.75 X Vccio 2 -2

1.2V 1.14 1.2 1.26 -0.3 0.35 x VCCIO 0.65 x VCCIO VCCIO + 0.3 0.25 x VCCIO 0.75 x VCCIO 2 -2

Schmitt Trigger 1.71 1.8 1.89 - 0.35 X Vecio 0.65 X Vccio - - - - -

Input

(34) To meet the I, and Igy specifications, you must set the current strength settings accordingly. For example, to meet the 1.8- V LVCMOS
specification (4 mA), you should set the current strength settings to 4 mA. Setting at lower current strength may not meet the Io_and Igy
specifications in the datasheet.

(35) Specifications for 3.3 V LVTTL, 3.3 V LVCMOS, 3.0 V LVTTL, and 3.0 V LVCMOS I/0 standards supported in 1SG040HF35 or 1SX040HF35
devices I/0O bank 3C only.
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Single-Ended SSTL, HSTL, and HSUL I/0 Reference Voltage Specifications

Table 22. Single-Ended SSTL, HSTL, and HSUL I/0 Reference Voltage Specifications for Stratix 10 Devices

I/0 Standard 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 Vrer - 0.04 Vrer Veer + 0.04
Class I, II
SSTL-15 1.425 1.5 1.575 0.49 x Vccio 0.5 x Vceio 0.51 X Vecio 0.49 x Vccio 0.5 x Vecio 0.51 x Vccio
Class I, II
SSTL-135 1.283 1.35 1.45 0.49 X Vccio 0.5 X Vccio 0.51 X Vecio 0.49 X Vccio 0.5 X Vccio 0.51 x Vccio
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
SSTL-12 1.14 1.2 1.26 0.49 x Veeio 0.5 x Veceio 0.51 x Veero 0.49 x Veeio 0.5 x Veceio 0.51 x Vceio
HSTL-18 1.71 1.8 1.89 0.85 0.9 0.95 — Veeio/2 —
Class I, II
HSTL-15 1.425 1.5 1.575 0.68 0.75 0.9 — Vceio/2 —
Class I, II
HSTL-12 1.14 1.2 1.26 0.47 x VCCIO 0.5 x VCCIO 0.53 x VCCIO - VCCIO/2 —_
Class I, II
HSUL-12 1.14 1.2 1.3 0.49 x Veceio 0.5 x Veeio 0.51 x Vceio - - -
POD12 1.14 1.2 1.26 — Internally — — Vceio -

calibrated

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

Table 23. Single-Ended SSTL, HSTL, and HSUL I/0 Standards Signal Specifications for Stratix 10 Devices

I/0 Standard ViLpoey (V) V1n(pc) (V) ViL(ac)y (V) Vin(ac) (V) VoL (V) Vou (V) Io 