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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(1) Typical Maximum(1) Unit

VCCIO 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 1.283 1.35 1.418 V
1.25 V 1.19 1.25 1.31 V
1.2 V 1.14 1.2 1.26 V

VCCD_FPLL PLL digital voltage regulator power
supply

— 1.425 1.5 1.575 V

VCCA_FPLL PLL analog voltage regulator power
supply

— 2.375 2.5 2.625 V

VI DC input voltage — –0.5 — 3.6 V
VO Output voltage — 0 — VCCIO V

TJ Operating junction temperature
Commercial 0 — 85 °C

Industrial –40 — 100 °C

tRAMP
(4) Power supply ramp time

Standard POR 200 µs — 100 ms —
Fast POR 200 µs — 4 ms —

(1) 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.

(4) This is also applicable to HPS power supply. For HPS power supply, refer to tRAMP specifications for standard POR when HPS_PORSEL = 0 and tRAMP
specifications for fast POR when HPS_PORSEL = 1.
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Symbol Description Minimum(5) Typical Maximum(5) Unit

VCCL_GXBL GX and SX speed grades—clock network power
(left side)

1.08/1.12 1.1/1.15(6) 1.14/1.18 V
VCCL_GXBR GX and SX speed grades—clock network power

(right side)
VCCL_GXBL GT and ST speed grades—clock network power

(left side)
1.17 1.20 1.23 V

VCCL_GXBR GT and ST speed grades—clock network power
(right side)

Related Information
Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines
Provides more information about the power supply connection for different data rates.

HPS Power Supply Operating Conditions

Table 1-5: HPS Power Supply Operating Conditions for Arria V SX and ST Devices

This table lists the steady-state voltage and current values expected from Arria V system-on-a-chip (SoC) devices with ARM®-based hard processor
system (HPS). Power supply ramps must all be strictly monotonic, without plateaus. Refer to Recommended Operating Conditions for Arria V
Devices table for the steady-state voltage values expected from the FPGA portion of the Arria V SoC devices.

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

VCC_HPS

HPS core
voltage and
periphery
circuitry
power
supply

–C4, –I5, –C5, –C6 1.07 1.1 1.13 V
–I3 1.12 1.15 1.18 V

(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.

(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.
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Symbol Description Maximum Unit

IXCVR-RX (DC) DC current per transceiver receiver (RX) pin 50 mA

Internal Weak Pull-Up Resistor

All I/O pins, except configuration, test, and JTAG pins, have an option to enable weak pull-up.

Table 1-13: Internal Weak Pull-Up Resistor Values for Arria V Devices

Symbol Description Condition (V)(11) Value(12) Unit

RPU

Value of the I/O pin pull-up resistor before and during
configuration, as well as user mode if you have enabled the
programmable pull-up resistor option.

VCCIO = 3.3 ±5% 25 kΩ
VCCIO = 3.0 ±5% 25 kΩ
VCCIO = 2.5 ±5% 25 kΩ
VCCIO = 1.8 ±5% 25 kΩ
VCCIO = 1.5 ±5% 25 kΩ
VCCIO = 1.35 ±5% 25 kΩ
VCCIO = 1.25 ±5% 25 kΩ
VCCIO = 1.2 ±5% 25 kΩ

Related Information
Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines
Provides more information about the pins that support internal weak pull-up and internal weak pull-down features.

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

(11) Pin pull-up resistance values may be lower if an external source drives the pin higher than VCCIO.
(12) Valid with ±10% tolerances to cover changes over PVT.

1-16 Internal Weak Pull-Up Resistor
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Symbol/Description Condition
Transceiver Speed Grade 4 Transceiver Speed Grade 6

Unit
Min Typ Max Min Typ Max

Spread-spectrum
modulating clock
frequency

PCI Express® (PCIe) 30 — 33 30 — 33 kHz

Spread-spectrum
downspread

PCIe — 0 to –0.5% — — 0 to –0.5% — —

On-chip termination
resistors

— — 100 — — 100 — Ω

VICM (AC coupled) — — 1.1/1.15(26) — — 1.1/1.15(26) — V
VICM (DC coupled) HCSL I/O standard for

the PCIe reference
clock

250 — 550 250 — 550 mV

Transmitter REFCLK phase
noise(27)

10 Hz — — –50 — — –50 dBc/Hz
100 Hz — — –80 — — –80 dBc/Hz
1 KHz — — –110 — — –110 dBc/Hz

10 KHz — — –120 — — –120 dBc/Hz
100 KHz — — –120 — — –120 dBc/Hz
≥1 MHz — — –130 — — –130 dBc/Hz

RREF — — 2000 ±1% — — 2000 ±1% — Ω

(26) For data rate ≤3.2 Gbps, connect VCCR_GXBL/R to either 1.1-V or 1.15-V power supply. For data rate >3.2 Gbps, connect VCCR_GXBL/R to a 1.15-V
power supply. For details, refer to the Arria V GT, GX, ST, and SX Device Family Pin Connection Guidelines.

(27) The transmitter REFCLK phase jitter is 30 ps p-p at bit error rate (BER) 10-12.
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Transceiver Specifications for Arria V GT and ST Devices

Table 1-26: Reference Clock Specifications for Arria V GT and ST Devices

Symbol/Description Condition
Transceiver Speed Grade 3

Unit
Min Typ Max

Supported I/O standards 1.2 V PCML, 1.4 VPCML, 1.5 V PCML, 2.5 V PCML, Differential LVPECL(40), HCSL, and LVDS
Input frequency from REFCLK input
pins

— 27 — 710 MHz

Rise time Measure at ±60 mV of
differential signal(41)

— — 400 ps

Fall time Measure at ±60 mV of
differential signal(41)

— — 400 ps

Duty cycle — 45 — 55 %
Peak-to-peak differential input voltage — 200 — 300(42)/2000 mV
Spread-spectrum modulating clock
frequency

PCI Express (PCIe) 30 — 33 kHz

Spread-spectrum downspread PCIe — 0 to –0.5% — —
On-chip termination resistors — — 100 — Ω
VICM (AC coupled) — — 1.2 — V
VICM (DC coupled) HCSL I/O standard for the PCIe

reference clock
250 — 550 mV

(40) Differential LVPECL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.
(41) REFCLK performance requires to meet transmitter REFCLK phase noise specification.
(42) The maximum peak-to peak differential input voltage of 300 mV is allowed for DC coupled link.
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Symbol/Description Condition
Transceiver Speed Grade 3

Unit
Min Typ Max

Differential on-chip termination
resistors

85-Ω setting — 85 — Ω
100-Ω setting — 100 — Ω
120-Ω setting — 120 — Ω
150-Ω setting — 150 — Ω

Intra-​differential pair skew TX VCM = 0.65 V (AC coupled)
and slew rate of 15 ps

— — 15 ps

Intra-transceiver block transmitter
channel-to-channel skew

×6 PMA bonded mode — — 180 ps

Inter-transceiver block transmitter
channel-to-channel skew(55)

×N PMA bonded mode — — 500 ps

Table 1-30: CMU PLL Specifications for Arria V GT and ST Devices

Symbol/Description
Transceiver Speed Grade 3

Unit
Min Max

Supported data range 0.611 10.3125 Gbps
fPLL supported data range 611 3125 Mbps

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

AV-51002
2017.02.10 Transceiver Specifications for Arria V GT and ST Devices 1-33

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

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.


Table 1-31: Transceiver-FPGA Fabric Interface Specifications for Arria V GT and ST Devices

Symbol/Description
Transceiver Speed Grade 3

Unit
Min Max

Interface speed (PMA direct mode) 50 153.6(56), 161(57) MHz
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

(56) The maximum frequency when core transceiver local routing is selected.
(57) The maximum frequency when core transceiver network routing (GCLK, RCLK, or PCLK) is selected.
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Symbol VOD Setting(58) VOD Value (mV) VOD Setting(58) 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.

Arria 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|.

Exception for PCIe Gen2 design: VOD setting = 43 and pre-emphasis setting = 19 are allowed for PCIe Gen2 design with transmit de-emphasis –
6dB setting (pipe_txdeemp = 1’b0) using Altera PCIe Hard IP and PIPE IP cores.

(58) Convert these values to their binary equivalent form if you are using the dynamic reconfiguration mode for PMA analog controls.
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Symbol Parameter Condition Min Typ Max Unit

tOUTPJ_DC
(67) Period jitter for dedicated clock output

in integer PLL
FOUT ≥ 100 MHz — — 175 ps (p-p)
FOUT < 100 MHz — — 17.5 mUI (p-p)

tFOUTPJ_DC
(67) Period jitter for dedicated clock output

in fractional PLL
FOUT ≥ 100 MHz — — 250(68), 175(69) ps (p-p)
FOUT < 100 MHz — — 25(68), 17.5(69) mUI (p-p)

tOUTCCJ_DC
(67) Cycle-to-cycle jitter for dedicated clock

output in integer PLL
FOUT ≥ 100 MHz — — 175 ps (p-p)
FOUT < 100 MHz — — 17.5 mUI (p-p)

tFOUTCCJ_DC
(67) Cycle-to-cycle jitter for dedicated clock

output in fractional PLL
FOUT ≥ 100 MHz — — 250(68), 175(69) ps (p-p)
FOUT < 100 MHz — — 25(68), 17.5(69) mUI (p-p)

tOUTPJ_IO
(67)(70) Period jitter for clock output on a

regular I/O in integer PLL
FOUT ≥ 100 MHz — — 600 ps (p-p)
FOUT < 100 MHz — — 60 mUI (p-p)

tFOUTPJ_IO
(67)(68)(70) Period jitter for clock output on a

regular I/O in fractional PLL
FOUT ≥ 100 MHz — — 600 ps (p-p)
FOUT < 100 MHz — — 60 mUI (p-p)

tOUTCCJ_IO
(67)(70) Cycle-to-cycle jitter for clock output on

a regular I/O in integer PLL
FOUT ≥ 100 MHz — — 600 ps (p-p)
FOUT < 100 MHz — — 60 mUI (p-p)

tFOUTCCJ_IO
(67)(68)(70) Cycle-to-cycle jitter for clock output on

a regular I/O in fractional PLL
FOUT ≥ 100 MHz — — 600 ps (p-p)
FOUT < 100 MHz — — 60 mUI (p-p)

(67) Peak-to-peak jitter with a probability level of 10–12 (14 sigma, 99.99999999974404% confidence level)​. The output jitter specification applies to the
intrinsic jitter of the PLL, when an input jitter of 30 ps is applied. The external memory interface clock output jitter specifications use a different
measurement method and are available in Memory Output Clock Jitter Specification for Arria V Devices table.

(68) This specification only covered fractional PLL for low bandwidth. The fVCO for fractional value range 0.05–0.95 must be ≥ 1000 MHz.
(69) This specification only covered fractional PLL for low bandwidth. The fVCO for fractional value range 0.20–0.80 must be ≥ 1200 MHz.
(70) External memory interface clock output jitter specifications use a different measurement method, which are available in Memory Output Clock Jitter

Specification for Arria V Devices table.
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Symbol Condition
–I3, –C4 –I5, –C5 –C6

Unit
Min Typ Max Min Typ Max Min Typ Max

tx Jitter -Emulated
Differential I/O
Standards with Three
External Output Resistor
Network

Total Jitter for Data
Rate 600 Mbps – 1.25

Gbps

— — 260 — — 300 — — 350 ps

Total Jitter for Data
Rate < 600 Mbps

— — 0.16 — — 0.18 — — 0.21 UI

tx Jitter -Emulated
Differential I/O
Standards with One
External Output
Resistor Network

— — — 0.15 — — 0.15 — — 0.15 UI

tDUTY TX output clock duty
cycle for both True

and Emulated
Differential I/O

Standards

45 50 55 45 50 55 45 50 55 %

tRISE and tFALL

True Differential I/O
Standards(82)

— — 160 — — 180 — — 200 ps

Emulated Differential
I/O Standards with

Three External Output
Resistor Network

— — 250 — — 250 — — 300 ps

Emulated Differential
I/O Standards with

One External Output
Resistor Network

— — 500 — — 500 — — 500 ps

(82) This applies to default pre-emphasis and VOD settings only.
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DPA Lock Time Specifications

Figure 1-4: Dynamic Phase Alignment (DPA) Lock Time Specifications with DPA PLL Calibration Enabled

rx_dpa_locked

rx_reset

DPA Lock Time

256 Data 
Transitions

96 Slow 
Clock  Cycles

256 Data 
Transitions

256 Data 
Transitions

96 Slow 
Clock Cycles

Table 1-41: DPA Lock Time Specifications for Arria V Devices

The specifications are applicable to both commercial and industrial grades. The DPA lock time is for one channel. One data transition is defined as
a 0-to-1 or 1-to-0 transition.

Standard Training Pattern Number of Data
Transitions in One

Repetition of the Training
Pattern

Number of Repetitions per
256 Data Transitions(84)

Maximum Data Transition

SPI-4 00000000001111111111 2 128 640

Parallel Rapid I/O
00001111 2 128 640
10010000 4 64 640

Miscellaneous
10101010 8 32 640
01010101 8 32 640

(84) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.
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Memory Output Clock Jitter Specifications

Table 1-45: Memory Output Clock Jitter Specifications for Arria V Devices

The memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2/DDR3 SDRAM standard.

The memory output clock jitter is applicable when an input jitter of 30 ps (p-p) is applied with bit error rate (BER) 10–12, equivalent to 14 sigma.

Altera recommends using the UniPHY intellectual property (IP) with PHYCLK connections for better jitter performance.

Parameter Clock Network Symbol
–I3, –C4 –I5, –C5 –C6

Unit
Min Max Min Max Min Max

Clock period jitter PHYCLK tJIT(per) –41 41 –50 50 –55 55 ps
Cycle-to-cycle period jitter PHYCLK tJIT(cc) 63 90 94 ps

OCT Calibration Block Specifications

Table 1-46: OCT Calibration Block Specifications for Arria V Devices

Symbol Description Min Typ Max Unit

OCTUSRCLK Clock required by OCT calibration blocks — — 20 MHz
TOCTCAL Number of OCTUSRCLK clock cycles required for RS

OCT/RT OCT calibration
— 1000 — Cycles

TOCTSHIFT Number of OCTUSRCLK clock cycles required for OCT
code to shift out

— 32 — Cycles

TRS_RT Time required between the dyn_term_ctrl and oe
signal transitions in a bidirectional I/O buffer to
dynamically switch between RS OCT and RT OCT

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

Table 1-67: FPP Timing Parameters When DCLK-to-DATA[] Ratio is >1 for Arria 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(98) µs
tCF2ST1 nCONFIG high to nSTATUS high — 1506(99) µs
tCF2CK

(100) nCONFIG high to first rising edge on DCLK 1506 — µs
tST2CK

(100) 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 N – 1/fDCLK

(101) — s
tCH DCLK high time 0.45 × 1/fMAX — s
tCL DCLK low time 0.45 × 1/fMAX — s
tCLK DCLK period 1/fMAX — s
fMAX DCLK frequency (FPP ×8/ ×16) — 125 MHz
tR Input rise time — 40 ns
tF Input fall time — 40 ns
tCD2UM CONF_DONE high to user mode(102) 175 437 µs

(98) This value can be obtained if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(99) This value can be obtained if you do not delay configuration by externally holding nSTATUS low.

(100) If nSTATUS is monitored, follow the tST2CK specification. If nSTATUS is not monitored, follow the tCF2CK specification.
(101) N is the DCLK-to-DATA[] ratio and fDCLK is the DCLK frequency of the system.
(102) The minimum and maximum numbers apply only if you chose the internal oscillator as the clock source for initializing the device.
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Term Definition

JTAG timing specifications JTAG Timing Specifications

TDO

TCK

tJPZX tJPCO

tJPH

t JPXZ

 t JCP

 t JPSU t JCL t JCH

TDI

TMS

1-90 Glossary
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Date Version Changes

January 2015 2015.01.30 • Updated the description for VCC_AUX_SHARED to “HPS auxiliary power supply” in the following tables:

• Absolute Maximum Ratings for Arria V Devices
• HPS Power Supply Operating Conditions for Arria V SX and ST Devices

• Added statement in I/O Standard Specifications: You must perform timing closure analysis to determine the
maximum achievable frequency for general purpose I/O standards.

• Updated the conditions for transceiver reference clock rise time and fall time: Measure at ±60 mV of
differential signal. Added a note to the conditions: REFCLK performance requires to meet transmitter REFCLK
phase noise specification.

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

• Updated HPS Clock Performance main_base_clk specifications from 525 MHz (for –I3 speed grade) and 462
MHz (for –C4 speed grade) to 400 MHz.

• Updated HPS PLL VCO maximum frequency to 1,600 MHz (for –C5, –I5, and –C6 speed grades), 1,850
MHz (for –C4 speed grade), and 2,100 MHz (for –I3 speed grade).

• Changed the symbol for HPS PLL input jitter divide value from NR to N.
• Removed “Slave select pulse width (Texas Instruments SSP mode)” parameter from the following tables:

• SPI Master Timing Requirements for Arria V Devices
• SPI Slave Timing Requirements for Arria V Devices

• Added descriptions to USB Timing Characteristics section in HPS Specifications: PHYs that support LPM
mode may not function properly with the USB controller due to a timing issue. It is recommended that
designers use the MicroChip USB3300 PHY device that has been proven to be successful on the development
board.

• Added HPS JTAG timing specifications.
• Updated FPGA JTAG timing specifications note as follows: A 1-ns adder is required for each VCCIO voltage

step down from 3.0 V. For example, tJPCO = 13 ns if VCCIO of the TDO I/O bank = 2.5 V, or 14 ns if it equals
1.8 V.

• Updated the value in the VICM (AC Coupled) row and in note 6 from 650 mV to 750 mV in the Transceiver
Specifications for Arria V GT and ST Devices table.
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Symbol/Description Conditions
Transceiver Speed Grade 2 Transceiver Speed Grade 3

Unit
Min Typ Max Min Typ Max

Rise time Measure at ±60 mV of
differential signal (138)

— — 400 — — 400

ps
Fall time Measure at ±60 mV of

differential signal (138)
— — 400 — — 400

Duty cycle — 45 — 55 45 — 55 %

Spread-spectrum modulating
clock frequency

PCI Express ®(PCIe) 30 — 33 30 — 33 kHz

Spread-spectrum downspread PCIe — 0 to

–0.5

— — 0 to

–0.5

— %

On-chip termination resistors — — 100 — — 100 — Ω

Absolute VMAX

Dedicated reference clock
pin

— — 1.6 — — 1.6
V

RX reference clock pin — — 1.2 — — 1.2

Absolute VMIN — –0.4 — — –0.4 — — V

Peak-to-peak differential input
voltage

— 200 — 1600 200 — 1600 mV

VICM (AC coupled)
Dedicated reference clock
pin

1000/900/850 (139) 1000/900/850 (139) mV

RX reference clock pin 1.0/0.9/0.85 (140) 1.0/0.9/0.85(140) mV

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

250 — 550 250 — 550 mV

(138) REFCLK performance requires to meet transmitter REFCLK phase noise specification.
(139) The reference clock common mode voltage is equal to the VCCR_GXB power supply level.
(140) This supply follows VCCR_GXB

2-22 Reference Clock
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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 Parameter Min Typ Max Unit

kVALUE Numerator of Fraction 128 8388608 2147483648 —

fRES Resolution of VCO frequency (fINPFD = 100 MHz) 390625 5.96 0.023 Hz

Related Information

• Duty Cycle Distortion (DCD) Specifications on page 2-56
• DLL Range Specifications on page 2-53

DSP Block Specifications

Table 2-35: DSP Block Performance Specifications for Arria V GZ Devices

Mode
Performance

Unit
C3, I3L C4 I4

Modes using One DSP Block

Three 9 × 9 480 420 MHz

One 18 × 18 480 420 400 MHz

Two partial 18 × 18 (or 16 × 16) 480 420 400 MHz

One 27 × 27 400 350 MHz

One 36 × 18 400 350 MHz

One sum of two 18 × 18 (One sum of two 16 × 16) 400 350 MHz

One sum of square 400 350 MHz

One 18 × 18 plus 36 (a × b) + c 400 350 MHz

Modes using Two DSP Blocks

Three 18 × 18 400 350 MHz

One sum of four 18 × 18 380 300 MHz
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Note: When you enable the decompression or design security feature, the DCLK-to-DATA[] ratio varies for FPP ×8, FPP ×16, and FPP ×32. For the
respective DCLK-to-DATA[] ratio, refer to the "DCLK-to-DATA[] Ratio for Arria V GZ Devices" table.

Table 2-56: FPP Timing Parameters for Arria V GZ Devices When the DCLK-to-DATA[] Ratio is 1

Use these timing parameters when the decompression and design security features are disabled.
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 1,506 (205) μs

tCF2ST1 nCONFIG high to nSTATUS high — 1,506 (206) μs

tCF2CK 
(207)

nCONFIG high to first rising edge on DCLK 1,506 — μs

tST2CK (207)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

tCL DCLK low time 0.45 × 1/fMAX — s

tCLK DCLK period 1/fMAX — s

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

DCLK frequency (FPP  ×32) — 100 MHz

tCD2UM CONF_DONE high to user mode (208) 175 437 μs

(205) This value is applicable if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(206) This value is applicable if you do not delay configuration by externally holding the nSTATUS low.
(207) If nSTATUS is monitored, follow the tST2CK specification. If nSTATUS is not monitored, follow the tCF2CK specification.

2-60 FPP Configuration Timing when DCLK to DATA[] = 1
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