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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
Ve one Supply voltage for core and periphery through on-die voltage -0.5 3.9 \%
regulator
Vecio Supply voltage for input and output buffers -0.5 3.9 \
Veea Supply voltage for phase-locked loop (PLL) regulator and analog-to- -0.5 3.9 Vv
digital converter (ADC) block (analog)

Dual Supply Devices Absolute Maximum Ratings

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

Symbol Parameter Min Max Unit
Vee Supply voltage for core and periphery -0.5 1.63 \%
Vccio Supply voltage for input and output buffers -0.5 3.9 Vv
Veea Supply voltage for PLL regulator (analog) -0.5 3.41 Vv
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
Vee_one® Supply voltage for core and periphery through on- — 2.85/3.135 3.0/3.3 3.15/3.465 \%
die voltage regulator
Veeio® Supply voltage for input and output buffers 3.3V 3.135 3.3 3.465 \%
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 \Y
1.5V 1.425 1.5 1.575 Vv
continued...

(1) Vcea must be connected to Ve one through a filter.

(2) Veero for all I/0 banks must be powered up during user mode because Vo I/0 banks are used for the ADC and I/0 functionalities.

Intel® MAX® 10 FPGA Device Datasheet
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Table 8. Recommended Operating Conditions for Intel MAX 10 Devices

Symbol Parameter Condition Min Max Unit

Vi DC input voltage - -0.5 3.6 Vv

Vo Output voltage for I/O pins — 0 Veeio \Y

T, Operating junction temperature Commercial 0 85 °C
Industrial -40(6) 100 °C

Automotive -40(6) 125 °C

tramMP Power supply ramp time — & 10 ms
Ipiode Magnitude of DC current across PCI* clamp diode when — — 10 mA

enabled

Programming/Erasure Specifications

Table 9. Programming/Erasure Specifications for Intel MAX 10 Devices

This table shows the programming cycles and data retention duration of the user flash memory (UFM) and configuration flash memory (CFM) blocks.

For more information about data retention duration with 10,000 programming cycles for automotive temperature devices, contact your Intel quality

representative.

Erase and reprogram cycles (E/P) (8) (Cycles/ Temperature (°C) Data retention duration (Years)
page)
10,000 85 20
10,000 100 10

(6) —40°C is only applicable to Start of Test, when the device is powered-on. The device does not stay at the minimum junction

temperature for a long time.

(7) There is no absolute minimum value for the ramp time requirement. Intel characterized the minimum ramp time at 200 ps.

(8) The number of E/P cycles applies to the smallest possible flash block that can be erased or programmed in each Intel MAX 10 device.
Each Intel MAX 10 device has multiple flash pages per device.

Intel® MAX® 10 FPGA Device Datasheet
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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 Vecro (V) Resistance Tolerance Unit
-C7, -16, -17, -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 Vecro (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.

Intel® MAX® 10 FPGA Device Datasheet
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Figure 2.

Subscript x refers to both V and T.

ARy is variation of resistance with voltage.

AR7t 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.

V, is final voltage.

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

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

AR, = (3.15—-3) x 1000 x —0.027 = —4.05
AR, = (85 —25) x 0.25 =15

Because AR, is negative,
MF, =1/(4.05/100 + 1) = 0.961

Because AR; is positive,
MF;=15/100+1 = 1.15

MF = 0.961 x 1.15 = 1.105
Rfina = 50 X 1.105 = 55.250

Intel® MAX® 10 FPGA Device Datasheet
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Table 17. Internal Weak Pull-Up Resistor for Intel MAX 10 Devices

Pin pull-up resistance values may be lower if an external source drives the pin higher than Vcio.

Symbol Parameter Condition Min Typ Max Unit
R_py Value of I/0 pin (dedicated and dual-purpose) Vecio = 3.3V £ 5% 7 12 34 kQ
pull-up resistor before and during configuration,
as well as user mode if the programmable pull-up | Vccio = 3.0V £ 5% 8 13 37 kQ
resistor option is enabled
VCCIO =25V 5% 10 15 46 kQ
Vecio = 1.8V £ 5% 16 25 75 kQ
Vecio = 1.5V £ 5% 20 36 106 kQ
Veeio = 1.2V £ 5% 33 82 179 kQ

Hot-Socketing Specifications

Table 18. Hot-Socketing Specifications for Intel MAX 10 Devices

Symbol Parameter Maximum
S NC) DC current per I/0 pin 300 pA
IIOPIN(AC) AC current per I/0 pin 8 mA (13)

Hysteresis Specifications for Schmitt Trigger Input

Intel MAX 10 devices support Schmitt trigger input on all I/O pins. A Schmitt trigger feature introduces hysteresis to the input
signal for improved noise immunity, especially for signal with slow edge rate.

(13) The I/O ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |Ijopin| = C dv/dt, in which C is I/O pin capacitance and dv/dt
is the slew rate.

Intel® MAX® 10 FPGA Device Datasheet
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Figure 4. Schmitt Trigger Input Standard Voltage Diagram
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L?Eic With Schmitt Trigger
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I/0 Standards Specifications

Tables in this section list input voltage (Viy and Vy.), output voltage (Voy and Vg ), and current drive characteristics (Ioy and
Ip) for various I/0 standards supported by Intel MAX 10 devices.

For minimum voltage values, use the minimum V¢cjo values. For maximum voltage values, use the maximum V¢cio values.

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

Intel® MAX® 10 FPGA Device Datasheet
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Single-Ended I/0 Standards Specifications

Table 20.

Single-Ended I/0 Standards Specifications for Intel MAX 10 Devices

To meet the Ip. and Ipy 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 Ip, and Ipgy specifications in the datasheet.

intel.

I/0 Standard Vccero (V) Vi (V) Vin (V) VoL (V) Vou (V) IoL (MmA) | Ion (MA)
Min Typ Max Min Max Min Max Max Min
3.3V 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 Veero - 0.2 2 -2
3.0 V LVTTL 2.85 3 3.15 -0.3 0.8 1.7 Veero 0.45 2.4 4 -4
+ 0.3
3.0 V LVCMOS 2.85 3 3.15 -0.3 0.8 1.7 Vecio 0.2 Vecio - 0.2 0.1 -0.1
+ 0.3
2.5V LVTTL and 2.375 2.5 2.625 -0.3 0.7 1.7 Veeio 0.4 2 1 -1
LVCMOS + 0.3
1.8 V LVTTL and 1.71 1.8 1.89 -0.3 0.35 x 0.65 x 2.25 0.45 Veeio = 2 -2
LVCMOS Veeo Veeno 0.45
1.5 V LVCMOS 1.425 1.5 1.575 -0.3 0.35 x 0.65 x Veero 0.25 x 0.75 x 2 -2
Veero Veero +0.3 Veero Veero
1.2 V LVCMOS 1.14 1.2 1.26 -0.3 0.35 x 0.65 x Vecro 0.25 x 0.75 x 2 -2
Vecio Vecio +0.3 Vecio Vecio
3.3 V Schmitt Trigger 3.135 3.3 3.465 -0.3 0.8 1.7 Veeo - - - -
+ 0.3
2.5 V Schmitt Trigger 2.375 2.5 2.625 -0.3 0.7 1.7 Veeo - - - -
+ 0.3
1.8 V Schmitt Trigger 1.71 1.8 1.89 -0.3 0.35 x 0.65 x Veceio — — — —
Veero Veero +0.3
1.5 V Schmitt Trigger 1.425 1.5 1.575 -0.3 0.35 x 0.65 x Veero — — — —
Vecio Vecio +0.3
3.0V PCI 2.85 3 3.15 - 0.3 x 0.5 x Veeo 0.1 x 0.9 x 1.5 -0.5
Veeio Veeio +0.3 Veeio Veeio

Intel® MAX® 10 FPGA Device Datasheet
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Single-Ended SSTL, HSTL, and HSUL I/0 Standards Signal Specifications

Table 22. Single-Ended SSTL, HSTL, and HSUL I/0 Standards Signal Specifications for Intel MAX 10 Devices

To meet the Ip. and Ipy specifications, you must set the current strength settings accordingly. For example, to meet the SSTL-15 Class I specification (8 mA), you
should set the current strength settings to 8 mA. Setting at lower current strength may not meet the Ip, and Ipgy specifications in the datasheet.

I/0 standard Viocy (V) Vin(oc) (V) Viac) (V) Vin(ac) (V) Vo (V) Vou (V) | IoL (MmA) | Ioy (MA)
Min Max Min Max Min Max Min Max Max Min
SSTL-2 Class I — VRefr — VRep — — VRer = VRep — Vit - 0.57 | V7 + 0.57 8.1 -8.1
0.18 + 0.18 0.31 + 0.31
SSTL-2 Class II — VRer — VRep — — VRer — VRer — Vit -0.76 | V7 + 0.76 16.4 -16.4
0.18 + 0.18 0.31 + 0.31
SSTL-18 Class I —_ VRer — VRer —_ —_ VRer = VRer — Vi1 - Vrr 6.7 -6.7
0.125 + 0.125 0.25 + 0.25 0.475 + 0.475
SSTL-18 Class II - VREF — VREr - - VRer = VRer —_ 0.28 VCCIO - 13.4 -13.4
0.125 +0.125 0.25 + 0.25 0.28
SSTL-15 Class I — Vgrer = 0.1 | Vgee + 0.1 — — VRer = VREF — 0.2 x 0.8 x 8 -8
0.175 + 0.175 Veeio Veeio
SSTL-15 Class II — Vrer — 0.1 | Vgee + 0.1 — — VRer — VREF — 0.2 x 0.8 x 16 -16
0.175 + 0.175 Veeio Vecio
SSTL-135 - VRer — VRer - - VRer = VRer — 0.2 x 0.8 x - -
0.09 + 0.09 0.16 + 0.16 Vceio Vcceio
HSTL-18 Class I — Vreg = 0.1 | Vgee + 0.1 — — Vgrer = 0.2 | Vgge + 0.2 — 0.4 Veero = 8 -8
0.4
HSTL-18 Class II — Vrer = 0.1 | Vgee + 0.1 — — Vreg = 0.2 | Vgge + 0.2 — 0.4 Veeco = 16 -16
0.4
HSTL-15 Class I — Vrer — 0.1 | Vgee + 0.1 — — Vgrer — 0.2 | VReg + 0.2 — 0.4 Veeco - 8 -8
0.4
HSTL-15 Class II - Vger = 0.1 | Vgee + 0.1 - - Vrer = 0.2 | Vgee + 0.2 - 0.4 Veeio - 16 -16
0.4
continued...

Intel® MAX® 10 FPGA Device Datasheet
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I/0 standard ViLpoc) (V) Vin(ocy (V) Vir(ac) (V) Vincacy (V) Vo (V) Vou (V) | IoL (MmA) | Ioy (MA)
Min Max Min Max Min Max Min Max Max Min
HSTL-12 Class I -0.15 VReg = VRep Veero -0.24 VRef — VRer Veeio 0.25 x 0.75 x 8 -8
0.08 + 0.08 + 0.15 0.15 + 0.15 + 0.24 Vecio Veeio
HSTL-12 Class II -0.15 VRer — VRep Veeio -0.24 VRep — VREr Vecio 0.25 x 0.75 x 14 -14
0.08 + 0.08 + 0.15 0.15 + 0.15 + 0.24 Vecio Veeio
HSUL-12 - VREr — VRer - — VRer = VRer — 0.1 x 0.9 x - -
0.13 + 0.13 0.22 + 0.22 Veeio Vcero
Differential SSTL 1/0 Standards Specifications
Differential SSTL requires a Vrgr input.
Table 23. Differential SSTL I/0 Standards Specifications for Intel MAX 10 Devices
1/0 standard Vecro (V) Vswing(pc) (V) Vx(ac) (V) Vswing(ac) (V)
Min Typ Max Min Max(17) Min Typ Max Min Max
SSTL-2 Class I, II 2.375 2.5 2.625 0.36 Veeio Vecio/2 - — Vecro/ 0.7 Vecro
0.2 2+ 0.2
SSTL-18 Class I, II 1.7 1.8 1.9 0.25 Veero Vecio/2 - - Vecro/ 0.5 Veero
0.175 2+ 0.175
SSTL-15 Class I, II 1.425 1.5 1.575 0.2 — VCCIO/Z - — VCCIO/Z 2(VIH(AC) - Z(VIL(AC) -
0.15 + 0.15 VREF) VREF)
SSTL-135 1.283 1.35 1.45 0.18 — VRer = 0.5 x Vccio VRer 2(V1n(ac) - 2(Vi(ac) -

Differential HSTL and HSUL I/0 Standards Specifications

Differential HSTL requires a Vggr input.

(17) 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))'

Intel® MAX® 10 FPGA Device Datasheet
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Table 24. Differential HSTL and HSUL I/0 Standards Specifications for Intel MAX 10 Devices

I/0 standard Vecro (V) Vpir(pc) (V) Vx(ac) (V) Vem(oce) (V) Vbir(ac)
v)
Min Typ Max Min Max Min Typ Max Min Typ Max Min
HSTL-18 Class I, 11 1.71 1.8 1.89 0.2 — 0.85 — 0.95 0.85 — 0.95 0.4
HSTL-15 Class I, 11 1.425 1.5 1.575 0.2 — 0.71 — 0.79 0.71 — 0.79 0.4
HSTL-12 Class I, 11 1.14 1.2 1.26 0.16 Veeio 0.48 x 0.5 x 0.52 x 0.48 x 0.5 x 0.52 x 0.3
Veeio Veero Veeio Veero Vcero Vcero
HSUL-12 1.14 1.2 1.3 0.26 — 0.5 x 0.5 x 0.5 x 0.4 x 0.5 x 0.6 x 0.44
Veero - Vecio Vecio Vecio Vecio Vecio
0.12 + 0.12

Differential I/0 Standards Specifications

Table 25. Differential I/0O Standards Specifications for Intel MAX 10 Devices

1/0 standard Vcero (V) Vip (mV) Viem (V) (18 Vop (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 = 1.8
700 Mbps
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 < Dwmax < 1.8
700 Mbps
continued...

(18) vy range: 0V < Vpy < 1.85 V.
(19) R, range: 90 < R, . < 110 Q.
(20) Low Vgp setting is only supported for RSDS standard.

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

Intel® MAX® 10 FPGA Device Datasheet
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Dual Supply Devices ADC Performance Specifications

Table 35. ADC Performance Specifications for Intel MAX 10 Dual Supply Devices
Parameter Symbol Condition Min Typ Max Unit
ADC resolution - - - — 12 bits
Analog supply voltage Vcea_abc — 2.375 2.5 2.625 \Y,
Digital supply voltage Veent — 1.15 1.2 1.25 \%
External reference voltage VRer — Vcc;(\)_/goc - — Vcea abc \Y
Sampling rate Fs Accumulative sampling rate - - 1 MSPS
Operating junction temperature range T — -40 25 125 °C
Analog input voltage Vin Prescalar disabled 0 — VRep \%
Prescalar enabled (42) 0 — 3 v
Analog supply current (DC) Iacc_apc Average current - 275 450 HA
Digital supply current (DC) IccinT Average current — 65 150 HA
Input resistance Rin — - (43) - —
Input capacitance Cin — — (43) — —
DC Accuracy Offset error and drift Eoffset Prescalar disabled -0.2 - 0.2 %FS
Prescalar enabled -0.5 - 0.5 %FS
Gain error and drift Egain Prescalar disabled -0.5 — 0.5 %FS
Prescalar enabled -0.75 — 0.75 %FS
Differential non linearity DNL External Vggg, No missing -0.9 - 0.9 LSB
code
continued...

(42) Pprescalar function divides the analog input voltage by half. The analog input handles up to 3 V input for the Intel MAX 10 dual supply

devices.

(43) Download the SPICE models for simulation.

Intel® MAX® 10 FPGA Device Datasheet
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Parameter Symbol Condition Min Typ Max Unit

Conversion Rate (52) Conversion time — Single measurement — — 1 Cycle
Continuous measurement - — 1 Cycle

Temperature measurement — — 1 Cycle

Related Information
SPICE Models for Intel FPGAs

Periphery Performance Specifications

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

Actual achievable frequency depends on design and system specific factors. Ensure proper timing closure in your design and
perform HSPICE/IBIS simulations based on your specific design and system setup to determine the maximum achievable
frequency in your system.

High-Speed I/0 Specifications
For more information about the high-speed and low-speed I/O performance pins, refer to the respective device pin-out files.

Related Information
Documentation: Pin-Out Files for Intel FPGAs

(52) For more detailed description, refer to the Timing section in the Intel MAX 10 Analog-to-Digital Converter User Guide.

Intel® MAX® 10 FPGA Device Datasheet
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Symbol Parameter Mode -16, -A6, -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
x4 40 - 170 40 - 170 40 - 170 Mbps
x2 20 — 170 20 — 170 20 — 170 Mbps
x1 10 — 170 10 — 170 10 — 170 Mbps
touty Duty cycle on — 45 — 55 45 — 55 45 — 55 %
transmitter output
clock
TCCS(9) Transmitter channel- — — — 300 — — 300 — — 300 ps
to-channel skew
ty Jitter(®0) Output jitter (high- — — — 425 — — 425 — - 425 ps
speed I/0
performance pin)
Output jitter (low- — — — 470 — — 470 — — 470 ps
speed I/O
performance pin)
trise Rise time 20 - 800/0, CLOAD — 500 — — 500 — —_ 500 - ps
=5pF
traLL Fall time 20 - 80%, Cioap — 500 — — 500 — — 500 — ps
=5 pF
tLock Time required for the — — — 1 — — 1 — — 1 ms

PLL to lock, after
CONF_DONE signal
goes high, indicating
the completion of
device configuration

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

(60) TX jitter is the jitter induced from core noise and I/O switching noise.

Intel® MAX® 10 FPGA Device Datasheet
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Symbol Parameter Mode -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
tRISE Rise time 20 - 800/0, CLOAD = —_ 500 —_ —_ 500 —_ —_ 500 —_ pPs
5 pF
teaLL Fall time 20 - 80%, Cionp = — 500 — — 500 - — 500 — pPs
5 pF
tLock Time required for the — — — 1 — — 1 — — 1 ms
PLL to lock, after
CONF_DONE signal
goes high, indicating
the completion of
device configuration

Dual Supply Devices True LVDS Transmitter Timing Specifications

Table 42. True LVDS Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
True LVDS transmitter is only supported at the bottom I/O banks.

Symbol Parameter Mode -16 -A6, -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max Min Typ Max
fHscLk Input clock x10 5 - 360 5 — 340 5 — 310 5 - 300 MHz
frequency

x8 5 - 360 5 — 360 5 - 320 5 - 320 MHz

x7 5 - 360 5 — 340 5 - 310 5 - 300 MHz

x4 5 - 360 5 — 350 5 - 320 5 - 320 MHz

x2 5 - 360 5 — 350 5 — 320 5 - 320 MHz

x1 5 - 360 5 — 350 5 - 320 5 - 320 MHz

HSIODR | Data rate x10 100 — 720 100 — 680 100 — 620 100 — 600 Mbps
x8 80 - 720 80 — 720 80 - 640 80 - 640 Mbps

x7 70 - 720 70 — 680 70 — 620 70 - 600 Mbps

x4 40 - 720 40 — 700 40 - 640 40 - 640 Mbps

x2 20 - 720 20 — 700 20 - 640 20 - 640 Mbps

continued...
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Symbol

Parameter

Mode

-16

-A6, -C7, -17

-C8

Min

Typ

Max

Min

Typ

Max

Min

Max

Min

Typ

Max

Unit

x1

10

360

10

350

10

320

10

320

Mbps

touty

Duty cycle on
transmitter output
clock

45

55

45

55

45

55

45

55

%

TCCS(69)

Transmitter
channel-to-
channel skew

300

300

300

300

ps

tx
Jitter(66)

Output jitter

380

380

380

380

ps

trise

Rise time

20 - 80%, CLoap
=5 pF

500

500

500

500

ps

traLL

Fall time

20 - 80%, CLoap
=5 pF

500

500

500

500

ps

tLock

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

ms

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

(66) TX jitter is the jitter induced from core noise and I/O switching noise.
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Dual Supply Devices Emulated LVDS_E_3R, SLVS, and Sub-LVDS Transmitter Timing Specifications

Table 44. Emulated LVDS_E_3R, SLVS, and Sub-LVDS Transmitter Timing Specifications for Intel MAX 10 Dual Supply
Devices

Emulated LVDS_E_3R, SLVS, and Sub-LVDS transmitters are supported at the output pin of all I/O banks.

Symbol Parameter Mode -16, -A6, -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
fHscLk Input clock frequency x10 5 - 300 5 - 275 5 — 275 MHz
(high-speed I/0
performance pin) x8 5 — 300 5 — 275 5 - 275 MHz
x7 5 — 300 5 — 275 5 — 275 MHz
x4 5 — 300 5 — 275 5 — 275 MHz
x2 5 — 300 5 — 275 5 — 275 MHz
x1 5 — 300 5 — 275 5 — 275 MHz
HSIODR Data rate (high-speed x10 100 — 600 100 — 550 100 — 550 Mbps
I/0 performance pin)
x8 80 — 600 80 — 550 80 — 550 Mbps
x7 70 — 600 70 — 550 70 — 550 Mbps
x4 40 — 600 40 — 550 40 — 550 Mbps
x2 20 — 600 20 — 550 20 — 550 Mbps
x1 10 — 300 10 — 275 10 — 275 Mbps
fuscLk Input clock frequency x10 5 - 150 5 - 150 5 — 150 MHz
(low-speed 1/0
performance pin) x8 5 — 150 5 — 150 5 - 150 MHz
x7 5 — 150 5 — 150 5 — 150 MHz
x4 5 — 150 5 — 150 5 — 150 MHz
x2 5 — 150 5 — 150 5 — 150 MHz
x1 5 — 300 5 — 300 5 — 300 MHz
HSIODR Data rate (low-speed x10 100 — 300 100 — 300 100 — 300 Mbps
I/0 performance pin)
x8 80 — 300 80 — 300 80 — 300 Mbps
continued...
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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, -17 -A7 -C8 Unit
Min Max Min Max Min Max

fHscLk Input clock frequency (high- x10 5 145 5 100 5 100 MHz
speed I/0 performance pin)

x8 5 145 5 100 5 100 MHz

x7 5 145 5 100 5 100 MHz

x4 5 145 5 100 5 100 MHz

X2 5 145 5 100 5 100 MHz

x1 5 290 5 200 5 200 MHz

HSIODR Data rate (high-speed I/O x10 100 290 100 200 100 200 Mbps

performance pin)

x8 80 290 80 200 80 200 Mbps

x7 70 290 70 200 70 200 Mbps

x4 40 290 40 200 40 200 Mbps

x2 20 290 20 200 20 200 Mbps

x1 10 290 10 200 10 200 Mbps

fHscLk Input clock frequency (low- x10 5 100 5 100 5 100 MHz
speed I/0 performance pin)

x8 5 100 5 100 5 100 MHz

x7 5 100 5 100 5 100 MHz

x4 5 100 5 100 5 100 MHz

x2 5 100 5 100 5 100 MHz

x1 5 200 5 200 5 200 MHz

HSIODR Data rate (low-speed I/O x10 100 200 100 200 100 200 Mbps

performance pin)
continued...

Intel® MAX® 10 FPGA Device Datasheet
53



®
Intel® MAX® 10 FPGA Device Datasheet l n tel
M10-DATASHEET | 2018.06.29

Symbol Parameter Mode -16, -A6, -C7, -17 -A7 -C8 Unit
Min Max Min Max Min Max
x2 5 360 5 320 5 320 MHz
x1 5 360 5 320 5 320 MHz
HSIODR Data rate (high-speed I/O x10 100 700 100 640 100 640 Mbps
performance pin)
x8 80 720 80 640 80 640 Mbps
x7 70 700 70 640 70 640 Mbps
x4 40 720 40 640 40 640 Mbps
X2 20 720 20 640 20 640 Mbps
x1 10 360 10 320 10 320 Mbps
fHscLk Input clock frequency (low- x10 5 150 5 150 5 150 MHz
speed I/0 performance pin)
x8 5 150 5 150 5 150 MHz
x7 5 150 5 150 5 150 MHz
x4 5 150 5 150 5 150 MHz
x2 5 150 5 150 5 150 MHz
x1 5 300 5 300 5 300 MHz
HSIODR Data rate (low-speed I/O x10 100 300 100 300 100 300 Mbps
performance pin)
x8 80 300 80 300 80 300 Mbps
x7 70 300 70 300 70 300 Mbps
x4 40 300 40 300 40 300 Mbps
X2 20 300 20 300 20 300 Mbps
x1 10 300 10 300 10 300 Mbps
SwW Sampling window (high- - - 510 - 510 - 510 ps
speed I/0 performance pin)
continued...
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Programmable IOE Delay for Column Pins

Table 58. IOE Programmable Delay on Column 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 | Minimum Maximum Offset Unit
Settings Offset
Fast Corner Slow Corner
-17 -C8 -A6 -C7 -C8 -17 -A7

Input delay from Pad to I/O0 7 0 0.81 0.868 1.823 1.802 1.864 1.862 1.912 ns
pin to internal dataout to core
cells
Input delay from Pad to I/0 input 8 0 0.914 0.981 2.06 2.032 2.101 2.102 2.161 ns
pin to input register
register
Delay from I/0 output 2 0 0.435 0.466 0.971 0.97 1.013 1.001 1.028 ns
output register to | register to pad
output pin
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