
Intel - 10M40SCE144I7G Datasheet

Welcome to E-XFL.COM

Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Operating Conditions

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

Absolute Maximum Ratings

This section defines the maximum operating conditions for Intel MAX 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 absolute maximum ratings tables 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.

Single Supply Devices Absolute Maximum Ratings

Table 2. Absolute Maximum Ratings for Intel MAX 10 Single Supply Devices

Symbol Parameter Min Max Unit

VCC_ONE Supply voltage for core and periphery through on-die voltage
regulator

–0.5 3.9 V

VCCIO Supply voltage for input and output buffers –0.5 3.9 V

VCCA Supply voltage for phase-locked loop (PLL) regulator and analog-to-
digital converter (ADC) block (analog)

–0.5 3.9 V

Dual Supply Devices Absolute Maximum Ratings

Table 3. Absolute Maximum Ratings for Intel MAX 10 Dual Supply Devices

Symbol Parameter Min Max Unit

VCC Supply voltage for core and periphery –0.5 1.63 V

VCCIO Supply voltage for input and output buffers –0.5 3.9 V

VCCA Supply voltage for PLL regulator (analog) –0.5 3.41 V

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

4.32 2.6 %

4.37 1.6 %

4.42 1.0 %

4.47 0.6 %

4.52 0.3 %

4.57 0.2 %

Recommended Operating Conditions

This section lists the functional operation limits for the AC and DC parameters for Intel MAX 10 devices. The tables list the
steady-state voltage values expected from Intel MAX 10 devices. Power supply ramps must all be strictly monotonic, without
plateaus.

Single Supply Devices Power Supplies Recommended Operating Conditions

Table 6. Power Supplies Recommended Operating Conditions for Intel MAX 10 Single Supply Devices

Symbol Parameter Condition Min Typ Max Unit

VCC_ONE
(1) Supply voltage for core and periphery through on-

die voltage regulator
— 2.85/3.135 3.0/3.3 3.15/3.465 V

VCCIO
(2) Supply voltage for input and output buffers 3.3 V 3.135 3.3 3.465 V

3.0 V 2.85 3 3.15 V

2.5 V 2.375 2.5 2.625 V

1.8 V 1.71 1.8 1.89 V

1.5 V 1.425 1.5 1.575 V

continued...   

(1) VCCA must be connected to VCC_ONE through a filter.

(2) VCCIO for all I/O banks must be powered up during user mode because VCCIO I/O banks are used for the ADC and I/O functionalities.
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Symbol Parameter Condition Min Typ Max Unit

1.35 V 1.2825 1.35 1.4175 V

1.2 V 1.14 1.2 1.26 V

VCCA (1) Supply voltage for PLL regulator and ADC block
(analog)

— 2.85/3.135 3.0/3.3 3.15/3.465 V

Dual Supply Devices Power Supplies Recommended Operating Conditions

Table 7. Power Supplies Recommended Operating Conditions for Intel MAX 10 Dual Supply Devices

Symbol Parameter Condition Min Typ Max Unit

VCC Supply voltage for core and periphery — 1.15 1.2 1.25 V

VCCIO (3) Supply voltage for input and output buffers 3.3 V 3.135 3.3 3.465 V

3.0 V 2.85 3 3.15 V

2.5 V 2.375 2.5 2.625 V

1.8 V 1.71 1.8 1.89 V

1.5 V 1.425 1.5 1.575 V

1.35 V 1.2825 1.35 1.4175 V

1.2 V 1.14 1.2 1.26 V

VCCA
(4) Supply voltage for PLL regulator (analog) — 2.375 2.5 2.625 V

VCCD_PLL
(5) Supply voltage for PLL regulator (digital) — 1.15 1.2 1.25 V

VCCA_ADC Supply voltage for ADC analog block — 2.375 2.5 2.625 V

VCCINT Supply voltage for ADC digital block — 1.15 1.2 1.25 V

(3) VCCIO for all I/O banks must be powered up during user mode because VCCIO I/O banks are used for the ADC and I/O functionalities.

(4) All VCCA pins must be powered to 2.5 V (even when PLLs are not used), and must be powered up and powered down at the same
time.

(5) VCCD_PLL must always be connected to VCC through a decoupling capacitor and ferrite bead.
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Series OCT without Calibration Specifications

Table 13. Series OCT without Calibration Specifications for Intel MAX 10 Devices
This table shows the variation of on-chip termination (OCT) without calibration across process, voltage, and temperature (PVT).

Description VCCIO (V) Resistance Tolerance Unit

–C7, –I6, –I7, –A6, –A7 –C8

Series OCT without calibration 3.00 ±35 ±30 %

2.50 ±35 ±30 %

1.80 ±40 ±35 %

1.50 ±40 ±40 %

1.35 ±40 ±50 %

1.20 ±45 ±60 %

Series OCT with Calibration at Device Power-Up Specifications

Table 14. Series OCT with Calibration at Device Power-Up Specifications for Intel MAX 10 Devices
OCT calibration is automatically performed at device power-up for OCT enabled I/Os.

Description VCCIO (V) Calibration Accuracy Unit

Series OCT with calibration at device power-up 3.00 ±12 %

2.50 ±12 %

1.80 ±12 %

1.50 ±12 %

1.35 ±12 %

1.20 ±12 %

OCT Variation after Calibration at Device Power-Up

The OCT resistance may vary with the variation of temperature and voltage after calibration at device power-up.

Use the following table and equation to determine the final OCT resistance considering the variations after calibration at
device power-up.
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Table 15. OCT Variation after Calibration at Device Power-Up for Intel MAX 10 Devices
This table lists the change percentage of the OCT resistance with voltage and temperature.

Description Nominal Voltage dR/dT (%/°C) dR/dV (%/mV)

OCT variation after calibration at device power-up 3.00 0.25 –0.027

2.50 0.245 –0.04

1.80 0.242 –0.079

1.50 0.235 –0.125

1.35 0.229 –0.16

1.20 0.197 –0.208

Figure 1. Equation for OCT Resistance after Calibration at Device Power-Up

For 

For 

The definitions for equation are as follows:

• T1 is the initial temperature.

• T2 is the final temperature.

• MF is multiplication factor.

• Rinitial is initial resistance.

• Rfinal is final resistance.
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• Subscript x refers to both V and T.

• ∆RV is variation of resistance with voltage.

• ∆RT is variation of resistance with temperature.

• dR/dT is the change percentage of resistance with temperature after calibration at device power-up.

• dR/dV is the change percentage of resistance with voltage after calibration at device power-up.

• V1 is the initial voltage.

• V2 is final voltage.

The following figure shows the example to calculate the change of 50 Ω I/O impedance from 25°C at 3.0 V to 85°C at 3.15 V.

Figure 2. Example for OCT Resistance Calculation after Calibration at Device Power-Up

B

1

B

Intel® MAX® 10 FPGA Device Datasheet

M10-DATASHEET | 2018.06.29

Intel® MAX® 10 FPGA Device Datasheet
13



Table 19. Hysteresis Specifications for Schmitt Trigger Input for Intel MAX 10 Devices

Symbol Parameter Condition Minimum Unit

VHYS Hysteresis for Schmitt trigger input VCCIO = 3.3 V 180 mV

VCCIO = 2.5 V 150 mV

VCCIO = 1.8 V 120 mV

VCCIO = 1.5 V 110 mV
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Single-Ended I/O Standards Specifications

Table 20. Single-Ended I/O Standards Specifications for Intel MAX 10 Devices
To meet the IOL and IOH 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 IOL and IOH specifications in the datasheet.

I/O Standard VCCIO (V) VIL (V) VIH (V) VOL (V) VOH (V) IOL (mA) IOH (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 VCCIO
+ 0.3

0.45 2.4 4 –4

3.0 V LVCMOS 2.85 3 3.15 –0.3 0.8 1.7 VCCIO
+ 0.3

0.2 VCCIO – 0.2 0.1 –0.1

2.5 V LVTTL and
LVCMOS

2.375 2.5 2.625 –0.3 0.7 1.7 VCCIO
+ 0.3

0.4 2 1 –1

1.8 V LVTTL and
LVCMOS

1.71 1.8 1.89 –0.3 0.35 ×
VCCIO

0.65 ×
VCCIO

2.25 0.45 VCCIO –
0.45

2 –2

1.5 V LVCMOS 1.425 1.5 1.575 –0.3 0.35 ×
VCCIO

0.65 ×
VCCIO

VCCIO
+ 0.3

0.25 ×
VCCIO

0.75 ×
VCCIO

2 –2

1.2 V LVCMOS 1.14 1.2 1.26 –0.3 0.35 ×
VCCIO

0.65 ×
VCCIO

VCCIO
+ 0.3

0.25 ×
VCCIO

0.75 ×
VCCIO

2 –2

3.3 V Schmitt Trigger 3.135 3.3 3.465 –0.3 0.8 1.7 VCCIO
+ 0.3

— — — —

2.5 V Schmitt Trigger 2.375 2.5 2.625 –0.3 0.7 1.7 VCCIO
+ 0.3

— — — —

1.8 V Schmitt Trigger 1.71 1.8 1.89 –0.3 0.35 ×
VCCIO

0.65 ×
VCCIO

VCCIO
+ 0.3

— — — —

1.5 V Schmitt Trigger 1.425 1.5 1.575 –0.3 0.35 ×
VCCIO

0.65 ×
VCCIO

VCCIO
+ 0.3

— — — —

3.0 V PCI 2.85 3 3.15 — 0.3 ×
VCCIO

0.5 ×
VCCIO

VCCIO
+ 0.3

0.1 ×
VCCIO

0.9 ×
VCCIO

1.5 –0.5
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Single-Ended SSTL, HSTL, and HSUL I/O Reference Voltage Specifications

Table 21. Single-Ended SSTL, HSTL, and HSUL I/O Reference Voltage Specifications for Intel MAX 10 Devices

I/O Standard VCCIO (V) VREF (V) VTT (V)  (14)

Min Typ Max Min Typ Max Min Typ Max

SSTL-2 Class I, II 2.375 2.5 2.625 1.19 1.25 1.31 VREF – 0.04 VREF VREF + 0.04

SSTL-18 Class I, II 1.7 1.8 1.9 0.833 0.9 0.969 VREF – 0.04 VREF VREF + 0.04

SSTL-15 Class I, II 1.425 1.5 1.575 0.49 × VCCIO 0.5 × VCCIO 0.51 × VCCIO 0.49 × VCCIO 0.5 × VCCIO 0.51 × VCCIO

SSTL-135 Class I, II 1.283 1.35 1.45 0.49 × VCCIO 0.5 × VCCIO 0.51 × VCCIO 0.49 × VCCIO 0.5 × VCCIO 0.51 × VCCIO

HSTL-18 Class I, II 1.71 1.8 1.89 0.85 0.9 0.95 0.85 0.9 0.95

HSTL-15 Class I, II 1.425 1.5 1.575 0.71 0.75 0.79 0.71 0.75 0.79

HSTL-12 Class I, II 1.14 1.2 1.26 0.48 × VCCIO 
(15)

0.5 × VCCIO (15) 0.52 × VCCIO
(15)

— 0.5 × VCCIO —

0.47 × VCCIO
 (16)

0.5 × VCCIO  (16) 0.53 × VCCIO
 (16)

HSUL-12 1.14 1.2 1.3 0.49 × VCCIO 0.5 × VCCIO 0.51 × VCCIO — — —

(14) VTT of transmitting device must track VREF of the receiving device.

(15) Value shown refers to DC input reference voltage, VREF(DC).

(16) Value shown refers to AC input reference voltage, VREF(AC).
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Table 24. Differential HSTL and HSUL I/O Standards Specifications for Intel MAX 10 Devices

I/O Standard VCCIO (V) VDIF(DC) (V) VX(AC) (V) VCM(DC) (V) VDIF(AC)
(V)

Min Typ Max Min Max Min Typ Max Min Typ Max Min

HSTL-18 Class I, II 1.71 1.8 1.89 0.2 — 0.85 — 0.95 0.85 — 0.95 0.4

HSTL-15 Class I, II 1.425 1.5 1.575 0.2 — 0.71 — 0.79 0.71 — 0.79 0.4

HSTL-12 Class I, II 1.14 1.2 1.26 0.16 VCCIO 0.48 ×
VCCIO

0.5 ×
VCCIO

0.52 ×
VCCIO

0.48 ×
VCCIO

0.5 ×
VCCIO

0.52 ×
VCCIO

0.3

HSUL-12 1.14 1.2 1.3 0.26 — 0.5 ×
VCCIO –
0.12

0.5 ×
VCCIO

0.5 ×
VCCIO

+ 0.12

0.4 ×
VCCIO

0.5 ×
VCCIO

0.6 ×
VCCIO

0.44

Differential I/O Standards Specifications

Table 25. Differential I/O Standards Specifications for Intel MAX 10 Devices

I/O Standard VCCIO (V) VID (mV) VICM (V)  (18) VOD (mV)  (19)(20) VOS (V)  (19)

Min Typ Max Min Max Min Condition Max Min Typ Max Min Typ Max

LVPECL (21) 2.375 2.5 2.625 100 — 0.05 DMAX  ≤ 500 Mbps 1.8 — — — — — —

0.55 500 Mbps ≤   DMAX ≤
700 Mbps

1.8

1.05 DMAX > 700 Mbps 1.55

LVDS 2.375 2.5 2.625 100 — 0.05 DMAX ≤   500 Mbps 1.8 247 — 600 1.125 1.25 1.375

0.55 500 Mbps  ≤  DMAX ≤
700 Mbps

1.8

continued...   

(18) VIN range: 0 V ≤ VIN ≤ 1.85 V.

(19) RL range: 90 ≤   RL ≤    110 Ω.

(20) Low VOD setting is only supported for RSDS standard.

(21) LVPECL input standard is only supported at clock input. Output standard is not supported.
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Core Performance Specifications

Clock Tree Specifications

Table 26. Clock Tree Specifications for Intel MAX 10 Devices

Device Performance Unit

–I6 –A6, –C7 –I7 –A7 –C8

10M02 450 416 416 382 402 MHz

10M04 450 416 416 382 402 MHz

10M08 450 416 416 382 402 MHz

10M16 450 416 416 382 402 MHz

10M25 450 416 416 382 402 MHz

10M40 450 416 416 382 402 MHz

10M50 450 416 416 382 402 MHz

PLL Specifications

Table 27. PLL Specifications for Intel MAX 10 Devices
VCCD_PLL should always be connected to VCCINT through decoupling capacitor and ferrite bead.

Symbol Parameter Condition Min Typ Max Unit

fIN  (28) Input clock frequency — 5 — 472.5 MHz

fINPFD Phase frequency detector (PFD) input frequency — 5 — 325 MHz

continued...   

(28) This parameter is limited in the Intel Quartus Prime software by the I/O maximum frequency. The maximum I/O frequency is different
for each I/O standard.
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Symbol Parameter Mode –I6, –A6, –C7, –I7 –A7 –C8 Unit

Min Typ Max Min Typ Max Min Typ Max

×4 40 — 300 40 — 300 40 — 300 Mbps

×2 20 — 300 20 — 300 20 — 300 Mbps

×1 10 — 300 10 — 300 10 — 300 Mbps

tDUTY Duty cycle on
transmitter output
clock

— 45 — 55 45 — 55 45 — 55 %

TCCS(57) Transmitter channel-
to-channel skew

— — — 300 — — 300 — — 300 ps

tx Jitter
(58) Output jitter (high-

speed I/O
performance pin)

— — — 425 — — 425 — — 425 ps

Output jitter (low-
speed I/O
performance pin)

— — — 470 — — 470 — — 470 ps

tRISE Rise time 20 – 80%, CLOAD
= 5 pF

— 500 — — 500 — — 500 — ps

tFALL Fall time 20 – 80%, CLOAD
= 5 pF

— 500 — — 500 — — 500 — ps

tLOCK Time required for the
PLL to lock, after
CONF_DONE signal
goes high, indicating
the completion of
device configuration

— — — 1 — — 1 — — 1 ms

(57) TCCS specifications apply to I/O banks from the same side only.

(58) TX jitter is the jitter induced from core noise and I/O switching noise.
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True Mini-LVDS and Emulated Mini-LVDS_E_3R Transmitter Timing Specifications

Table 40. True Mini-LVDS and Emulated Mini-LVDS_E_3R Transmitter Timing Specifications for Intel MAX 10 Dual Supply
Devices
True mini-LVDS transmitter is only supported at the bottom I/O banks. Emulated mini-LVDS_E_3R transmitter is supported at the output pin of all I/O banks.

Symbol Parameter Mode –I6, –A6, –C7, –I7 –A7 –C8 Unit

Min Typ Max Min Typ Max Min Typ Max

fHSCLK Input clock frequency
(high-speed I/O
performance pin)

×10 5 — 155 5 — 155 5 — 155 MHz

×8 5 — 155 5 — 155 5 — 155 MHz

×7 5 — 155 5 — 155 5 — 155 MHz

×4 5 — 155 5 — 155 5 — 155 MHz

×2 5 — 155 5 — 155 5 — 155 MHz

×1 5 — 310 5 — 310 5 — 310 MHz

HSIODR Data rate (high-speed
I/O performance pin)

×10 100 — 310 100 — 310 100 — 310 Mbps

×8 80 — 310 80 — 310 80 — 310 Mbps

×7 70 — 310 70 — 310 70 — 310 Mbps

×4 40 — 310 40 — 310 40 — 310 Mbps

×2 20 — 310 20 — 310 20 — 310 Mbps

×1 10 — 310 10 — 310 10 — 310 Mbps

fHSCLK Input clock frequency
(low-speed I/O
performance pin)

×10 5 — 150 5 — 150 5 — 150 MHz

×8 5 — 150 5 — 150 5 — 150 MHz

×7 5 — 150 5 — 150 5 — 150 MHz

×4 5 — 150 5 — 150 5 — 150 MHz

×2 5 — 150 5 — 150 5 — 150 MHz

×1 5 — 300 5 — 300 5 — 300 MHz

HSIODR Data rate (low-speed
I/O performance pin)

×10 100 — 300 100 — 300 100 — 300 Mbps

×8 80 — 300 80 — 300 80 — 300 Mbps

continued...   
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True LVDS Transmitter Timing

Single Supply Devices True LVDS Transmitter Timing Specifications

Table 41. True LVDS Transmitter Timing Specifications for Intel MAX 10 Single Supply Devices
True LVDS transmitter is only supported at the bottom I/O banks.

Symbol Parameter Mode –C7, –I7 –A7 –C8 Unit

Min Typ Max Min Typ Max Min Typ Max

fHSCLK Input clock frequency ×10 5 — 145 5 — 100 5 — 100 MHz

×8 5 — 145 5 — 100 5 — 100 MHz

×7 5 — 145 5 — 100 5 — 100 MHz

×4 5 — 145 5 — 100 5 — 100 MHz

×2 5 — 145 5 — 100 5 — 100 MHz

×1 5 — 290 5 — 200 5 — 200 MHz

HSIODR Data rate ×10 100 — 290 100 — 200 100 — 200 Mbps

×8 80 — 290 80 — 200 80 — 200 Mbps

×7 70 — 290 70 — 200 70 — 200 Mbps

×4 40 — 290 40 — 200 40 — 200 Mbps

×2 20 — 290 20 — 200 20 — 200 Mbps

×1 10 — 290 10 — 200 10 — 200 Mbps

tDUTY Duty cycle on
transmitter output
clock

— 45 — 55 45 — 55 45 — 55 %

TCCS(63) Transmitter channel-
to-channel skew

— — — 300 — — 300 — — 300 ps

tx Jitter
(64) Output jitter — — — 1,000 — — 1,000 — — 1,000 ps

continued...   

(63) TCCS specifications apply to I/O banks from the same side only.

(64) TX jitter is the jitter induced from core noise and I/O switching noise.
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Symbol Parameter Mode –I6, –A6, –C7, –I7 –A7 –C8 Unit

Min Typ Max Min Typ Max Min Typ Max

×7 70 — 300 70 — 300 70 — 300 Mbps

×4 40 — 300 40 — 300 40 — 300 Mbps

×2 20 — 300 20 — 300 20 — 300 Mbps

×1 10 — 300 10 — 300 10 — 300 Mbps

tDUTY Duty cycle on
transmitter output
clock

— 45 — 55 45 — 55 45 — 55 %

TCCS(69) Transmitter channel-
to-channel skew

— — — 300 — — 300 — — 300 ps

tx Jitter
(70) Output jitter (high-

speed I/O
performance pin)

— — — 425 — — 425 — — 425 ps

Output jitter (low-
speed I/O
performance pin)

— — — 470 — — 470 — — 470 ps

tRISE Rise time 20 – 80%, CLOAD
= 5 pF

— 500 — — 500 — — 500 — ps

tFALL Fall time 20 – 80%, CLOAD
= 5 pF

— 500 — — 500 — — 500 — ps

tLOCK Time required for the
PLL to lock, after
CONF_DONE signal
goes high, indicating
the completion of
device configuration

— — — 1 — — 1 — — 1 ms

(69) TCCS specifications apply to I/O banks from the same side only.

(70) TX jitter is the jitter induced from core noise and I/O switching noise.
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LVDS, TMDS, HiSpi, SLVS, and Sub-LVDS Receiver Timing Specifications

Single Supply Devices LVDS Receiver Timing Specifications

Table 45. LVDS Receiver Timing Specifications for Intel MAX 10 Single Supply Devices
LVDS receivers are supported at all banks.

Symbol Parameter Mode –C7, –I7 –A7 –C8 Unit

Min Max Min Max Min Max

fHSCLK Input clock frequency (high-
speed I/O performance pin)

×10 5 145 5 100 5 100 MHz

×8 5 145 5 100 5 100 MHz

×7 5 145 5 100 5 100 MHz

×4 5 145 5 100 5 100 MHz

×2 5 145 5 100 5 100 MHz

×1 5 290 5 200 5 200 MHz

HSIODR Data rate (high-speed I/O
performance pin)

×10 100 290 100 200 100 200 Mbps

×8 80 290 80 200 80 200 Mbps

×7 70 290 70 200 70 200 Mbps

×4 40 290 40 200 40 200 Mbps

×2 20 290 20 200 20 200 Mbps

×1 10 290 10 200 10 200 Mbps

fHSCLK Input clock frequency (low-
speed I/O performance pin)

×10 5 100 5 100 5 100 MHz

×8 5 100 5 100 5 100 MHz

×7 5 100 5 100 5 100 MHz

×4 5 100 5 100 5 100 MHz

×2 5 100 5 100 5 100 MHz

×1 5 200 5 200 5 200 MHz

HSIODR Data rate (low-speed I/O
performance pin)

×10 100 200 100 200 100 200 Mbps

continued...   
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Table 54. Internal Configuration Time for Intel MAX 10 Devices (Compressed .rbf)
Compression ratio depends on design complexity. The minimum value is based on the best case (25% of original .rbf sizes) and the maximum value is based on
the typical case (70% of original .rbf sizes).

Device Internal Configuration Time (ms)

Unencrypted/Encrypted

Without Memory Initialization With Memory Initialization

Min Max Min Max

10M02 0.3 5.2 — —

10M04 0.6 10.7 1.0 13.9

10M08 0.6 10.7 1.0 13.9

10M16 1.1 17.9 1.4 22.3

10M25 1.1 26.9 1.4 32.2

10M40 2.6 66.1 3.2 82.2

10M50 2.6 66.1 3.2 82.2

Internal Configuration Timing Parameter

Table 55. Internal Configuration Timing Parameter for Intel MAX 10 Devices

Symbol Parameter Device Minimum Maximum Unit

tCD2UM CONF_DONE high to
user mode

10M02, 10M04, 10M08, 10M16, 10M25 182.8 385.5 μs

10M40, 10M50 275.3 605.7 μs

I/O Timing

The data is typically used prior to designing the FPGA to get an estimate of the timing budget as part of the link timing
analysis.

The Intel Quartus Prime Timing Analyzer provides a more accurate and precise I/O timing data based on the specific device
and design after you complete place-and-route.
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Table 56. I/O Timing for Intel MAX 10 Devices
These I/O timing parameters are for the 3.3-V LVTTL I/O standard with the maximum drive strength and fast slew rate for 10M08DAF484 device.

Symbol Parameter –C7, –I7 –C8 Unit

Tsu Global clock setup time –0.750 –0.808 ns

Th Global clock hold time 1.180 1.215 ns

Tco Global clock to output delay 5.131 5.575 ns

Tpd Best case pin-to-pin propagation delay through one LUT 4.907 5.467 ns

Programmable IOE Delay

Programmable IOE Delay On Row Pins

Table 57. IOE Programmable Delay on Row Pins for Intel MAX 10 Devices

The incremental values for the settings are generally linear. For exact values of each setting, refer to the Assignment Name column in the latest version of the
Intel Quartus Prime software.

The minimum and maximum offset timing numbers are in reference to setting ‘0’ as available in the Intel Quartus Prime software.

Parameter Paths Affected Number of
Settings

Minimum
Offset

Maximum Offset Unit

Fast Corner Slow Corner

–I7 –C8 –A6 –C7 –C8 –I7 –A7

Input delay from
pin to internal
cells

Pad to I/O
dataout to core

7 0 0.815 0.873 1.831 1.811 1.874 1.871 1.922 ns

Input delay from
pin to input
register

Pad to I/O input
register

8 0 0.924 0.992 2.081 2.055 2.125 2.127 2.185 ns

Delay from
output register to
output pin

I/O output
register to pad

2 0 0.479 0.514 1.069 1.070 1.117 1.105 1.134 ns
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Term Definition

tDUTY HIGH-SPEED I/O Block: Duty cycle on high-speed transmitter output clock.

tFALL Signal high-to-low transition time (80–20%).

tH Input register hold time.

Timing Unit Interval (TUI) HIGH-SPEED I/O block: The timing budget allowed for skew, propagation delays, and data sampling window. (TUI = 1/(Receiver
Input Clock Frequency Multiplication Factor) = tC/w).

tINJITTER Period jitter on PLL clock input.

tOUTJITTER_DEDCLK Period jitter on dedicated clock output driven by a PLL.

tOUTJITTER_IO Period jitter on general purpose I/O driven by a PLL.

tpllcin Delay from PLL inclk pad to I/O input register.

tpllcout Delay from PLL inclk pad to I/O output register.

tRISE Signal low-to-high transition time (20–80%).

tSU Input register setup time.

VCM(DC) DC common mode input voltage.

VDIF(AC) AC differential input voltage: The minimum AC input differential voltage required for switching.

VDIF(DC) DC differential input voltage: The minimum DC input differential voltage required for switching.

VHYS Hysteresis for Schmitt trigger input.

VICM Input common mode voltage: The common mode of the differential signal at the receiver.

VID Input differential Voltage Swing: The difference in voltage between the positive and complementary conductors of a differential
transmission at the receiver.

VIH Voltage input high: The minimum positive voltage applied to the input which is accepted by the device as a logic high.

VIH(AC) High-level AC input voltage.

VIH(DC) High-level DC input voltage.

VIL Voltage input low: The maximum positive voltage applied to the input which is accepted by the device as a logic low.

VIL (AC) Low-level AC input voltage.

VIL (DC) Low-level DC input voltage.

VIN DC input voltage.
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Date Version Changes

• Added –A6 speed grade in the following tables:
— Intel MAX 10 Device Grades and Speed Grades Supported
— Series OCT without Calibration Specifications for Intel MAX 10 Devices
— Clock Tree Specifications for Intel MAX 10 Devices
— Embedded Multiplier Specifications for Intel MAX 10 Devices
— Memory Block Performance Specifications for Intel MAX 10 Devices
— True PPDS and Emulated PPDS_E_3R Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— True RSDS and Emulated RSDS_E_3R Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— Emulated RSDS_E_1R Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— True Mini-LVDS and Emulated Mini-LVDS_E_3R Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— True LVDS Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— Emulated LVDS_E_3R, SLVS, and Sub-LVDS Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— LVDS, TMDS, HiSpi, SLVS, and Sub-LVDS Receiver Timing Specifications for Intel MAX 10 Dual Supply Devices
— IOE Programmable Delay on Row Pins for Intel MAX 10 Devices
— IOE Programmable Delay on Column Pins for Intel MAX 10 Devices

• Updated the maximum value for input clock cycle-to-cycle jitter (tINJITTER_CCJ) with FINPFD < 100 MHz condition from 750 ps
to ±750 ps in PLL Specifications for Intel MAX 10 Devices table.

• Updated the dual supply mode performance in Embedded Multiplier Specifications for Intel MAX 10 Devices table.
• Updated the dual supply mode performance in Memory Block Performance Specifications for Intel MAX 10 Devices table.
• Added typical specifications in Internal Oscillator Frequencies for Intel MAX 10 Devices table.
• Updated specifications in UFM Performance Specifications for Intel MAX 10 Devices table.
• Updated sampling window specifications in LVDS, TMDS, HiSpi, SLVS, and Sub-LVDS Receiver Timing Specifications for

Intel MAX 10 Dual Supply Devices table.
• Updated IOE programmable delay for row and column pins.
• Changed instances of Quartus II to Quartus Prime.

June 2015 2015.06.12 • Updated the maximum values in Internal Weak Pull-Up Resistor for Intel MAX 10 Devices table.
• Removed Internal Weak Pull-Up Resistor equation.
• Updated the note for input resistance and input capacitance parameters in the ADC Performance Specifications table for

both single supply and dual supply devices. Note: Download the SPICE models for simulation.
• Added a note to AC Accuracy - THD, SNR, and SINAD parameters in the ADC Performance Specifications for Intel MAX 10

Dual Supply Devices table. Note: When using internal VREF, THD = 66 dB, SNR = 58 dB and SINAD = 57.5 dB for
dedicated ADC input channels.

• Updated clock period jitter and cycle-to-cycle period jitter parameters in the Memory Output Clock Jitter Specifications for
Intel MAX 10 Devices table.
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