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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
indisnensahle in numerous fields. In telecommunications.
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Caution: Conditions outside the range listed in the following table may cause permanent damage tothe device. Additionally, device operation at
the absolute maximum ratings for extended periods of time may have adverse effects on the device.

Table 1-1: Absolute Maximum Ratings for Arria V Devices

Core voltage power supply -0.50 1.43
Vccp Periphery circuitry, PCIe® hardIP block, and transceiver physical -0.50 1.43 A

coding sublayer (PCS) power supply
Veerom Configuration pins power supply -0.50 3.90
Ve aux Auxiliary supply -0.50 3.25
Vcepar Battery back-up power supply for design security volatile key -0.50 3.90

register
Veerp I/O pre-driver power supply -0.50 3.90 \%
Vecio 1/0 power supply -0.50 3.90 \%
Veep rpLL Phase-locked loop (PLL) digital power supply -0.50 1.80 \Y%
Veea FpiL PLL analog power supply -0.50 3.25 \Y%
Veea 6xs Transceiver high voltage power -0.50 3.25 \Y%
Veen 6xs Transmitter output buffer power -0.50 1.80 \Y%
Veer 6xB Receiver power -0.50 1.50 A%
Veer exs Transmitter power -0.50 1.50 \Y
VeeL 6xs Transceiver clock network power -0.50 1.50 \Y%
Vi DC input voltage -0.50 3.80 \%
Vee mps HPS core voltage and periphery circuitry power supply -0.50 1.43 \Y%
Veepp_nps HPS I/O pre-driver power supply -0.50 3.90 \Y%
Vecio_nps HPS I/O power supply -0.50 3.90 \%
VCCRSTCLK_HPS HPS reset and clock input pins power supply -0.50 3.90 \Y%

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

C] 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.

AV-51002
2017.02.10 Differential HSTL and HSUL 1/0 Standards 1-21

Vccio (V) Vswing(pe) (V) Vxac) (V) Vswing(ac) (V)

_ m-mmmm_m““
SSTL-125 1.19 1.25 1.31 (15) VCCIO/2 - VCCIO/2 VCCIO/2 2(VIH(AC) Z(VIL(AC) VREF)
0.15 +0.15 VREF)

Differential HSTL and HSUL I/O Standards

Table 1-18: Differential HSTL and HSUL 1/O Standards for Arria V Devices

Veeo (V) Voirpe) (V) Vxac) (V) Vemoo) (V) Voirac) (V)

1/0 Standard
mmmmm-mm-mmm
HSTL-18 | 1.71 1.89
Class I, II
HSTL-15 | 1.425 1.5 1.575 | 0.2 — 0.68 — 0.9 0.68 — 0.9 0.4 —
Class I, II
HSTL-12 1.14 1.2 1.26 0.16 VCCIO — 0.5 x — 0.4 x 0.5 x 0.6 x 0.3 VCCIO +0.48
Class I, II +0.3 VCCIO VCCIO VCCIO VCCIO
HSUL-12 | 1.14 1.2 1.3 0.26 0.26 0.5 x 0.5 x 0.5 x 0.4 x 0.5 x 0.6 x 0.44 0.44
Vecio - Vccio Vccio Veccio Vccio Vccio
0.12 +0.12

Differential I/0 Standard Specifications

Table 1-19: Differential I/0 Standard Specifications for Arria V Devices

Differential inputs are powered by V cpp which requires 2.5 V.
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DSP Block Performance Specifications

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

Unit
Independent 9 x 9 multiplication 370 310 220 MHz
Independent 18 x 19 multiplication 370 310 220 MHz
Independent 18 x 25 multiplication 370 310 220 MHz
Modes using One DSP | Independent 20 x 24 multiplication 370 310 220 MHz
Block Independent 27 x 27 multiplication 310 250 200 MHz
Two 18 x 19 multiplier adder mode 370 310 220 MHz
18 x 18 multiplier added summed with 36- 370 310 220 MHz
bit input
Modes using Two Complex 18 x 19 multiplication 370 310 220 MHz
DSP Blocks

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 fy;ax.
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High-Speed I/0 Specifications

Table 1-40: High-Speed 1/0 Specifications for Arria V Devices
When J = 3 to 10, use the serializer/deserializer (SERDES) block. When ] = 1 or 2, bypass the SERDES block.
For LVDS applications, you must use the PLLs in integer PLL mode.
The Arria V devices support the following output standards using true LVDS output buffer types on all I/O banks.

o True RSDS output standard with data rates of up to 360 Mbps
o True mini-LVDS output standard with data rates of up to 400 Mbps

.
g e s s
5 — | 800 | 5 — _ | 25

frscLk_in (input clock frequency) True | Clock boost factor W 750 5 MHz
Differential I/O Standards =1 to 4072
fascLk_in (input clock frequency) Clock boost factor W 5 — 625 5 — 625 5 — 500 MHz
Single-Ended I/O Standards”® =1to 407
fascik_in (input clock frequency) Clock boost factor W 5 — 420 5 — 420 5 — 420 MHz
Single-Ended I/O Standards”® =1to 407
fascLk out (output clock frequency) — 5 — | 62579 5 — 6259 5 — | 50079 | MHz
True Differential I/O SERDES factor ] =3to | 7 — 1250 77) — 1250 | 7 — 1050 | Mbps
Transmitter | Standards - figpg (data 1079
rate)

2 Clock boost factor (W) is the ratio between the input data rate and the input clock rate.

(%) This applies to DPA and soft-CDR modes only.

(74 This applies to non-DPA mode only.

() This is achieved by using the LVDS clock network.

(76) The F,,.x specification is based on the fast clock used for serial data. The interface F,,, is also dependent on the parallel clock domain which is design
dependent and requires timing analysis.

The minimum specification depends on the clock source (for example, the PLL and clock pin) and the clock routing resource (global, regional, or
local) that you use. The I/O differential buffer and input register do not have a minimum toggle rate.
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LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specifications

Figure 1-5: LVDS Soft-Clock Data Recovery (CDR)/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Equal to 1.25 Gbps

Jitter Amphlitude (UI)

25 ......... L
I
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0.1
F R B |
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Table 1-42: LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for a Data Rate Equal to 1.25 Gbps

Jitter Frequency (Hz) Sinusoidal Jitter (Ul)

F1 10,000 25.000
F2 17,565 25.000
F3 1,493,000 0.350
F4 50,000,000 0.350
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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) 10712, equivalent to 14 sigma.
Altera recommends using the UniPHY intellectual property (IP) with PHYCLK connections for better jitter performance.

Parameter Clock Network | Symbol Unit

Clock period jitter PHYCLK YIT(per) | | | pS

Cycle-to-cycle period jitter PHYCLK H1T(cc) 63 90 94 ps

OCT Calibration Block Specifications

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

— — 20 MHz

OCTUSRCLK Clock required by OCT calibration blocks

TocrcaL Number of OCTUSRCLK clock cycles required for Rg — 1000 — Cycles
OCT/Rt OCT calibration

TocTSHIFT Number of OCTUSRCLK clock cycles required for OCT — 32 — Cycles

code to shift out

Tgs_rT Time required between the dyn_term ctrl and oe — 2.5 — ns
signal transitions in a bidirectional I/O buffer to
dynamically switch between R¢ OCT and Rt OCT
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Figure 1-16: 12C Timing Diagram
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NAND Timing Characteristics

Table 1-60: NAND ONFI 1.0 Timing Requirements for Arria 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 ¢4 output of the main HPS PLL
and timing registers provided in the NAND controller

Typ® Write enable pulse width

Tyn® Write enable hold time 7 — ns
Tpp®) Read enable pulse width 10 — ns
Tyen® Read enable hold time 7 — ns
T gesa® Command latch enable to write enable setup time 10 — ns
Ten® Command latch enable to write enable hold time 5 — ns
Teesu™ Chip enable to write enable setup time 15 — ns
Teen,® Chip enable to write enable hold time 5 — ns
Toresa™ Address latch enable to write enable setup time 10 — ns
To1en®” Address latch enable to write enable hold time 5 — ns
Tge®” Data to write enable setup time 10 — ns

®9 Timing of the NAND interface is controlled through the NAND configuration registers.
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an® Data to write enable hold time
TCea Chip enable to data access time — 25 ns
Trea Read enable to data access time — 16 ns
Ty, Read enable to data high impedance — 100 ns
T, Ready to read enable low 20 — ns
Figure 1-17: NAND Command Latch Timing Diagram
NAND_CLE \
NAND_CE
¢ 1
Tclesu
¢ L L g
Tcesu T(Ieh
r L >
wp ceh
NAND_WE \ /
N SR
alesu Taleh
NAND_ALE \ /
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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

FPP Configuration Timing when DCLK-to-DATA[] >1 1-79

Use these timing parameters when you use the decompression and design security features.

Symbol

Parameter

— 600 ns

terach NCONFI Glow to CONF_DONE low

ter28TO NnCONFI Glow to nSTATUS low — 600 ns
tcrg nCONFI Glow pulse width 2 — s
tSTATUS nSTATUS low pulse width 268 15069 us
terasTI nCONFI Ghigh to nSTATUS high — 15067 us
tepack 10 nCONFI Ghigh to first rising edge on DCLK 1506 — us
terack'” nSTATUS high to first rising edge of DCLK 2 — us
tpsu DATA[] setup time before rising edge on DCLK 5.5 — ns
tpy DATA[ ] hold time after rising edge on DCLK N - 1/fpc oV — s
tcH DCLK high time 0.45 x 1/fjpax — s
ter DCLK low time 0.45 x 1/fyrax — s
terx DCLK period 1/fpmax — s
fvmax DCLK frequency (FPP x8/ x16) — 125 MHz
tR Input rise time — 40 ns
tp Input fall time — 40 ns
tepauM CONF_DONE high to user mode(!%? 175 437 us

8 This value can be obtained if you do not delay configuration by extending the nCONFI Gor nSTATUS low pulse width.

9 This value can be obtained if you do not delay configuration by externally holding nSTATUS low.

(100) Tf nSTATUS is monitored, follow the tg,ck specification. If nSTATUS is not monitored, follow the tcpyck specification.
(100" N is the DCLK-to-DATA[ ] ratio and fpcy 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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The Quartus Prime 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 I/0 Timing Spreadsheet

Provides the Arria V Excel-based I/O timing spreadsheet.

Programmable IOE Delay

Table 1-76:1/0 element (IOE) Programmable Delay for Arria V Devices

Parameter(112

)

Available
Settings

Fast Model

Slow Model

T "
I I N N I

D1 32 0.508 0.517 0.870 1.063 1.063 0.872 1.057 ns
D3 8 1.763 1.795 2.999 3.496 3.571 3.031 3.643 ns
D4 32 0.508 0.518 0.869 1.063 1.063 1.063 1.057 ns
D5 32 0.508 0.517 0.870 1.063 1.063 0.872 1.057 ns

Programmable Output Buffer Delay

Table 1-77: Programmable Output Buffer Delay for Arria 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 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.

(112) You can set this value in the Quartus Prime software by selecting D1, D3, D4, and D5 in the Assignment Name column of Assignment Editor.

(113 Minimum offset does not include the intrinsic delay.
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I I

December 2015 2015.12.16 |, yUpdated Quad Serial Peripheral Interface (SPI) Flash Timing Requirements for Arria V Devices table.

« Updated Fay, Tautyeycler a0d Tyt Specifications.
o Added Tggpi_clio Tdin_start- and Tgin_enq Specifications.
o Removed T4j,max Specifications.

« Updated the minimum specification for T 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.

o Updated T i t0 Tggmme_clk_out Symbol.
» Updated Tgmmec clk out and Ty specifications.
o Added Tgmmc dko Tsu and Ty, specifications.
o Removed T4,max 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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I T S

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 V¢ gps specification in Table 5.
Added a note in Table 19: Differential inputs are powered by Vcpp 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 T4 and Ty, specifications in Table 45.

Added Ty, 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 . r bf size is specifically for the Configura-
tion via Protocol (CvP) feature.

Removed fyjax ru_crk Specification in Table 63.

February 2014

3.7

Updated VcrsterLk pps maximum specification in Table 1.
Added V¢ aux saarep 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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2-4 Recommended Operating Conditions 2017.02.10

The maximum allowed overshoot duration is specified as a percentage of high time over the lifetime of the device. A DC signal is equivalent to
100% of the duty cycle.

For example, a signal that overshoots to 3.95 V can be at 3.95 V for only ~21% over the lifetime of the device; for a device lifetime of 10 years, the
overshoot duration amounts to ~2 years.

Table 2-4: Maximum Allowed Overshoot During Transitions for Arria V GZ Devices

Symbol Condition (V) Overshoot Duration as % @ T, = 100°C
3.8 100 %

3.85 64 %

3.9 36 %

3.95 21 %

Vi (AC) AC input voltage 4 12 %
4.05 7 %

4.1 4 %

4.15 2 %

4.2 1 %

Recommended Operating Conditions

Table 2-5: Recommended Operating Conditions for Arria V GZ Devices

Power supply ramps must all be strictly monotonic, without plateaus.

Vce | Core voltage and periphery circuitry power supply !> | | 0.82 | 0.85 | 0.88 | Vv

(114 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.
(115 The V¢ core supply must be set to 0.9 V if the Partial Reconfiguration (PR) feature is used.
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Reference Clock

Transceiver Speed Grade 2

Transceiver Speed Grade 3

AV-51002
2017.02.10

Symbol/Description Conditions mmmm
Rise time Measure at 60 mV of — — 400 — — 400
differential signal 3
Fall time Measure at 60 mV of — — 400 — — 400 b
differential signal (3%
Duty cycle — 45 — 55 45 — 55 %
Spread-spectrum modulating | PCI Express ®(PCle) 30 — 33 30 — 33 kHz
clock frequency
Spread-spectrum downspread | PCle — 0to — — 0to — %
-0.5 -0.5
On-chip termination resistors | — — 100 — — 100 — Q
Dedicated reference clock — — 1.6 — — 1.6
Absolute Vyax pin \%
RX reference clock pin — — 1.2 — — 1.2
Absolute VN — -0.4 — — -0.4 — — \Y%
Peak-to-peak differential input | — 200 — 1600 200 — 1600 mV
voltage
Dedicated reference clock 1000/900/850 (13 1000/900/850 (3% mV
Vicum (AC coupled) pin
RX reference clock pin 1.0/0.9/0.85 (140) 1.0/0.9/0.85140 mV
Viem (DC coupled) HCSL 1/0 standard for 250 — 550 250 — 550 mV
PCle reference clock

(138) REFCLK performance requires to meet transmitter REFCLK phase noise specification.
(139 The reference clock common mode voltage is equal to the Vocr_gxp power supply level.
(110) This supply follows VCCR_GXB
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Mode (164)

Transceiver
Speed Grade

PMA Width

PCS/Core Width “

B O
9

10G PCS Data Rate

[ [ ® [ w [ w [ w6 & ]
= e s e
4.9 4.,5 3.92 3.6

2-33

2 C3,I3L 9.9 7.92 7.2
core speed grade
Register
3 C4, 14 8.8 8.2 7.04 6.56 4.4 4.1 3.52 3.28
core speed grade
Related Information

Operating Conditions on page 2-1

10G PCS Data Rate

Table 2-31: 10G PCS Approximate Maximum Data Rate (Gbps) for Arria V GZ Devices

Transceiver Speed

[ mmwn e @ @ =& [ & || & ]

Mode (165

C3, I3L core speed 12.5 12.5 10.69 12.5 10.88 10.88

FIFO grade
3 C4, 14 core speed 10.3125 10.3125 10.69 10.3125 9.92 9.92

grade
2 C3, I3L core speed 12.5 12.5 10.69 12.5 10.88 10.88

grade

Register

3 C4, 14 core speed 10.3125 10.3125 10.69 10.3125 9.92 9.92

grade

(169 The Phase Compensation FIFO can be configured in FIFO mode or register mode. In the FIFO mode, the pointers are not fixed, and the latency can

vary. In the register mode the pointers are fixed for low latency.
(165 The Phase Compensation FIFO can be configured in FIFO mode or register mode. In the FIFO mode, the pointers are not fixed, and the latency can

vary. In the register mode the pointers are fixed for low latency.
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Transmitter High-Speed 1/0 Specifications 2017.02.10

C3,13L C4,14

— ( —

SERDES factor ] =3 to 10 (184) 1250 1849 1050 Mbps
(182), (183)
SERDES factor ] > 4 (184) — 1600 (184) — 1250 Mbps
LVDS TX with DPA
True Differential I/O 185) (156) (187) (158
Standards - fiyspr (data rate) R
SERDES factor ] = 2, 189 — (159 (189 — (159) Mbps
uses DDR Registers
SERDES factor J = 1, (184) — () (184) — () Mbps
uses SDR Register
Emulated Differential I/O SERDES factor ] = 4 to 10 °V (184) — 840 (184) — 840 Mbps
Standards with Three
External Output Resistor
Networks - fizgpr (data rate)
(190)

(182)
(183)

(184)

185)
186)
187)
188)
189)

(190)

(191)

If the receiver with DPA enabled and transmitter are using shared PLLs, the minimum data rate is 150 Mbps.

The Fy1ax specification is based on the fast clock used for serial data. The interface Fy;5x is also dependent on the parallel clock domain which is
design dependent and requires timing analysis.

The minimum specification depends on the clock source (for example, the PLL and clock pin) and the clock routing resource (global, regional, or
local) that you use. The I/O differential buffer and input register do not have a minimum toggle rate.

Arria V GZ RX LVDS will need DPA. For Arria V GZ TX LVDS, the receiver side component must have DPA.

Requires package skew compensation with PCB trace length.

Do not mix single-ended I/O buffer within LVDS I/O bank.

Chip-to-chip communication only with a maximum load of 5 pE.

The maximum ideal data rate is the SERDES factor (J) x the PLL maximum output frequency (fOUT) provided you can close the design timing and
the signal integrity simulation is clean.

You must calculate the leftover timing margin in the receiver by performing link timing closure analysis. You must consider the board skew margin,
transmitter channel-to-channel skew, and receiver sampling margin to determine leftover timing margin.

When using True LVDS RX channels for emulated LVDS TX channel, only serialization factors 1 and 2 are supported.
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2-66 . . . L AV-51002
= Active Serial Configuration Timing 2017.02.10

DCLK falling edge to AS_DATAO0/ASDO output

tsy Data setup time before falling edge on DCLK 1.5 — ns

ty Data hold time after falling edge on DCLK 0 — ns

tcppum | CONF_DONE high to user mode 10 175 437 us

tepacy CONF_DONE high to CLKUSR enabled 4 x maximum DCLK — —
period

tcpoumc | CONF_DONE high to user mode with CLKUSR option on tepacy + (8576 X CLKUSR — —
period)

Table 2-59: DCLK Frequency Specification in the AS Configuration Scheme
This applies to the DCLK frequency specification when using the internal oscillator as the configuration clock source.

The AS multi-device configuration scheme does not support DCLK frequency of 100 MHz.

m Typical m

12.5
10.6 15.7 25.0 MHz
21.3 314 50.0 MHz
42.6 62.9 100.0 MHz

Related Information

+ Passive Serial Configuration Timing on page 2-67
« Configuration, Design Security, and Remote System Upgrades in Arria V Devices

(216) To enable the CLKUSR pin as the initialization clock source and to obtain the maximum frequency specification on this pin, refer to the
“Initialization” section of the Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.
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JTAG Timing Specifi- | JTAG Timing Specifications:
cations

MS X X X X
! X X X X

PLL Specifications Diagram of PLL Specifications

Switchover CLKOUT Pins
4 four_ext
(LK
fin [ | fuero
PFD (¢ LF Vo Counters| | four GCLK
Core Clock €0.C17
RCLK
Delta Sigma
Key
[} Reconfigurable in User Mode External Feedback
Note:
1. Core Clock can only be fed by dedicated clock input pins or PLL outputs.
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