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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.

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 User Guide
Provides more information about power estimation tools.

e Power Analysis chapter, Intel Quartus Prime Handbook
Provides more information about power estimation tools.

I/0 Pin Leakage Current

The values in the table are specified for normal device operation. The values vary during device power-up. This applies for all
Vccio settings (3.3, 3.0, 2.5, 1.8, 1.5, 1.35, and 1.2 V).

10 pA I/0 leakage current limit is applicable when the internal clamping diode is off. A higher current can be the observed
when the diode is on.

Input channel leakage of ADC I/0 pins due to hot socket is up to maximum of 1.8 mA. The input channel leakage occurs when
the ADC IP core is enabled or disabled. This is applicable to all Intel MAX 10 devices with ADC IP core, which are 10M04,
10M08, 10M16, 10M25, 10M40, and 10M50 devices. The ADC I/0 pins are in Bank 1A.

Table 10. I/0 Pin Leakage Current for Intel MAX 10 Devices
Symbol Parameter Condition Min Max Unit
I Input pin leakage current Vi = 0V to Vcciomax -10 10 HA
Ioz Tristated I/O pin leakage current Vo = 0 V to Veciomax -10 10 HA

Intel® MAX® 10 FPGA Device Datasheet
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Table 21. Single-Ended SSTL, HSTL, and HSUL I/0 Reference Voltage Specifications for Intel MAX 10 Devices
I/0 Standard Vecro (V) Vger (V) Vrr (V) (9

Min Typ Max Min Typ Max Min Typ Max
SSTL-2 Class I, 11 2.375 2.5 2.625 1.19 1.25 1.31 Vger - 0.04 VRer Vrer + 0.04
SSTL-18 Class 1, II 1.7 1.8 1.9 0.833 0.9 0.969 Vper - 0.04 VRer Vper + 0.04
SSTL-15 Class I, II 1.425 1.5 1.575 0.49 x Veero 0.5 x Vecio 0.51 x Veero | 0.49 x Vecio | 0.5 % Veero | 0.51 % Veero
SSTL-135 Class I, 11 1.283 1.35 1.45 0.49 x Vecro 0.5 x Vecio 0.51 x Veero | 0.49 x Vecio | 0.5 % Veero | 0.51 % Vecio
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 (fsycao 0.5 x Veero (19 o.52(>1<5)vCCIO — 0.5 x Veero -

0.47 x Vecro | 0.5 % Veero (18 | 0.53 x Veero
(16) (16)

HSUL-12 1.14 1.2 1.3 0.49 x Vcco 0.5 x Vecio 0.51 x Veero — - -

(14) Vi1 of transmitting device must track Vggr of the receiving device.

(15) Value shown refers to DC input reference voltage, Vrer(pc)-

(18) value shown refers to AC input reference voltage, Vrgr(ac)-

Intel® MAX® 10 FPGA Device Datasheet
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I/0 standard Vecro (V) Vip (MV) Viem (V) (8 Vop (mV) (19)(20) Vos (V) (19)
Min Typ Max Min Max Min Condition Max Min Typ Max Min Typ Max
1.05 Dmax > 700 Mbps 1.55
BLVDS (22) 2.375 2.5 2.625 100 — — — — — — — — — —
mini-LVDS (23) 2.375 2.5 2.625 - - - — - 300 — 600 1 1.2 1.4
RSDS (23) 2.375 2.5 2.625 — — — — — 100 200 600 0.5 1.2 1.5
P(I;3D)S (Row I/0s) 2.375 2.5 2.625 — — — — — 100 200 600 0.5 1.2 1.4
TMDS(24) 2.375 2.5 2.625 100 — 0.05 Dmax < 500 Mbps 1.8 — — — — — —
0.55 500 Mbps < Dwmax < 1.8
700 Mbps
1.05 Dmax > 700 Mbps 1.55
Sub-LVDS (2% 1.71 1.8 1.89 100 — 0.55 — 1.25 (26) 0.8 0.9 1
SLVS 2.375 2.5 2.625 100 — 0.05 — 1.1 (26) (27)
continued...

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

Intel® MAX® 10 FPGA Device Datasheet
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Parameter Symbol Condition Min Typ Max Unit
Integral non linearity INL — -2 — 2 LSB
AC Accuracy Total harmonic distortion THD Fin = 50 kHz, Fs = 1 MHz, -65 (37) — — dB
PLL
Signal-to-noise ratio SNR Fin = 50 kHz, Fs = 1 MHz, 54 (38) — — dB
PLL
Signal-to-noise and distortion SINAD Fiy = 50 kHz, Fs = 1 MHz, 53 (39) — — dB
PLL
On-Chip Temperature Temperature sampling rate Ts - - - 50 kSPS
Sensor
Absolute accuracy — -40 to 125°C, — — +10 °C
with 64 samples averaging
(40)
Conversion Rate (41) Conversion time — Single measurement - — 1 Cycle
Continuous measurement — — 1 Cycle
Temperature measurement — — 1 Cycle

Related Information
SPICE Models for Intel FPGAs

(37) THD with prescalar enabled is 6dB less than the specification.
(38) SNR with prescalar enabled is 6dB less than the specification.
(39) SINAD with prescalar enabled is 6dB less than the specification.

(40) For the Intel Quartus Prime software version 15.0 and later, Modular ADC Core Intel FPGA IP and Modular Dual ADC Core Intel FPGA
IP cores handle the 64 samples averaging. For the Intel Quartus Prime software versions prior to 14.1, you need to implement your
own averaging calculation.

(41) 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 - 300 40 - 300 40 - 300 Mbps
x2 20 — 300 20 — 300 20 — 300 Mbps
x1 10 — 300 10 — 300 10 — 300 Mbps
touty Duty cycle on — 45 — 55 45 — 55 45 — 55 %
transmitter output
clock
TCCS(53) Transmitter channel- — — — 300 — — 300 — — 300 ps
to-channel skew
ty JitterCP 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

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

(54) 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 -16, -A6, -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
x8 80 - 100 80 — 100 80 — 100 Mbps
x7 70 — 100 70 — 100 70 — 100 Mbps
x4 40 — 100 40 — 100 40 — 100 Mbps
X2 20 — 100 20 — 100 20 — 100 Mbps
x1 10 - 100 10 — 100 10 — 100 Mbps
touty Duty cycle on — 45 — 55 45 — 55 45 — 55 %
transmitter output
clock
TCCS(55) Transmitter channel- — — — 300 — — 300 — — 300 ps
to-channel skew
ty Jitter°®) Output jitter (high- — — — 425 — — 425 — — 425 ps
speed I/O0
performance pin)
Output jitter (low- - - - 470 - - 470 - - 470 ps
speed I/0O
performance pin)
trise Rise time 20 - 80%, Cioap — 500 — — 500 — — 500 — ps
=5pF
teaLL 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

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

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

Intel® MAX® 10 FPGA Device Datasheet
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Dual Supply Devices True RSDS and Emulated RSDS_E_ 3R Transmitter Timing Specifications

Table 38. True RSDS and Emulated RSDS_E_3R Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
True RSDS transmitter is only supported at bottom I/O banks. Emulated RSDS transmitter is 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
fuscLk Input clock frequency x10 5 - 155 5 - 155 5 — 155 MHz
(high-speed I/0
performance pin) x8 5 —_ 155 5 — 155 5 - 155 MHz
x7 5 — 155 5 — 155 5 — 155 MHz
x4 5 — 155 5 — 155 5 . 155 MHz
x2 5 — 155 5 — 155 5 — 155 MHz
x1 5 — 310 5 — 310 5 — 310 MHz
HSIODR Data rate (high-speed x10 100 — 310 100 — 310 100 — 310 Mbps
I/O performance pin)
x8 80 — 310 80 — 310 80 — 310 Mbps
x7 70 — 310 70 — 310 70 — 310 Mbps
x4 40 — 310 40 — 310 40 — 310 Mbps
X2 20 — 310 20 — 310 20 — 310 Mbps
x1 10 — 310 10 — 310 10 — 310 Mbps
fuscLk Input clock frequency x10 5 - 150 5 - 150 5 — 150 MHz
(low-speed I/O0
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/O performance pin)
x8 80 — 300 80 — 300 80 — 300 Mbps
x7 70 — 300 70 — 300 70 — 300 Mbps
continued...
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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.
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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 -16, -A6, -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
fuscLk Input clock frequency x10 5 - 155 5 - 155 5 — 155 MHz
(high-speed I/0
performance pin) x8 5 —_ 155 5 — 155 5 - 155 MHz
x7 5 — 155 5 — 155 5 — 155 MHz
x4 5 — 155 5 — 155 5 . 155 MHz
x2 5 — 155 5 — 155 5 — 155 MHz
x1 5 — 310 5 — 310 5 — 310 MHz
HSIODR Data rate (high-speed x10 100 — 310 100 — 310 100 — 310 Mbps
I/O performance pin)
x8 80 — 310 80 — 310 80 — 310 Mbps
x7 70 — 310 70 — 310 70 — 310 Mbps
x4 40 — 310 40 — 310 40 — 310 Mbps
X2 20 — 310 20 — 310 20 — 310 Mbps
x1 10 — 310 10 — 310 10 — 310 Mbps
fuscLk Input clock frequency x10 5 - 150 5 - 150 5 — 150 MHz
(low-speed I/O0
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/O performance pin)
x8 80 — 300 80 — 300 80 — 300 Mbps
continued...
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Symbol Parameter Mode -16, -A6, -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
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
touty Duty cycle on — 45 — 55 45 — 55 45 — 55 %
transmitter output
clock
TCCS(6D) Transmitter channel- — — — 300 — — 300 — — 300 ps
to-channel skew
ty Jitter(®?) Output jitter (high- — — — 425 — — 425 — — 425 ps
speed I/O
performance pin)
Output jitter (low- - - - 470 - - 470 - - 470 ps
speed I/0
performance pin)
trise Rise time 20 - 80%, Cioap — 500 — — 500 — — 500 — ps
=5 pF
teaLL 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

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

(62) TX jitter is the jitter induced from core noise and I/O switching noise.
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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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Symbol Parameter Mode -C7, -17 -A7 -C8 Unit
Min Typ Max Min Typ Max Min Typ Max
x8 80 — 200 80 — 200 80 — 200 Mbps
x7 70 — 200 70 — 200 70 — 200 Mbps
x4 40 — 200 40 — 200 40 — 200 Mbps
x2 20 — 200 20 . 200 20 . 200 Mbps
x1 10 — 200 10 — 200 10 — 200 Mbps
touTy Duty cycle on — 45 — 55 45 — 55 45 — 55 %
transmitter output
clock
TCCS(67) Transmitter channel- - - — 300 - — 300 - — 300 ps
to-channel skew
ty Jitter(68) Output jitter — — — 1,000 — — 1,000 — — 1,000 ps
trise Rise time 20 - 80%, Coap — 500 — — 500 — — 500 — pPs
=5 pF
teaLL Fall time 20 - 80%, Coap — 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

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

(68) 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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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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Device CFM Data Size (bits)
Without Memory Initialization With Memory Initialization
10M25 4,140,000 4,780,000
10M40 7,840,000 9,670,000
10M50 7,840,000 9,670,000

Internal Configuration Time

The internal configuration time measurement is from the rising edge of nSTATUS signal to the rising edge of CONF_DONE
signal.

Table 53. Internal Configuration Time for Intel MAX 10 Devices (Uncompressed .rbf)

Device Internal Configuration Time (ms)
Unencrypted Encrypted
Without Memory Initialization With Memory Initialization Without Memory Initialization With Memory Initialization

Min Max Min Max Min Max Min Max
10M02 0.3 1.7 — — 1.7 5.4 — —
10M04 0.6 2.7 1.0 3.4 5.0 15.0 6.8 19.6
10M08 0.6 2.7 1.0 3.4 5.0 15.0 6.8 19.6
10M16 1.1 3.7 1.4 4.5 9.3 25.3 11.7 31.5
10M25 1.0 3.7 1.3 4.4 14.0 38.1 16.9 45.7
10M40 2.6 6.9 3.2 9.8 41.5 112.1 51.7 139.6
10M50 2.6 6.9 3.2 9.8 41.5 112.1 51.7 139.6

Intel® MAX® 10 FPGA Device Datasheet
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Table 56. I/0 Timing for Intel MAX 10 Devices
These 1I/0 timing parameters are for the 3.3-V LVTTL I/O standard with the maximum drive strength and fast slew rate for 10MO8DAF484 device.
Symbol Parameter -C7, -17 -C8 Unit
Tsu Global clock setup time -0.750 -0.808 ns
Th Global clock hold time 1.180 1.215 ns
Teo Global clock to output delay 5.131 5.575 ns
Tod 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 | Minimum Maximum Offset Unit
Settings Offset
Fast Corner Slow Corner
-17 -C8 -A6 -C7 -C8 -17 -A7

Input delay from Pad to I/O 7 0 0.815 0.873 1.831 1.811 1.874 1.871 1.922 ns
pin to internal dataout to core
cells
Input delay from Pad to I/0 input 8 0 0.924 0.992 2.081 2.055 2.125 2.127 2.185 ns
pin to input register
register
Delay from I/0 output 2 0 0.479 0.514 1.069 1.070 1.117 1.105 1.134 ns
output register to | register to pad
output pin

Intel® MAX® 10 FPGA Device Datasheet
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Glossary

Table 59. Glossary

Term Definition

™S X X X X
1] X X X X

JTAG Timing Specifications

i tee : :
ha et tps i tpy
TCK
Yk | tpgg e i ez
00 ( X
R_ Receiver differential input discrete resistor (external to Intel MAX 10 devices).
RSKM (Receiver input skew margin) HIGH-SPEED I/0 block: The total margin left after accounting for the sampling window and TCCS. RSKM = (TUI - SW - TCCS) / 2.
Sampling window (SW) HIGH-SPEED I/0O Block: The period of time during which the data must be valid to capture it correctly. The setup and hold times
determine the ideal strobe position in the sampling window.
Single-ended voltage referenced 1/0 The AC input signal values indicate the voltage levels at which the receiver must meet its timing specifications. The DC input signal
standard values indicate the voltage levels at which the final logic state of the receiver is unambiguously defined. After the receiver input

crosses the AC value, the receiver changes to the new logic state.

The new logic state is then maintained as long as the input stays beyond the DC threshold. This approach is intended to provide
predictable receiver timing in the presence of input waveform ringing.

tc High-speed receiver/transmitter input and output clock period.

TCCS (Channel-to- channel-skew) HIGH-SPEED I/0 block: The timing difference between the fastest and slowest output edges, including tco variation and clock skew.
The clock is included in the TCCS measurement.

tein Delay from clock pad to I/O input register.

tco Delay from clock pad to I/O output.

teout Delay from clock pad to I/O output register.
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Date Version Changes

December 2017 2017.12.15 e Removed the units for "Input resistance" and "Input capacitance" parameters in the following tables:
— ADC Performance Specifications for Intel MAX 10 Single Supply Devices
— ADC Performance Specifications for Intel MAX 10 Dual Supply Devices

e Removed the specification with memory initialization for 10M02 device in the Uncompressed .rbf Sizes for Intel MAX 10
Devices table.

June 2017 2017.06.16 e Added notes for T; for Industrial and Automotive devices in Recommended Operating Conditions for Intel MAX 10 Devices
table.

e Updated the parameter in Internal Weak Pull-Up Resistor for Intel MAX 10 Devices table.
e Changed "Performance" to "Frequency" in UFM Performance Specifications for Intel MAX 10 Devices table.
e Removed PowerPlay text from tool name.

February 2017 2017.02.21 e Rebranded as Intel.

October 2016 2016.10.31 e Updated the note to the Intel MAX 10 Device Grades and Speed Grades Supported table.
e Updated the Memory Standards Supported by the Soft Memory Controller for Intel MAX 10 Devices table.

May 2016 2016.05.02 e Updated tramp specifications in Recommended Operating Conditions for Intel MAX 10 Devices table.
— Removed standard POR and fast POR specifications.
— Updated maximum value from 3 ms to 10 ms and added a not for the minimum value.
e Added Supply Current and Power Consumption section.
e Added the following tables:
— Memory Standards Supported by the Soft Memory Controller for Intel MAX 10 Devices
— Internal Configuration Timing Parameter for Intel MAX 10 Devices
e Removed POR Delay Specifications for Intel MAX 10 Devices table.
e Updated the description in the Internal Configuration Time section.
e Updated the following tables:
— Internal Configuration Time for Intel MAX 10 Devices (Uncompressed . r bf )
— Internal Configuration Time for Intel MAX 10 Devices (Compressed . r bf )
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Changes

May 2015

2015.05.04

Updated a note to Vccio for both single supply and dual supply power supplies recommended operating conditions tables.
Note updated: Vccio for all I/0O banks must be powered up during user mode because Vccio I/O banks are used for the
ADC and I/O functionalities.

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

Removed a note to BLVDS in Differential I/O Standards Specifications for Intel MAX 10 Devices table. BLVDS is now
supported in Intel MAX 10 single supply devices. Note removed: BLVDS TX is not supported in single supply devices.

Updated ADC Performance Specifications for both single supply and dual supply devices.

— Changed the symbol for Operating junction temperature range parameter from Tp to T;.
— Edited sampling rate maximum value from 1000 kSPS to 1 MSPS.

— Added a note to analog input voltage parameter.

— Removed input frequency, fiy specification.

— Updated the condition for DNL specification: External Vggr, Nno missing code. Added DNL specification for condition:
Internal Vgrgr, N0 missing code.

— Added notes to AC accuracy specifications that the value with prescalar enabled is 6dB less than the specification.
— Added a note to On-Chip Temperature Sensor (absolute accuracy) parameter about the averaging calculation.
Updated ADC Performance Specifications for Intel MAX 10 Single Supply Devices table.

— Added condition for On-Chip Temperature Sensor (absolute accuracy) parameter: with 64 samples averaging.
Updated ADC Performance Specifications for Intel MAX 10 Dual Supply Devices table.

— Updated Digital Supply Voltage minimum value from 1.14 V to 1.15 V and maximum value from 1.26 V to 1.25 V.
Updated fysc k and HSIODR specifications for —~A7 speed grade in the following tables:

— 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

— 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 Single Supply Devices

— True LVDS Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices

— Emulated LVDS_E_3R Transmitter Timing Specifications for Intel MAX 10 Single Supply Devices

— Emulated LVDS_E_3R, SLVS, and Sub-LVDS Transmitter Timing Specifications for Intel MAX 10 Dual Supply Devices
— LVDS Receiver Timing Specifications for Intel MAX 10 Single Supply Devices

— LVDS, TMDS, HiSpi, SLVS, and Sub-LVDS Receiver Timing Specifications for Intel MAX 10 Dual Supply Devices
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e Updated SSTL-2 Class I and II I/O standard specifications for JEDEC compliance as follows:
— VIL(AC) Max: Updated from Vggg — 0.35 to Vger - 0.31
— VIH(AC) Min: Updated from Vggr + 0.35 to Vggr + 0.31

e Added a note to BLVDS in Differential I/O Standards Specifications for Intel MAX 10 Devices table: BLVDS TX is not
supported in single supply devices.

e Added a link to MAX 10 High-Speed LVDS 1/0 User Guide for the list of I/O standards supported in single supply and dual
supply devices.

e Added a statement in PLL Specifications for Intel MAX 10 Single Supply Device table: For V36 package, the PLL
specification is based on single supply devices.

e Added Internal Oscillator Specifications from Intel MAX 10 Clocking and PLL User Guide.
e Added UFM specifications for serial interface.
e Updated total harmonic distortion (THD) specifications as follows:
— Single supply devices: Updated from 65 dB to -65 dB
— Dual supply devices: Updated from 70 dB to -70 dB (updated from 65 dB to -65 dB for dual function pin)

e Added condition for On-Chip Temperature Sensor—Absolute accuracy parameter in ADC Performance Specifications for
Intel MAX 10 Dual Supply Devices table. The condition is: with 64 samples averaging.

e Updated the description in Periphery Performance Specifications to mention that proper timing closure is required in
design.

e Updated HSIODR and fyscik specifications for x10 and x7 modes in True LVDS Transmitter Timing Specifications for Intel
MAX 10 Dual Supply Devices.

e Added specifications for low-speed I/O performance pin sampling window in LVDS Receiver Timing Specifications for Intel
MAX 10 Single Supply Devices table: Max = 900 ps for -C7, -17, —-A7, and -C8 speed grades.

e Added try nconric @nd try_nrstiver Specifications for different devices in Remote System Upgrade Circuitry Timing
Specifications for Intel MAX 10 Devices table.

¢ Removed the word "internal oscillator" in User Watchdog Timer Specifications for Intel MAX 10 Devices table to avoid
confusion.

e Added IOE programmable delay specifications.

September 2014 2014.09.22 Initial release.
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