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Table 2. Absolute Maximum Ratings for Cyclone V Devices

Symbol Description Minimum Maximum Unit

VCC Core voltage and periphery circuitry power supply –0.5 1.43 V

VCCPGM Configuration pins power supply –0.5 3.90 V

VCC_AUX Auxiliary supply –0.5 3.25 V

VCCBAT Battery back-up power supply for design security volatile key register –0.5 3.90 V

VCCPD I/O pre-driver power supply –0.5 3.90 V

VCCIO I/O power supply –0.5 3.90 V

VCCA_FPLL Phase-locked loop (PLL) analog power supply –0.5 3.25 V

VCCH_GXB Transceiver high voltage power –0.5 3.25 V

VCCE_GXB Transceiver power –0.5 1.50 V

VCCL_GXB Transceiver clock network power –0.5 1.50 V

VI DC input voltage –0.5 3.80 V

VCC_HPS HPS core voltage and periphery circuitry power supply –0.5 1.43 V

VCCPD_HPS HPS I/O pre-driver power supply –0.5 3.90 V

VCCIO_HPS HPS I/O power supply –0.5 3.90 V

VCCRSTCLK_HPS HPS reset and clock input pins power supply –0.5 3.90 V

VCCPLL_HPS HPS PLL analog power supply –0.5 3.25 V

VCC_AUX_SHARED
(1) HPS auxiliary power supply –0.5 3.25 V

IOUT DC output current per pin –25 40 mA

TJ Operating junction temperature –55 125 °C

TSTG Storage temperature (no bias) –65 150 °C

(1) VCC_AUX_SHARED must be powered by the same source as VCC_AUX for Cyclone V SX C5, C6, D5, and D6 devices, and Cyclone V SE A5
and A6 devices.
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I/O Pin Leakage Current

Table 7. I/O Pin Leakage Current for Cyclone V Devices

Symbol Description Condition Min Typ Max Unit

II Input pin VI = 0 V to VCCIOMAX –30 — 30 µA

IOZ Tri-stated I/O pin VO = 0 V to VCCIOMAX –30 — 30 µA

Bus Hold Specifications

Table 8. Bus Hold Parameters for Cyclone V Devices
The bus-hold trip points are based on calculated input voltages from the JEDEC standard.

Parameter Symbol Condition VCCIO (V) Unit

1.2 1.5 1.8 2.5 3.0 3.3

Min Max Min Max Min Max Min Max Min Max Min Max

Bus-hold, low,
sustaining
current

ISUSL VIN > VIL

(max)
8 — 12 — 30 — 50 — 70 — 70 — µA

Bus-hold, high,
sustaining
current

ISUSH VIN < VIH

(min)
–8 — –12 — –30 — –50 — –70 — –70 — µA

Bus-hold, low,
overdrive current

IODL 0 V < VIN <
VCCIO

— 125 — 175 — 200 — 300 — 500 — 500 µA

Bus-hold, high,
overdrive current

IODH 0 V <VIN
<VCCIO

— –125 — –175 — –200 — –300 — –500 — –500 µA

Bus-hold trip
point

VTRIP — 0.3 0.9 0.375 1.125 0.68 1.07 0.7 1.7 0.8 2 0.8 2 V

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.
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Single-Ended I/O Standards

Table 15. Single-Ended I/O Standards for Cyclone V Devices

I/O Standard VCCIO (V) VIL (V) VIH (V) VOL (V) VOH (V) IOL
(18)

(mA)
IOH

(18)

(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 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 VCCIO – 0.2 0.1 –0.1

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

3.0-V PCI-X 2.85 3 3.15 — 0.35 × VCCIO 0.5 × VCCIO VCCIO + 0.3 0.1 × VCCIO 0.9 × VCCIO 1.5 –0.5

2.5 V 2.375 2.5 2.625 –0.3 0.7 1.7 3.6 0.4 2 1 –1

1.8 V 1.71 1.8 1.89 –0.3 0.35 × VCCIO 0.65 × VCCIO VCCIO + 0.3 0.45 VCCIO – 0.45 2 –2

1.5 V 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 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

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

Table 16. Single-Ended SSTL, HSTL, and HSUL I/O Reference Voltage Specifications for Cyclone V Devices

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

Min Typ Max Min Typ Max Min Typ Max

SSTL-2 Class I,
II

2.375 2.5 2.625 0.49 × VCCIO 0.5 × VCCIO 0.51 × VCCIO VREF – 0.04 VREF VREF + 0.04

SSTL-18 Class I,
II

1.71 1.8 1.89 0.833 0.9 0.969 VREF – 0.04 VREF VREF + 0.04

continued...   

(18) 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.
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I/O Standard VCCIO (V) VID (mV)(21) VICM(DC) (V) VOD (V)(22) VOCM (V)(22)(23)

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

LVPECL(29) — — — 300 — — 0.60 DMAX ≤ 700
Mbps

1.80 — — — — — —

1.00 DMAX > 700
Mbps

1.60

SLVS 2.375 2.5 2.625 100 VCM = 1.25
V

— 0.05 — 1.80 — — — — — —

Sub-LVDS 2.375 2.5 2.625 100 VCM = 1.25
V

— 0.05 — 1.80 — — — — — —

HiSpi 2.375 2.5 2.625 100 VCM = 1.25
V

— 0.05 — 1.80 — — — — — —

Related Information

• AN522: Implementing Bus LVDS Interface in Supported Intel Device Families
Provides more information about BLVDS interface support in Intel devices.

• Transceiver Specifications for Cyclone V GX, GT, SX, and ST Devices on page 25
Provides the specifications for transmitter, receiver, and reference clock I/O pin.

Switching Characteristics

This section provides performance characteristics of Cyclone V core and periphery blocks.

(21) The minimum VID value is applicable over the entire common mode range, VCM.

(22) RL range: 90 ≤ RL ≤ 110 Ω.

(23) This applies to default pre-emphasis setting only.

(29) For optimized LVPECL receiver performance, the receiver voltage input range must be within 0.85 V to 1.75 V for data rate above 700
Mbps and 0.45 V to 1.95 V for data rate below 700 Mbps.
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Symbol/Description Condition Transceiver Speed Grade 5(30) Transceiver Speed Grade 6 Transceiver Speed Grade 7 Unit

Min Typ Max Min Typ Max Min Typ Max

VICM (AC coupled) — VCCE_GXBL supply(34)(35) VCCE_GXBL supply VCCE_GXBL supply V

VICM (DC coupled) HCSL I/O standard for
the PCIe reference

clock

250 — 550 250 — 550 250 — 550 mV

Transmitter REFCLK phase
noise(36)

10 Hz — — –50 — — –50 — — –50 dBc/Hz

100 Hz — — –80 — — –80 — — –80 dBc/Hz

1 KHz — — –110 — — –110 — — –110 dBc/Hz

10 KHz — — –120 — — –120 — — –120 dBc/Hz

100 KHz — — –120 — — –120 — — –120 dBc/Hz

≥1 MHz — — –130 — — –130 — — –130 dBc/Hz

RREF — — 2000
±1%

— — 2000
±1%

— — 2000
±1%

— Ω

(30) Transceiver Speed Grade 5 covers specifications for Cyclone V GT and ST devices.

(34) Intel recommends increasing the VCCE_GXBL and VCCL_GXBL typical value from 1.1 V to 1.2 V for Cyclone V GT and ST FPGA systems
which require full compliance to the PCIe Gen2 transmit jitter specification. For more information about the maximum full duplex
channels recommended in Cyclone V GT and ST devices under this condition, refer to the Transceiver Protocol Configurations in
Cyclone V Devices chapter.

(35) Intel recommends increasing the VCCE_GXBL and VCCL_GXBL typical value from 1.1 V to 1.2 V for full compliance to CPRI transmit jitter
specification at 4.9152 Gbps (Cyclone V GT and ST devices) and 6.144 Gbps (Cyclone V GT and ST devices only). For more
information about the maximum full duplex channels recommended in Cyclone V GT and ST devices for CPRI 6.144 Gbps, refer to the
Transceiver Protocol Configurations in Cyclone V Devices chapter.

(36) The transmitter REFCLK phase jitter is 30 ps p-p at bit error rate (BER) 10-12.
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Symbol VOD Setting(48) VOD Value (mV) VOD Setting(48) VOD Value (mV)

25 500 53 1060

26 520 54 1080

27 540 55 1100

28 560 56 1120

29 580 57 1140

30 600 58 1160

31 620 59 1180

32 640 60 1200

33 660

Transmitter Pre-Emphasis Levels

The following table lists the simulation data on the transmitter pre-emphasis levels in dB for the first post tap under the
following conditions:

• Low-frequency data pattern—five 1s and five 0s

• Data rate—2.5 Gbps

The levels listed are a representation of possible pre-emphasis levels under the specified conditions only and the pre-
emphasis levels may change with data pattern and data rate.

Cyclone V devices only support 1st post tap pre-emphasis with the following conditions:

• The 1st post tap pre-emphasis settings must satisfy |B| + |C| ≤ 60 where |B| = VOD setting with termination value, RTERM
= 100 Ω and |C| = 1st post tap pre-emphasis setting.

• |B| – |C| > 5 for data rates < 5 Gbps and |B| – |C| > 8.25 for data rates > 5 Gbps.

• (VMAX/VMIN – 1)% < 600%, where VMAX = |B| + |C| and VMIN = |B| – |C|.

(48) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.
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Transceiver Compliance Specification

The following table lists the physical medium attachment (PMA) specification compliance of all supported protocol for Cyclone
V GX, GT, SX, and ST devices. For more information about the protocol parameter details and compliance specifications,
contact your Intel Sales Representative.

Table 29. Transceiver Compliance Specification for All Supported Protocol for Cyclone V GX, GT, SX, and ST Devices

Protocol Sub-protocol Data Rate (Mbps)

PCIe PCIe Gen1 2,500

PCIe Gen2(50) 5,000

PCIe Cable 2,500

XAUI XAUI 2135 3,125

Serial RapidIO® (SRIO) SRIO 1250 SR 1,250

SRIO 1250 LR 1,250

SRIO 2500 SR 2,500

SRIO 2500 LR 2,500

SRIO 3125 SR 3,125

SRIO 3125 LR 3,125

SRIO 5000 SR 5,000

SRIO 5000 MR 5,000

SRIO 5000 LR 5,000

Common Public Radio Interface (CPRI) CPRI E6LV 614.4

CPRI E6HV 614.4

CPRI E6LVII 614.4

continued...   

(50) For PCIe Gen2 sub-protocol, Intel recommends increasing the VCCE_GXBL and VCCL_GXBL typical value from 1.1 V to 1.2 V for Cyclone V
GT and ST FPGA systems which ensure full compliance to the PCIe Gen2 transmit jitter specification. For more information about the
maximum full duplex channels recommended in Cyclone V GT and ST devices under this condition, refer to the Transceiver Protocol
Configurations in Cyclone V Devices chapter.
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Symbol Parameter Condition Min Typ Max Unit

–C8, –A7 speed grades 600 — 1300 MHz

tEINDUTY Input clock or external feedback clock input
duty cycle

— 40 — 60 %

fOUT Output frequency for internal global or
regional clock

–C6, –C7, –I7 speed
grades

— — 550(54) MHz

–C8, –A7 speed grades — — 460(54) MHz

fOUT_EXT Output frequency for external clock output –C6, –C7, –I7 speed
grades

— — 667(54) MHz

–C8, –A7 speed grades — — 533(54) MHz

tOUTDUTY Duty cycle for external clock output (when set
to 50%)

— 45 50 55 %

tFCOMP External feedback clock compensation time — — — 10 ns

tDYCONFIGCLK Dynamic configuration clock for mgmt_clk
and scanclk

— — — 100 MHz

tLOCK Time required to lock from end-of-device
configuration or deassertion of areset

— — — 1 ms

tDLOCK Time required to lock dynamically (after
switchover or reconfiguring any non-post-
scale counters/delays)

— — — 1 ms

fCLBW PLL closed-loop bandwidth Low — 0.3 — MHz

Medium — 1.5 — MHz

High(55) — 4 — MHz

tPLL_PSERR Accuracy of PLL phase shift — — — ±50 ps

continued...   

(53) The VCO frequency reported by the Intel Quartus Prime software takes into consideration the VCO post-scale counter K value.
Therefore, if the counter K has a value of 2, the frequency reported can be lower than the fVCO specification.

(54) This specification is limited by the lower of the two: I/O fMAX or FOUT of the PLL.

(55) High bandwidth PLL settings are not supported in external feedback mode.
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Memory Mode Resources Used Performance Unit

ALUTs Memory –C6 –C7, –I7 –C8, –A7

ROM, all supported width 0 1 420 350 300 MHz

M10K Block Single-port, all supported widths 0 1 315 275 240 MHz

Simple dual-port, all supported widths 0 1 315 275 240 MHz

Simple dual-port with the read-during-write
option set to Old Data, all supported widths

0 1 275 240 180 MHz

True dual port, all supported widths 0 1 315 275 240 MHz

ROM, all supported widths 0 1 315 275 240 MHz

Periphery Performance

This section describes the periphery performance, high-speed I/O, 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.
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Quad SPI Flash Timing Characteristics

Table 43. Quad Serial Peripheral Interface (SPI) Flash Timing Requirements for Cyclone V Devices

Symbol Description Min Typ Max Unit

Fclk SCLK_OUT clock frequency (External clock) — — 108 MHz

Tqspi_clk QSPI_CLK clock period (Internal reference clock) 2.32 — — ns

Tdutycycle SCLK_OUT duty cycle 45 — 55 %

Tdssfrst Output delay QSPI_SS valid before first clock edge — 1/2 cycle of
SCLK_OUT

— ns

Tdsslst Output delay QSPI_SS valid after last clock edge –1 — 1 ns

Tdio I/O data output delay –1 — 1 ns

Tdin_start Input data valid start — — (2 + Rdelay) ×
Tqspi_clk – 7.52 (68)

ns

Tdin_end Input data valid end (2 + Rdelay) ×
Tqspi_clk – 1.21 (68)

— — ns

Figure 6. Quad SPI Flash Timing Diagram
This timing diagram illustrates clock polarity mode 0 and clock phase mode 0.

QSPI_SS

SCLK_OUT

QSPI_DATA
Tdin_start

Tdsslst

Tdio

Tdin_end

Tdssfrst

Data Out Data In

(68) Rdelay is set by programming the register qspiregs.rddatacap. For the SoC EDS software version 13.1 and later, Intel provides
automatic Quad SPI calibration in the preloader. For more information about Rdelay, refer to the Quad SPI Flash Controller chapter in
the Cyclone V Hard Processor System Technical Reference Manual.
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Related Information

Quad SPI Flash Controller Chapter, Cyclone V Hard Processor System Technical Reference Manual
Provides more information about Rdelay.

SPI Timing Characteristics

Table 44. SPI Master Timing Requirements for Cyclone V Devices
The setup and hold times can be used for Texas Instruments SSP mode and National Semiconductor Microwire mode.

Symbol Description Min Max Unit

Tclk CLK clock period 16.67 — ns

Tsu SPI Master-in slave-out (MISO) setup time 8.35 (69) — ns

Th SPI MISO hold time 1 — ns

Tdutycycle SPI_CLK duty cycle 45 55 %

Tdssfrst Output delay SPI_SS valid before first clock edge 8 — ns

Tdsslst Output delay SPI_SS valid after last clock edge 8 — ns

Tdio Master-out slave-in (MOSI) output delay –1 1 ns

(69) This value is based on rx_sample_dly = 1 and spi_m_clk = 120 MHz. spi_m_clk is the internal clock that is used by SPI Master
to derive it’s SCLK_OUT. These timings are based on rx_sample_dly of 1. This delay can be adjusted as needed to accommodate
slower response times from the slave. Note that a delay of 0 is not allowed. The setup time can be used as a reference starting point.
It is very crucial to do a calibration to get the correct rx_sample_dly value because each SPI slave device may have different output
delay and each application board may have different path delay. For more information about rx_sample_delay, refer to the SPI
Controller chapter in the Hard Processor System Technical Reference Manual.
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Figure 8. SPI Slave Timing Diagram

SPI_SS

SPI_CLK (scpol = 0)
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SPI_CLK (scpol = 1)
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SPI_MISO (scph = 0)

Tsuss

Td

Td

Ts

Th

Ts Th

Thss

Related Information

SPI Controller, Cyclone V Hard Processor System Technical Reference Manual
Provides more information about rx_sample_delay.
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Figure 14. I2C Timing Diagram

Data In

Td

Data Out

I2C_SCL

I2C_SDA

Ts

Th
Tsu_start Thd_start

Tsu_stop

NAND Timing Characteristics

Table 52. NAND ONFI 1.0 Timing Requirements for Cyclone V Devices
The NAND controller supports Open NAND FLASH Interface (ONFI) 1.0 Mode 5 timing as well as legacy NAND devices. This table lists the requirements for ONFI
1.0 mode 5 timing. The HPS NAND controller can meet this timing by programming the C4 output of the main HPS PLL and timing registers provided in the NAND
controller.

Symbol Description Min Max Unit

Twp
(72) Write enable pulse width 10 — ns

Twh
(72) Write enable hold time 7 — ns

Trp
(72) Read enable pulse width 10 — ns

Treh
(72) Read enable hold time 7 — ns

Tclesu
(72) Command latch enable to write enable setup time 10 — ns

Tcleh
(72) Command latch enable to write enable hold time 5 — ns

Tcesu
(72) Chip enable to write enable setup time 15 — ns

Tceh
(72) Chip enable to write enable hold time 5 — ns

Talesu
(72) Address latch enable to write enable setup time 10 — ns

Taleh
(72) Address latch enable to write enable hold time 5 — ns

Tdsu
(72) Data to write enable setup time 10 — ns

Tdh
(72) Data to write enable hold time 5 — ns

continued...   

(72) Timing of the NAND interface is controlled through the NAND configuration registers.
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Figure 16. NAND Address Latch Timing Diagram

Address

NAND_CLE

NAND_WE

NAND_ALE

NAND_DQ[7:0]
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Tcesu

TwhTwp

Talesu Taleh
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Configuration Scheme Encryption Compression DCLK-to-DATA[] Ratio (r)

On Off 2

Off On 4

On On 4

FPP Configuration Timing when DCLK-to-DATA[] = 1

When you enable decompression or the design security feature, the DCLK-to-DATA[] ratio varies for FPP ×8 and FPP ×16. For
the respective DCLK-to-DATA[] ratio, refer to the DCLK-to-DATA[] Ratio for Cyclone V Devices table.

Table 58. FPP Timing Parameters When DCLK-to-DATA[] Ratio is 1 for Cyclone V Devices

Symbol Parameter Minimum Maximum Unit

tCF2CD nCONFIG low to CONF_DONE low — 600 ns

tCF2ST0 nCONFIG low to nSTATUS low — 600 ns

tCFG nCONFIG low pulse width 2 — µs

tSTATUS nSTATUS low pulse width 268 1506(77) µs

tCF2ST1 nCONFIG high to nSTATUS high — 1506(78) µs

tCF2CK
(79) nCONFIG high to first rising edge on DCLK 1506 — µs

tST2CK
(79) nSTATUS high to first rising edge of DCLK 2 — µs

tDSU DATA[] setup time before rising edge on DCLK 5.5 — ns

tDH DATA[] hold time after rising edge on DCLK 0 — ns

tCH DCLK high time 0.45 × 1/fMAX — s

continued...   

(77) You can obtain this value if you do not delay configuration by extending the nCONFIG or the nSTATUS low pulse width.

(78) You can obtain this value if you do not delay configuration by externally holding the nSTATUS low.

(79) If nSTATUS is monitored, follow the tST2CK specification. If nSTATUS is not monitored, follow the tCF2CK specification.
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Symbol Parameter Minimum Maximum Unit

tCL DCLK low time 0.45 × 1/fMAX — s

tCLK DCLK period 1/fMAX — s

fMAX DCLK frequency (FPP ×8/ ×16) — 125 MHz

tCD2UM CONF_DONE high to user mode(80) 175 437 µs

tCD2CU CONF_DONE high to CLKUSR enabled 4× maximum DCLK period — —

tCD2UMC CONF_DONE high to user mode with CLKUSR option on tCD2CU + (Tinit × CLKUSR period) — —

Tinit Number of clock cycles required for device initialization 8,576 — Cycles

Related Information

• FPP Configuration Timing
Provides the FPP configuration timing waveforms.

• DCLK-to-DATA[] Ratio (r) for FPP Configuration on page 69

FPP Configuration Timing when DCLK-to-DATA[] >1

Table 59. FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for Cyclone V Devices
Use these timing parameters when you use the decompression and design security features.

Symbol Parameter Minimum Maximum Unit

tCF2CD nCONFIG low to CONF_DONE low — 600 ns

tCF2ST0 nCONFIG low to nSTATUS low — 600 ns

tCFG nCONFIG low pulse width 2 — µs

tSTATUS nSTATUS low pulse width 268 1506(81) µs

tCF2ST1 nCONFIG high to nSTATUS high — 1506(82) µs

continued...   

(80) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.

(81) This value can be obtained if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
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Programmable Output Buffer Delay

Table 69. Programmable Output Buffer Delay for Cyclone V Devices

This table lists the delay chain settings that control the rising and falling edge delays of the output buffer.

You can set the programmable output buffer delay in the Intel Quartus Prime software by setting the Output Buffer Delay Control assignment to either
positive, negative, or both edges, with the specific values stated here (in ps) for the Output Buffer Delay assignment.

Symbol Parameter Typical Unit

DOUTBUF Rising and/or falling edge delay 0 (default) ps

50 ps

100 ps

150 ps

Glossary

Table 70. Glossary

Term Definition

Differential I/O standards Receiver Input Waveforms
 

continued...   
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Term Definition

Single-Ended Waveform

Differential Waveform

Positive Channel (p) = VOH

Negative Channel (n) = VOL

Ground

VOD

VOD

VOD

p - n = 0 V

VCM

 

fHSCLK Left/right PLL input clock frequency.

fHSDR High-speed I/O block—Maximum/minimum LVDS data transfer rate (fHSDR =1/TUI).

J High-speed I/O block—Deserialization factor (width of parallel data bus).

JTAG timing specifications JTAG Timing Specifications
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Term Definition

Core Clock

External FeedbackReconfigurable in User Mode

Legend

CLK

N
PFD

Switchover

Delta Sigma 
Modulator

VCOCP LF

CLKOUT Pins

GCLK

RCLK

Counters 
C0..C17

4

Note:
(1) Core Clock can only be fed by dedicated clock input pins or PLL outputs.

fIN fINPFD

fVCO

fOUT_EXT

fOUT

 

RL Receiver differential input discrete resistor (external to the Cyclone V device).

Sampling window (SW) Timing diagram—The period of time during which the data must be valid in order to capture it correctly. The setup and hold times
determine the ideal strobe position in the sampling window, as shown:
 

Bit Time

0.5 x TCCS RSKM Sampling Window
(SW)

RSKM 0.5 x TCCS
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Document Revision History for Cyclone V Device Datasheet

Document
Version

Changes

2018.05.07 • Added description about the low-power option ("L" suffix) for Cyclone V SE and SX devices.
• Added the Cyclone V Devices Overshoot Duration diagram.
• Removed the description on SD/MMC interface calibration support in the Secure Digital (SD)/MultiMediaCard (MMC) Timing Requirements for Cyclone

V Devices table. This feature is currently supported in the preloader.
• Removed the note to Cyclone V SE A2 and A4 devices, and Cyclone V SX C2 and C4 devices in the Uncompressed .rbf Sizes for Cyclone V Devices

table. These devices are currently supported in the Intel Quartus Prime software.
• Removed PowerPlay text from tool name.
• Updated the IP name from ALTREMOTE_UPDATE to Remote Update Intel FPGA IP.
• Rebranded as Intel.
• Added the Low Power Variants table and the estimating power consumption steps to the "Cyclone V Device Datasheet" Overview section.
• Updated the minimum value for tDH to 2.5 for -6 speed grade/2.9 for -7 and -8 speed grade.

Date Version Changes

December 2016 2016.12.09 • Updated VICM (AC coupled) specifications for 1.5 V PCML in Receiver Specifications for Cyclone V GX, GT, SX, and ST
Devices table.

• Added maximum specification for Td in Management Data Input/Output (MDIO) Timing Requirements for Cyclone V
Devices table.

• Updated Tinit specifications in the following tables:
— FPP Timing Parameters When DCLK-to-DATA[] Ratio is 1 for Cyclone V Devices
— FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for Cyclone V Devices
— AS Timing Parameters for AS ×1 and ×4 Configurations in Cyclone V Devices
— PS Timing Parameters for Cyclone V Devices

June 2016 2016.06.10 • Changed pin capacitance to maximum values.
• Updated SPI Master Timing Requirements for Cyclone V Devices table.

— Added Tsu and Th specifications.
— Removed Tdinmax specifications.

• Updated SPI Master Timing Diagram.
• Updated Tclk spec from maximum to minimum in I2C Timing Requirements for Cyclone V Devices table.
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