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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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Symbol Description Condition Minimum(7) Typical Maximum(7) Unit

VCCPD_HPS (8)

HPS I/O
pre-driver
power
supply

3.3 V 3.135 3.3 3.465 V
3.0 V 2.85 3.0 3.15 V
2.5 V 2.375 2.5 2.625 V

VCCIO_HPS

HPS I/O
buffers
power
supply

3.3 V 3.135 3.3 3.465 V
3.0 V 2.85 3.0 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 (9) 1.283 1.35 1.418 V
1.2 V 1.14 1.2 1.26 V

VCCRSTCLK_HPS

HPS reset
and clock
input pins
power
supply

3.3 V 3.135 3.3 3.465 V
3.0 V 2.85 3.0 3.15 V
2.5 V 2.375 2.5 2.625 V
1.8 V 1.71 1.8 1.89 V

VCCPLL_HPS HPS PLL
analog
voltage
regulator
power
supply

— 2.375 2.5 2.625 V

(7) The power supply value describes the budget for the DC (static) power supply tolerance and does not include the dynamic tolerance requirements.
Refer to the PDN tool for the additional budget for the dynamic tolerance requirements.

(8) VCCPD_HPS must be 2.5 V when VCCIO_HPS is 2.5, 1.8, 1.5, or 1.2 V. VCCPD_HPS must be 3.0 V when VCCIO_HPS is 3.0 V. VCCPD_HPS must be 3.3 V when
VCCIO_HPS is 3.3 V.

(9) VCCIO_HPS 1.35 V is supported for HPS row I/O bank only.
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I/O Pin Leakage Current

Table 1-6: I/O Pin Leakage Current for Arria 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 1-7: Bus Hold Parameters for Arria V Devices

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

Parameter Symbol Condition

VCCIO (V)

Unit1.2 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
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Parameter Symbol Condition

VCCIO (V)

Unit1.2 1.5 1.8 2.5 3.0 3.3

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

Bus-hold
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.

Table 1-8: OCT Calibration Accuracy Specifications for Arria V Devices

Calibration accuracy for the calibrated on-chip series termination (RS OCT) and on-chip parallel termination (RT OCT) are applicable at the
moment of calibration. When process, voltage, and temperature (PVT) conditions change after calibration, the tolerance may change.

Symbol Description Condition (V)
Calibration Accuracy

Unit
–I3, –C4 –I5, –C5 –C6

25-Ω RS Internal series termination with
calibration (25-Ω setting)

VCCIO = 3.0, 2.5, 1.8, 1.5,
1.2

±15 ±15 ±15 %

50-Ω RS Internal series termination with
calibration (50-Ω setting)

VCCIO = 3.0, 2.5, 1.8, 1.5,
1.2

±15 ±15 ±15 %

34-Ω and 40-Ω RS Internal series termination with
calibration (34-Ω and 40-Ω
setting)

VCCIO = 1.5, 1.35, 1.25,
1.2

±15 ±15 ±15 %

48-Ω, 60-Ω, and 80-
Ω RS

Internal series termination with
calibration (48-Ω, 60-Ω, and
80-Ω setting)

VCCIO = 1.2 ±15 ±15 ±15 %

50-Ω RT Internal parallel termination
with calibration (50-Ω setting)

VCCIO = 2.5, 1.8, 1.5, 1.2 –10 to +40 –10 to +40 –10 to +40 %

20-Ω, 30-Ω, 40-Ω,60-
Ω, and 120-Ω RT

Internal parallel termination
with calibration (20-Ω, 30-Ω,
40-Ω, 60-Ω, and 120-Ω setting)

VCCIO = 1.5, 1.35, 1.25 –10 to +40 –10 to +40 –10 to +40 %

1-12 OCT Calibration Accuracy Specifications
AV-51002

2017.02.10

Altera Corporation Arria V GX, GT, SX, and ST Device Datasheet

Send Feedback

mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Arria%20V%20GX,%20GT,%20SX,%20and%20ST%20Device%20Datasheet%20(AV-51002%202017.02.10)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.


Symbol/Description Condition
Transceiver Speed Grade 4 Transceiver Speed Grade 6

Unit
Min Typ Max Min Typ Max

Inter-transceiver block
transmitter channel-to-
channel skew(39)

×N PMA bonded mode — — 500 — — 500 ps

Table 1-24: CMU PLL Specifications for Arria V GX and SX Devices

Symbol/Description
Transceiver Speed Grade 4 Transceiver Speed Grade 6

Unit
Min Max Min Max

Supported data range 611 6553.6 611 3125 Mbps
fPLL supported data range 611 3125 611 3125 Mbps

Table 1-25: Transceiver-FPGA Fabric Interface Specifications for Arria V GX and SX Devices

Symbol/Description
Transceiver Speed Grade 4 and 6

Unit
Min Max

Interface speed (single-width mode) 25 187.5 MHz
Interface speed (double-width mode) 25 163.84 MHz

Related Information

• CTLE Response at Data Rates > 3.25 Gbps across Supported AC Gain and DC Gain on page 1-35
• CTLE Response at Data Rates ≤ 3.25 Gbps across Supported AC Gain and DC Gain on page 1-36
• Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines

Provides more information about the power supply connection for different data rates.

(39) This specification is only applicable to channels on one side of the device across two transceiver banks.

1-28 Transceiver Specifications for Arria V GX and SX Devices
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Protocol Sub-protocol Data Rate (Mbps)

Common Public Radio Interface (CPRI)

CPRI E6LV 614.4
CPRI E6HV 614.4
CPRI E6LVII 614.4
CPRI E12LV 1,228.8
CPRI E12HV 1,228.8
CPRI E12LVII 1,228.8
CPRI E24LV 2,457.6

CPRI E24LVII 2,457.6
CPRI E30LV 3,072

CPRI E30LVII 3,072
CPRI E48LVII 4,915.2
CPRI E60LVII 6,144

CPRI E96LVIII(60) 9,830.4
Gbps Ethernet (GbE) GbE 1250 1,250

OBSAI

OBSAI 768 768
OBSAI 1536 1,536
OBSAI 3072 3,072
OBSAI 6144 6,144

Serial digital interface (SDI)
SDI 270 SD 270

SDI 1485 HD 1,485
SDI 2970 3G 2,970

(60) You can achieve compliance with TX channel restriction of one HSSI channel per six-channel transceiver bank.

1-42 Transceiver Compliance Specification
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Symbol Parameter Condition Min Typ Max Unit

tCASC_OUTPJ_DC
(67)(71) Period jitter for dedicated clock output

in cascaded PLLs
FOUT ≥ 100 MHz — — 175 ps (p-p)
FOUT < 100 MHz — — 17.5 mUI (p-p)

tDRIFT Frequency drift after PFDENA is disabled
for a duration of 100 µs

— — — ±10 %

dKBIT Bit number of Delta Sigma Modulator
(DSM)

— 8 24 32 bits

kVALUE Numerator of fraction — 128 8388608 2147483648 —
fRES Resolution of VCO frequency fINPFD = 100 MHz 390625 5.96 0.023 Hz

Related Information
Memory Output Clock Jitter Specifications on page 1-57
Provides more information about the external memory interface clock output jitter specifications.

(71) The cascaded PLL specification is only applicable with the following conditions:
• Upstream PLL: 0.59 MHz ≤ Upstream PLL BW < 1 MHz
• Downstream PLL: Downstream PLL BW > 2 MHz
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DSP Block Performance Specifications

Table 1-37: DSP Block Performance Specifications for Arria V Devices

Mode
Performance

Unit
–I3, –C4 –I5, –C5 –C6

Modes using One DSP
Block

Independent 9 × 9 multiplication 370 310 220 MHz
Independent 18 × 19 multiplication 370 310 220 MHz
Independent 18 × 25 multiplication 370 310 220 MHz
Independent 20 × 24 multiplication 370 310 220 MHz
Independent 27 × 27 multiplication 310 250 200 MHz
Two 18 × 19 multiplier adder mode 370 310 220 MHz
18 × 18 multiplier added summed with 36-
bit input

370 310 220 MHz

Modes using Two
DSP Blocks

Complex 18 × 19 multiplication 370 310 220 MHz

Memory Block Performance Specifications

To achieve the maximum memory block performance, use a memory block clock that comes through global clock routing from an on-chip PLL
and set to 50% output duty cycle. Use the Quartus Prime software to report timing for the memory block clocking schemes.

When you use the error detection cyclical redundancy check (CRC) feature, there is no degradation in fMAX.

1-48 DSP Block Performance Specifications
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Figure 1-10: SPI Slave Timing Diagram
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Related Information
SPI Controller, Arria V Hard Processor System Technical Reference Manual
Provides more information about rx_sample_delay.

SD/MMC Timing Characteristics

Table 1-54: Secure Digital (SD)/MultiMediaCard (MMC) Timing Requirements for Arria V Devices

After power up or cold reset, the Boot ROM uses drvsel = 3 and smplsel = 0 to execute the code. At the same time, the SD/MMC controller enters
the Identification Phase followed by the Data Phase. During this time, the value of interface output clock SDMMC_CLK_OUT changes from a maximum
of 400 kHz (Identification Phase) up to a maximum of 12.5 MHz (Data Phase), depending on the internal reference clock SDMMC_CLK and the CSEL
setting. The value of SDMMC_CLK is based on the external oscillator frequency and has a maximum value of 50 MHz.

1-64 SD/MMC Timing Characteristics
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Variant Member Code Configuration .rbf Size (bits) IOCSR .rbf Size (bits)

Arria V GX

A1 71,015,712 439,960
A3 71,015,712 439,960
A5 101,740,800 446,360
A7 101,740,800 446,360
B1 137,785,088 457,368
B3 137,785,088 457,368
B5 185,915,808 463,128
B7 185,915,808 463,128

Arria V GT

C3 71,015,712 439,960
C7 101,740,800 446,360
D3 137,785,088 457,368
D7 185,915,808 463,128

Arria V SX
B3 185,903,680 450,968
B5 185,903,680 450,968

Arria V ST
D3 185,903,680 450,968
D5 185,903,680 450,968

Minimum Configuration Time Estimation

Table 1-73: Minimum Configuration Time Estimation for Arria V Devices

The estimated values are based on the configuration .rbf sizes in Uncompressed .rbf Sizes for Arria V Devices table.

1-84 Minimum Configuration Time Estimation
AV-51002

2017.02.10

Altera Corporation Arria V GX, GT, SX, and ST Device Datasheet

Send Feedback

mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Arria%20V%20GX,%20GT,%20SX,%20and%20ST%20Device%20Datasheet%20(AV-51002%202017.02.10)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.


Date Version Changes

December 2015 2015.12.16 • Updated Quad Serial Peripheral Interface (SPI) Flash Timing Requirements for Arria V Devices table.

• Updated Fclk, Tdutycycle, and Tdssfrst specifications.
• Added Tqspi_clk, Tdin_start, and Tdin_end specifications.
• Removed Tdinmax specifications.

• Updated the minimum specification for Tclk to 16.67 ns and removed the maximum specification in SPI
Master Timing Requirements for Arria V Devices table.

• Updated Secure Digital (SD)/MultiMediaCard (MMC) Timing Requirements for Arria V Devices table.

• Updated T clk to Tsdmmc_clk_out symbol.
• Updated Tsdmmc_clk_out and Td specifications.
• Added Tsdmmc_clk, Tsu, and Th specifications.
• Removed Tdinmax specifications.

• Updated the following diagrams:

• Quad SPI Flash Timing Diagram
• SD/MMC Timing Diagram

• Updated configuration .rbf sizes for Arria V devices.
• Changed instances of Quartus II to Quartus Prime.
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Date Version Changes

July 2014 3.8 • Added a note in Table 3, Table 4, and Table 5: The power supply value describes the budget for the DC
(static) power supply tolerance and does not include the dynamic tolerance requirements. Refer to the PDN
tool for the additional budget for the dynamic tolerance requirements.

• Updated VCC_HPS specification in Table 5.
• Added a note in Table 19: Differential inputs are powered by VCCPD which requires 2.5 V.
• Updated "Minimum differential eye opening at the receiver serial input pins" specification in Table 20 and

Table 21.
• Updated description in “HPS PLL Specifications” section.
• Updated VCO range maximum specification in Table 39.
• Updated Td and Th specifications in Table 45.
• Added Th specification in Table 47 and Figure 13.
• Updated a note in Figure 20, Figure 21, and Figure 23 as follows: Do not leave DCLK floating after configura‐

tion. DCLK is ignored after configuration is complete. It can toggle high or low if required.
• Removed “Remote update only in AS mode” specification in Table 58.
• Added DCLK device initialization clock source specification in Table 60.
• Added description in “Configuration Files” section: The IOCSR .rbf size is specifically for the Configura‐

tion via Protocol (CvP) feature.
• Removed fMAX_RU_CLK specification in Table 63.

February 2014 3.7 • Updated VCCRSTCLK_HPS maximum specification in Table 1.
• Added VCC_AUX_SHARED specification in Table 1.

December 2013 3.6 • Added “HPS PLL Specifications”.
• Added Table 24, Table 39, and Table 40.
• Updated Table 1, Table 3, Table 5, Table 19, Table 20, Table 21, Table 38, Table 41, Table 42, Table 43, Table

44, Table 45, Table 46, Table 47, Table 48, Table 49, Table 50, Table 51, Table 55, Table 56, and Table 59.
• Updated Figure 7, Figure 13, Figure 15, Figure 16, and Figure 19.
• Removed table: GPIO Pulse Width for Arria V Devices.
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Date Version Changes

June 2012 2.0 • Updated for the Quartus II software v12.0 release:
• Restructured document.
• Updated “Supply Current and Power Consumption” section.
• Updated Table 20, Table 21, Table 24, Table 25, Table 26, Table 35, Table 39, Table 43, and Table 52.
• Added Table 22, Table 23, and Table 33.
• Added Figure 1–1 and Figure 1–2.
• Added “Initialization” and “Configuration Files” sections.

February 2012 1.3 • Updated Table 2–1.
• Updated Transceiver-FPGA Fabric Interface rows in Table 2–20.
• Updated VCCP description.

December 2011 1.2 Updated Table 2–1 and Table 2–3.

November 2011 1.1 • Updated Table 2–1, Table 2–19, Table 2–26, and Table 2–36.
• Added Table 2–5.
• Added Figure 2–4.

August 2011 1.0 Initial release.
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I/O Standard Specifications

The VOL and VOH values are valid at the corresponding IOH and IOL, respectively.

Table 2-16: Single-Ended I/O Standards for Arria V GZ Devices

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

LVTTL 2.85 3 3.15 –0.3 0.8 1.7 3.6 0.4 2.4 2 –2

LVCMOS 2.85 3 3.15 –0.3 0.8 1.7 3.6 0.2 VCCIO – 0.2 0.1 –0.1

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

Table 2-17: Single-Ended SSTL, HSTL, and HSUL I/O Reference Voltage Specifications for Arria V GZ 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

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
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Symbol/Description Conditions
Transceiver Speed Grade 2 Transceiver Speed Grade 3

Unit
Min Typ Max Min Typ Max

Maximum peak-to-peak differential
input voltage VID (diff p-p) before
device configuration

— — — 1.6 — — 1.6 V

Maximum peak-to-peak differential
input voltage VID (diff p-p) after
device configuration (146)

VCCR_GXB = 1.0 V 
(VICM = 0.75 V)

— — 1.8 — — 1.8 V

VCCR_GXB = 0.85 V
(VICM = 0.6 V)

— — 2.4 — — 2.4 V

Minimum differential eye opening at
receiver serial input pins (147)(148)

— 85 — — 85 — — mV

Differential on-chip termination
resistors

85−Ω setting — 85 ± 30% — — 85
± 30%

— Ω

100−Ω setting — 100
± 30%

— — 100
± 30%

— Ω

120−Ω setting — 120
± 30%

— — 120
± 30%

— Ω

150−Ω setting — 150
± 30%

— — 150
± 30%

— Ω

(146) The maximum peak to peak differential input voltage VID after device configuration is equal to 4 × (absolute VMAX for receiver pin - VICM).
(147) The differential eye opening specification at the receiver input pins assumes that Receiver Equalization is disabled. If you enable Receiver Equaliza‐

tion, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.
(148) Minimum eye opening of 85 mV is only for the unstressed input eye condition.
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Symbol/Description Conditions
Transceiver Speed Grade 2 Transceiver Speed Grade 3

Unit
Min Typ Max Min Typ Max

Supported data range — 600 — 3250/
3125(158)

600 — 3250/
3125 (158)

Mbps

tpll_powerdown
(159) — 1 — — 1 — — µs

tpll_lock 
(160) — — — 10 — 10 µs

Related Information
Arria V Device Overview
For more information about device ordering codes.

Clock Network Data Rate

Table 2-29: Clock Network Maximum Data Rate Transmitter Specifications

Valid data rates below the maximum specified in this table depend on the reference clock frequency and the PLL counter settings. Check the
MegaWizard message during the PHY IP instantiation.

Clock Network

ATX PLL CMU PLL (161) fPLL

Non-bonded
Mode (Gbps)

Bonded
Mode (Gbps)

Channel
Span

Non-bonded
Mode (Gbps)

Bonded
Mode (Gbps)

Channel
Span

Non-bonded
Mode (Gbps)

Bonded
Mode (Gbps)

Channel
Span

x1 (162) 12.5 — 6 12.5 — 6 3.125 — 3

x6 (162) — 12.5 6 — 12.5 6 — 3.125 6

x6 PLL Feedback (163) — 12.5 Side-wide — 12.5 Side-wide — — —

(158) When you use fPLL as a TXPLL of the transceiver.
(159) tpll_powerdown is the PLL powerdown minimum pulse width.
(160) tpll_lock is the time required for the transmitter CMU/ATX PLL to lock to the input reference clock frequency after coming out of reset.
(161) ATX PLL is recommended at 8 Gbps and above data rates for improved jitter performance.
(162) Channel span is within a transceiver bank.
(163) Side-wide channel bonding is allowed up to the maximum supported by the PHY IP.
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Core Performance Specifications

Clock Tree Specifications

Table 2-33: Clock Tree Performance for Arria V GZ Devices

Symbol
Performance

Unit
C3, I3L C4, I4

Global and Regional Clock 650 580 MHz

Periphery Clock 500 500 MHz

PLL Specifications

Table 2-34: PLL Specifications for Arria V GZ Devices

Symbol Parameter Min Typ Max Unit

fIN (167)
Input clock frequency (C3, I3L speed grade) 5 — 800 MHz

Input clock frequency (C4, I4 speed grade) 5 — 650 MHz

fINPFD Input frequency to the PFD 5 — 325 MHz

fFINPFD Fractional Input clock frequency to the PFD 50 — 160 MHz

fVCO (168)
PLL VCO operating range (C3, I3L speed grade) 600 — 1600 MHz

PLL VCO operating range (C4, I4 speed grade) 600 — 1300 MHz

tEINDUTY Input clock or external feedback clock input duty
cycle

40 — 60 %

(167) This specification is limited in the Quartus II software by the I/O maximum frequency. The maximum I/O frequency is different for each I/O
standard.

(168) The VCO frequency reported by the Quartus II software in the PLL Usage Summary section of the compilation report 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.
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DLL Range Specifications

Table 2-47: DLL Range Specifications for Arria V GZ Devices

Arria V GZ devices support memory interface frequencies lower than 300 MHz, although the reference clock that feeds the DLL must be at least
300 MHz. To support interfaces below 300 MHz, multiply the reference clock feeding the DLL to ensure the frequency is within the supported
range of the DLL.

Parameter C3, I3L C4, I4 Unit

DLL operating frequency range 300 – 890 300 – 890 MHz

DQS Logic Block Specifications

Table 2-48: DQS Phase Offset Delay Per Setting for Arria V GZ Devices

The typical value equals the average of the minimum and maximum values.

The delay settings are linear with a cumulative delay variation of 40 ps for all speed grades. For example, when using a –3 speed grade and applying
a 10-phase offset setting to a 90° phase shift at 400 MHz, the expected average cumulative delay is [625 ps + (10 × 11 ps) ± 20 ps] = 735 ps ± 20 ps.

Speed Grade Min Max Unit

C3, I3L 8 15 ps

C4, I4 8 16 ps

Table 2-49: DQS Phase Shift Error Specification for DLL-Delayed Clock (tDQS_PSERR) for Arria V GZ Devices

This error specification is the absolute maximum and minimum error. For example, skew on three DQS delay buffers in a –3 speed grade is ±84 ps
or ±42 ps.

Number of DQS Delay Buffers C3, I3L C4, I4 Unit

1 30 32 ps

2 60 64 ps

3 90 96 ps
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FPP Configuration Timing when DCLK to DATA[] = 1

Figure 2-7: FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is 1

Timing waveform for FPP configuration when using a MAX® II or MAX V device as an external host.

nCONFIG

nSTATUS (2)

CONF_DONE (3)

DCLK

DATA[31..0]

User I/O

INIT_DONE

Word 0 Word 1 Word 2 Word 3

tCD2UM

tCF2ST1

tCF2CD

tCFG

tCH tCL

tDH

tDSU

tCF2CK

tSTATUS
tCLKtCF2ST0

tST2CK

High-Z User Mode

(5)

(7)

(4)

User ModeWord n-2 Word n-1

(6)

Notes:
1. The beginning of this waveform shows the device in user mode. In user mode, 
    nCONFIG, nSTATUS, and CONF_DONE are at logic-high levels. When nCONFIG is 
    pulled low, a reconfiguration cycle begins.
2. After power-up, the Arria V GZ device holds nSTATUS low for the time of the POR delay.
3. After power-up, before and during configuration, CONF_DONE is low.
4. Do not leave DCLK floating after configuration. DCLK is ignored after configuration is complete. 
     It can toggle high or low if required.
5. For FPP ×16, use DATA[15..0]. For FPP ×8, use DATA[7..0]. DATA[31..0] are available as a user I/O
     pin after configuration. The state of this pin depends on the dual-purpose pin settings.
6. To ensure a successful configuration, send the entire configuration data to the Arria V GZ device. 
     CONF_DONE is released high when the Arria V GZ device receives all the configuration data
     successfully. After CONF_DONE goes high, send two additional falling edges on DCLK to begin
     initialization and enter user mode.
7. After the option bit to enable the INIT_DONE pin is configured into the device, the INIT_DONE
     goes low.
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Related Information

• Configuration, Design Security, and Remote System Upgrades in Arria V Devices
For more information about the reconfiguration input for the ALTREMOTE_UPDATE IP core, refer to the “User Watchdog Timer” section.

• Configuration, Design Security, and Remote System Upgrades in Arria V Devices
For more information about the reset_timer input for the ALTREMOTE_UPDATE IP core, refer to the “Remote System Upgrade State
Machine” section.

User Watchdog Internal Oscillator Frequency Specification

Table 2-65: User Watchdog Internal Oscillator Frequency Specifications

Minimum Typical Maximum Unit

5.3 7.9 12.5 MHz

I/O Timing
Altera offers two ways to determine I/O timing—the Excel-based I/O Timing and the Quartus II Timing Analyzer.

Excel-based I/O timing provides pin timing performance for each device density and speed grade. 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 Quartus II Timing Analyzer provides a more accurate and precise I/O timing data based on the specifics of the design after you complete place-
and-route.

Related Information
Arria V Devices Documentation page
For the Excel-based I/O Timing spreadsheet

(226) This is equivalent to strobing the reconfiguration input of the ALTREMOTE_UPDATE IP core high for the minimum timing specification. For more
information, refer to the “Remote System Upgrade State Machine” section in the Configuration, Design Security, and Remote System Upgrades in
Arria V Devices chapter.

(227) This is equivalent to strobing the reset_timer input of the ALTREMOTE_UPDATE IP core high for the minimum timing specification. For more
information, refer to the “User Watchdog Timer” section in the Configuration, Design Security, and Remote System Upgrades in Arria V Devices
chapter.
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Term Definition

tC High-speed receiver and transmitter input and output clock period.

TCCS (channel-to-
channel-skew)

The timing difference between the fastest and slowest output edges, including tCO variation and clock skew, across channels
driven by the same PLL. The clock is included in the TCCS measurement (refer to the Timing Diagram figure under SW in
this table).

tDUTY High-speed I/O block—Duty cycle on the high-speed transmitter output clock.

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

tINCCJ Cycle-to-cycle jitter tolerance on the PLL clock input.

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

tOUTPJ_DC Period jitter on the dedicated clock output driven by a PLL.

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

Timing Unit Interval
(TUI)

The timing budget allowed for skew, propagation delays, and the data sampling window.
(TUI = 1/(receiver input clock frequency multiplication factor) = tC/w)

VCM(DC) DC common mode input voltage.

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.

VDIF(AC) AC differential input voltage—Minimum AC input differential voltage required for switching.

VDIF(DC) DC differential input voltage— Minimum DC input differential voltage required for switching.

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
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