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A I] = o)/, 1. Overview for the Arria V Device Family

Built on the 28-nm low-power process technology, Arria®V devices offer the lowest
power and lowest system cost for mainstream applications. Arria V devices include
unique innovations such as the lowest static power in its class, the lowest power
transceivers of any midrange family, support for serial data rates up to

10.3125 gigabits per second (Gbps), a powerful collection of integrated hard
intellectual property (IP), and a power-optimized core architecture, making Arria V
devices ideal for the following applications:

m Power sensitive wireless infrastructure equipment

B 20G/40G bridging, switching, and packet processing applications
m High-definition video processing and image manipulation

m Intensive digital signal processing (DSP) applications

Arria V devices are available in the following variants:

m  Arria V GX—FPGA with integrated 6-Gbps transceivers, this variant provides
bandwidth, cost, and power levels that are optimized for high-volume data and
signal-processing applications.

m Arria V GT—FPGA with integrated 10-Gbps transceivers, this variant provides
enhanced high-speed serial I/O bandwidth for cost-sensitive data and signal
processing applications.

m  Arria V SX—system-on-a-chip (SoC) FPGA with integrated Arria V FPGA and
ARM®-based hard processor system (HPS).

m Arria V ST—SoC FPGA with integrated Arria V FPGA, ARM-based HPS, and
10-Gbps transceivers.

The Arria V SoC FPGA variants feature an FPGA integrated with an HPS that consists
of a dual-core ARM Cortex™-A9 MPCore™ processor, a rich set of peripherals, and a
shared multiport SDRAM memory controller.

The unique feature set in Arria V devices was chosen to optimize power, cost, and
performance. These features include a redesigned adaptive logic module (ALM),
distributed memory, new 10-Kbit (M10K) internal memory blocks, variable-precision
DSP blocks, and fractional clock synthesis phase-locked loops (PLLs) with a highly
flexible clocking network, all interconnected by a power-optimized MultiTrack
routing architecture.
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Chapter 1: Overview for the Arria V Device Family
Arria V Feature Summary

Arria V devices provide interface support flexibility with up to 10-Gbps transceivers,
1.25-Gbps LVDS, 1.333-Gbps memory interfaces with low latency, and support for all
mainstream single-ended and differential I/O standards, including 3.3 V. Arria V
devices also offer the lowest system cost by requiring only three power supplies to
operate the devices and a thermal composite flip chip ball-grid array (BGA)
packaging option. Arria V devices also support innovative features, such as
configuration via protocol (CvP), partial reconfiguration, and design security.

Arria V devices provide the power, features, and cost you require to succeed with
your designs. With these innovations, Arria V devices deliver ideal performance and
capability for a wide range of applications.

Arria V Feature Summary

Table 1-1 lists the Arria V device features.

Table 1-1. Feature Summary for Arria V Devices (Part 1 of 3)

Feature Details
m 28-nm TSMC low-power process technology
m Lowest static power in its class (less than 800 mW for 500 K logic elements (LEs) at 85°C
Technology

junction under typical conditions)
m 1.1-V core nominal voltage

Lowest-power serial
transceivers of any
midrange FPGA

m 611-Mbps to 10.3125-Gbps integrated transceivers
m Transmit pre-emphasis and receiver equalization
m Dynamic reconfiguration of individual channels

FPGA General-purpose
I/0s (GPIOs)

m 1.25-Gbps LVDS

m 667-MHz/1.333-Gbps external memory interface
m On-chip termination (OCT)

m 3.3-V support

Embedded transceiver
hard IP

m Custom implementation up to 10.3125 Gbps

m PCl Express® (PCle®) Gen1 and Gen2

m Gbps Ethernet (GbE) and XAUI physical coding sublayer (PCS)
m Common Public Radio Interface (CPRI) PCS

m Gigabit-capable passive optical network (GPON) PCS

Arria V Device Handbook
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Chapter 1: Overview for the Arria V Device Family 1-3
Arria V Feature Summary

Table 1-1. Feature Summary for Arria V Devices (Part 2 of 3)

Feature

Details

HPS (Arria V SX and ST
devices only)

Dual-core ARM Cortex-A9 MPCore processor. Up to 800 MHz maximum frequency that
supports symmetric and asymmetric multiprocessing

Interface peripherals—10/100/1000 Ethernet media access control (MAC), USB 2.0 On-
The-Go (OTG) controller, Quad SPI flash controller, NAND flash controller, and
SD/MMC/SDIO controller, UART, serial peripheral interface (SPI), 12C interfaces, and up to
86 GPIO interfaces

System peripherals—general-purpose and watchdog timers, direct memory access (DMA)
controller, FPGA configuration manager, and clock and reset managers

On-chip RAM and boot ROM

HPS-FPGA bridges—include the FPGA-to-HPS, HPS-to-FPGA, and lightweight HPS-to-
FPGA bridges that allow the FPGA fabric to master transactions to slaves in the HPS, and
vice versa

FPGA-to-HPS SDRAM controller subsystem—provides a configurable interface to the
multiport front end of the HPS SDRAM controller

ARM CoreSight™ JTAG debug, trace port, and on-chip trace storage
Three fractional PLLs

Physical medium
attachment (PMA) with
soft PCS

10GBASE-R
9.8304-Gbps CPRI

High-performance core
fabric

Enhanced ALM with four registers
Improved routing architecture to reduce congestion and improve compilation time

Variable-precision DSP
blocks

Natively supports three-signal processing precision ranging from 9x 9, 18 x 19, or 27 x 27
in the same DSP block

64-bit accumulator and cascade for systolic finite impulse responses (FIRs)
Embedded internal coefficient memory
Pre-adder/subtractor improves efficiency

Internal memory blocks

M10K, 10 Kbit with soft error correction code (ECC)

Memory logic array block (MLAB), 640-bit distributed LUTRAM—you can use up to 25% of
the LEs as MLAB memory

Hardened double data rate3 (DDR3) and DDR2 memory controllers

High-resolution Fractional
PLLs

Integer mode and fractional mode
Precision clock synthesis, clock delay compensation, and zero delay buffering (ZDB)

Clock networks

625-MHz global clock network
Global, quadrant, and peripheral clock networks
Unused clock networks can be powered down to reduce dynamic power

February 2012  Altera Corporation
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Chapter 1: Overview for the Arria V Device Family
Arria V Family Plan

Table 1-1. Feature Summary for Arria V Devices (Part 3 of 3)

Feature Details

m Partial and dynamic reconfigurations
m CvP
m Configuration via HPS

Configuration m Serial and parallel flash interface
m Enhanced advanced encryption standard (AES) design security features
m Tamper protection
m Remote system upgrade
m Thermal composite flip chip BGA packaging

Packaging [ Multiple devi.ce densi_ti.es with identical package footprints for seamless migration between

different device densities
m Lead, lead-free (Pb-free), and RoHS-compliant options
Arria V Family Plan

Arria V devices offer various thermal composite flip chip BGA packaging options
with differing price and performance points. Table 1-2 and Table 1-3 list the Arria V
devices features.

Table 1-2. Maximum Resource Counts for Arria V GX Devices —Preliminary

Arria V GX Device

Feature 5AGXA1 | BAGXA3 | 5AGXA5 | 5AGXA7 | 5AGXB1 | 5AGXB3 | 5AGXB5 | SAGXB7
ALMs 28,302 | 56,100 | 71,698 | 91,680 | 113,208 | 136,880 | 158,491 | 190,240
LE (K) 75 148 190 242 300 362 420 504
M10K memory blocks 800 1,051 1,180 1,366 1,510 1,726 2,054 2,414
MLAB memory (Kbit) 463 873 1,173 1,448 1,852 2,098 2,532 2,906
Block memory (Kbit) 8,000 | 10,510 | 11,800 | 13,660 | 15,100 | 17,260 | 20,540 | 24,140
Variable-precision DSP blocks 240 396 600 800 920 1,045 1,092 1,139
18 x 19 multipliers 480 792 1,200 1,600 1,840 2,090 2,184 2,278
Fractional PLLs (7 10 10 12 12 12 12 16 16
GPIO 480 480 544 544 704 704 704 704
LVDS transmitter (TX) 2 68 68 120 120 160 160 156 160
LVDS receiver (RX) (2 80 80 136 136 176 176 172 176
PCle hard IP blocks 1 1 2 2 2 2 2 2
Hard memory controllers 2 2 4 4 4 4 4 4

Notes to Table 1-2:

(1) The total number of available fractional PLLs is a combination of general-purpose and transceiver PLLs. Transceiver fractional PLLs that are
not used by the transceiver 1/0 can be used as general-purpose fractional PLLs.

(2) For the LVDS channels count for each package, refer to the High-Speed Differential I/0 Interfaces with DPA in Arria V Devices chapter.

Arria V Device Handbook
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Chapter 1: Overview for the Arria V Device Family 1-5
Arria V Family Plan
Table 1-3. Maximum Resource Counts for Arria V GT, SX, and ST Devices—Preliminary
Arria V GT Device Arria V SX Device Arria V ST Device
Feature
5AGTD3 5AGTD7 5ASXB3 5ASXB5 5ASTD3 5ASTD5
ALMs 136,880 190,240 132,075 174,340 132,075 174,340
LE (K) 362 504 350 462 350 462
M10K memory blocks 1,726 2,414 1,729 2,282 1,729 2,282
MLAB memory (Kb) 2,098 2,906 2,014 2,658 2,014 2,658
Block memory (Kb) 17,260 24,140 17,288 22,820 17,288 22,820
Variable-precision DSP blocks 1,045 1,156 809 1,068 809 1,068
18 x 19 multipliers 2,090 2,312 1,618 2,186 1,618 2,186
FPGA Fractional PLLs (") 12 16 TBD TBD TBD TBD
HPS PLLs (7 — — TBD TBD TBD TBD
FPGA GPIO 704 704 528 528 528 528
HPS 1/0 — — 216 216 216 216
LVDS TX @ 160 160 120 120 120 120
LVDS RX 2 176 176 120 120 120 120
PCle hard IP blocks 2 2 2 2 2 2
Hard memory controllers 4 4 3 3 3 3
HPS memory controllers — — 1 1 1 1
ﬁﬁ)l\élegggtrex—Ag MPCore — — Dual-core | Dual-core | Dual-core | Dual-core
Notes to Table 1-3:
(1) The total number of available fractional PLLs is a combination of general-purpose and transceiver PLLs. Transceiver fractional PLLs,
when not used by the transceiver I/0, can be used as a general-purpose fractional PLL.
(2) For the LVDS channels count for each package, refer to the High-Speed Differential I/0 Interfaces with DPA in Arria V Devices chapter.
February 2012  Altera Corporation Arria V Device Handbook
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1-6 Chapter 1: Overview for the Arria V Device Family
Arria V Family Plan

Table 14 lists the Arria V package plan. The package plan shows the GPIO counts,
the maximum number of 6-Gbps transceivers available, and the maximum number of
10-Gbps transceivers available per density and package. Various combinations of
6-Gbps and 10-Gbps transceiver counts are available.

Table 1-4. Package Plan for Arria V Devices —Preliminary (7

F672 (27 mm) F896 (31 mm) F1152 (35 mm) F1517 (40 mm)
Flip Chip Flip Chip Flip Chip Flip Chip
Varients | Devices p— s S s
PIO | HP HP HP
GPIO | XCVR | “;" | /o’ | XCVR | GPIO | "Lo' | XCVR | GPIO | .o | XCVR
AGXA1 h336 | 9 p480 | — [ 12 | — [ — | — | — | = | —
5AGXA3 [y336 | 9 w480 | — | 12 | — | — | — [ — | — | —
5AGXAS h336 | 9 [y384 | — | 18 [ps5ed | — | 24 | — | — | —
Arria V GX | 5AGXA7 |V 336 9 [[384 | — 18 || 544 | — 24 — — —
@ IsaexBt | — | — |34 | — | 18 |[|544 | — | 24 |A704 | — | 24
5AGXB3 | — | — [[384 | — | 18 [[544 | — [ 24 [[704 | — | 24
5AGXB5 | — | — [[— | — | — ||544 | — | 24 |[704 | — | 36
5AGXB7 | — | — [[— | — | — ||544 | — | 24 |[704 | — | 36
AriaVeT | 5AGTD3 | — | — W384 | — [ 12,2 || 544 | — [ 124|704 | — [ 12,4
@@ lspet7 | — | — [ — | — | — [N544 | — | 12,4 [y704 | — | 12,8
Arriavsx | 5ASxB3 | — | — |h178 | 216 | 12 |h350 [ 216 | 18 |A528 | 216 | 30
@ |sAsxB5 | — | — N178 | 216 | 12 [y 350 | 216 | 18 |y528 | 216 | 30
ArriavsT | 5ASTD3 | — | — 178 | 216 | 6,2 k350 | 216 | 12,2 [A528 | 216 | 12,6
@ spstDS | — | — 178 | 216 | 6,2 |y 350 | 216 | 12,2 [y 528 | 216 | 12,6

Notes to Table 1-4:

(1) Thearrows indicate the package vertical migration capability. Vertical migration allows you to migrate across device densities for devices having
the same dedicated pins, configuration pins, and power pins for a given package.

(2) Inthe F896 package, the PCle hard IP block on the right side of the 5AGXA5, 5SAGXA7, 5AGXB1, 5AGXB3, and 5AGTD3 devices supports x1 for
Gen1 and Gen2 data rates.

(3) The transceiver counts listed are for 6-Gbps transceivers.
(4) The transceiver counts listed are for 6-Gbps and 10-Gbps transceivers, respectively.

(5) You can alternatively configure any pair of 10-Gbps channels as six 6-Gbps channels. For instance, you can alternatively configure the 5AGTD7
device in the F1517 package as eighteen 6-Gbps and six 10-Gbps, twenty-four 6-Gbps and four 10-Gbps, or thirty 6-Gbps and two 10-Gbps
channels.

Arria V Device Handbook February 2012 Altera Corporation
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Chapter 1: Overview for the Arria V Device Family
Low-Power Serial Transceivers

Low-Power Serial Transceivers

Arria V devices deliver the industry’s lowest power 10-Gbps transceivers at less than
140 mW and 6-Gbps transceivers at less than 100 mW power consumption per
channel. Arria V transceivers are designed to be standard compliant for a wide range

of protocols and data rates.

The transceivers are positioned on the left and right outer edges of the device, as

shown in Figure 1-1.

Figure 1-1. Device Chip Overview for Arria V Devices (- 2
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Notes to Figure 1-1:

(1) This figure represents an Arria V device with transceivers. Other Arria V devices may have a different floor plan than the one shown here.
(2) This figure is a graphical representation of a top view of the silicon die, which corresponds to a reverse view for flip chip packages.
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Chapter 1: Overview for the Arria V Device Family
Low-Power Serial Transceivers

PMA Support

To prevent core and I/0O noise from coupling into the transceivers, the PMA block is
isolated from the rest of the chip, ensuring optimal signal integrity. The transceiver
channels consist of the PMA, PCS, and clock networks. You can also use the unused
receiver PMA channels as additional transmit PLLs.

Table 1-5 lists the transceiver PMA features.

Table 1-5. Transceiver PMA Features for Arria V Devices

Features Capability

Up to 16” FR4 PGB fabric drive capability at up
t0 6.5536 Gbps

Up to 10.3125 Gbps
Superior jitter tolerance

Backplane support

Chip-to-chip support
PLL-based clock recovery

Programmable serializer and deserializer
(SERDES)

Flexible SERDES width

Up to 6 dB of pre-emphasis and 4 dB of
equalization

611 Mbps to 10.3125 Gbps
27 MHz to 710 MHz

Allows reconfiguration of single channels
without affecting operation of other channels

Equalization and pre-emphasis

Ring oscillator transmit PLLs
Input reference clock range

Transceiver dynamic reconfiguration

PCS Support

The Arria V core logic connects to the PCS through an 8-, 10-, 16-, 20-, 32-, or 40-bit
interface, depending on the transceiver data rate and protocol. Arria V devices
contain PCS hard IP to support PCle Genl and Gen2, XAUI, GbE, Serial

RapidIO® (SRIO), and CPRI protocols. All other standard and proprietary protocols
from 611 Mbps to 6.5536 Gbps are supported through the custom double-width mode
(up to 6.5536 Gbps) and custom single-width mode (up to 3.75 Gbps) transceiver PCS
hard IP. A dedicated 80-bit interface to the core logic connects directly from the PMA,
bypassing the PCS hard IP, to support all protocols beyond 6.5536 Gbps up to 10.3125
Gbps.

Table 1-6 lists the transceiver PCS features.

Table 1-6. Transceiver PCS Features for Arria V Devices (Part 1 of 2)

PCS Support (/) Data Rates (Ghps)

Transmitter Data Path

Receiver Data Path

Custom single- and

double-width modes 0.61 to ~6.5536

Phase compensation FIFO, byte
serializer, and 8B/10B encoder

Word aligner, 8B/10B decoder, byte
deserializer, and phase
compensation FIFO

PCle Gen1:x1, x2, x4, x8

The same as custom single- and

The same as custom single- and
double-width modes, plus rate

PCle Gen2: x1, x2, x4 (2 25and50 | double-width modes, plus PIPE2.0 | oy 'riFg and PIPE 2.0 interface
interface to the core logic )
to the core logic
The same as custom single- and The same as custom single- and
GbE 1.25 ! double-width modes, plus rate
double-width modes
match FIFO
Arria V Device Handbook February 2012 Altera Corporation
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Chapter 1: Overview for the Arria
Low-Power Serial Transceivers

V Device Family

Table 1-6. Transceiver PCS Features for Arria V Devices (Part 2 of 2)

PCS Support (7 Data Rates (Gbps) Transmitter Data Path Receiver Data Path
The same as custom single- and The same as custom single- and
XAUI 3.195 double-width modes, plus the XAUI | double-width modes, plus the XAUI
' state machine for bonding four state machine for realigning four
channels channels, and deskew FIFO circuitry
The same as custom single- and The same as custom single- and
SRIO 125106.25 double-width modes double-width modes
Phase compensation FIFO, byte Byte deserializer and phase
3
SDI 0.27(%,1.485,2.97 serializer compensation FIFO
. Phase compensation FIFO, byte
Serial ATA 1.5,3.0,6.0 5:2:5;?2%3? Sgtlé?c(F)Ing, byte deserializer, word aligner, and
’ 8B/10B decoder
The same as custom single- and The same as custom single- and
CPRI @ 0.6144 10 6.144 double-width modes, plus the TX double-width modes, plus the RX
deterministic latency deterministic latency
GPON (5 195and 2.5 Phgsg compensation FIFO and byte Phasq cpmpensatlon FIFO and byte
serializer deserializer

Notes to Table 1-6:

PCle Gen2 is supported with

February 2012  Altera Corporation

the PCle hard IP only.

1) Data rates above 6.5536 Gbps up to 10.3125 Gbps, such as 10GBASE-R, are supported through soft PCS.

The 0.27-Gbps data rate is supported using oversampling user logics that you must implement in the FPGA fabric.
CPRI data rates above 6.5536 Gbps, such as 9.8304 Gbps, are supported through soft PCS.
The GPON standard does not support burst mode.

Arria V Device Handbook
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Chapter 1: Overview for the Arria V Device Family
PCle Gen1 and Gen2 Hard IP

PCle Gen1 and Gen2 Hard IP

Arria V devices contain PCle hard IP designed for performance, ease-of-use, and
increased functionality. The PCle hard IP consists of the PHY MAC, data link, and
transaction layers. The PCle hard IP supports PCle Gen2 end point and root port for
up to x4 lane configurations, and PCle Genl end point and root port for up to x8 lane
configurations. PCle endpoint support includes multifunction support for up to eight
functions, as shown in Figure 1-2.

Figure 1-2. PCle Multifunction for Arria V Devices

Memory
Controller

Root PCle Link

Complex

PCle RP

Local
Periph 1

Local
Periph 2

Bridge to
PCle

FPGA GPI0s

Arria V Device Handbook

The Arria V PCle hard IP operates independently from the core logic, which allows
the PCle link to wake up and complete link training in less than 100 ms, while the
Arria V device completes loading the programming file for the rest of the device. In
addition, the Arria V PCle hard IP has improved end-to-end data path protection
using ECC.

Arria V devices offer highly configurable GPIOs. The following list describes the
many features of the GPIOs:

m Programmable bus hold and weak pull-up.

m LVDS output buffer with programmable differential output voltage (Vop) and
programmable pre-emphasis.

m Dynamic on-chip parallel termination (Ry OCT) for all I/O banks with OCT
calibration to limit the termination impedance variation.

® On-chip dynamic termination to swap between serial and parallel termination,
depending on whether there is reading or writing on a common bus for signal
integrity.

m Configurable unused voltage reference (VREF) pins as user I/Os.

m Easy timing closure support using the hardened read FIFO in the input register
path, and delay-locked loop (DLL) delay chain with fine and coarse architecture.
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External Memory

Arria V devices support up to four hardened memory controllers for DDR3 and
DDR2 SDRAM. Each controller supports 8- to 32-bit components up to 4 gigabits (Gb)
in density with two-chip select and optional ECC. Arria V devices do not support

DDR3 SDRAM leveling.

Arria V devices also support soft memory controllers for DDR3, DDR2, LPDDR?2, and
LPDDR SDRAM, RLDRAM II, QDR II, and QDR II+ SRAM for maximum flexibility.

Table 1-7 lists the external memory interface block performance.
Tahle 1-7. External Memory Interface Performance for Arria V Devices

Interface Voltage (V) Hard Controller (MHz) | Soft Controller (MHz)
1.5 533 667
DDR3 SDRAM 1.35 533 667
1.25 400 400
1.8 400 400
DDR2 SDRAM
1.5 400 400
RLDRAM I 1.8 " 400
1.8 1) 400
QDR 11+ SRAM
1.5 (1) 400
1.8 "M 400
QDR Il SRAM
1.5 (1) 400
1.8 " 400
DDR I+ SRAM @
1.5 1) 400
LPDDR SDRAM @ 1.8 " 200
LPDDR2 SDRAM @ 1.2 1) 400
Notes to Table 1-7:
(1) These memory interfaces are not supported in the hard memory controller.
(2) These memory interfaces are not available as Altera® IP.
February 2012  Altera Corporation Arria V Device Handbook
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ALM

Arria V devices use a 28-nm ALM as the basic building block of the device fabric. The
ALM shown in Figure 1-3 uses an 8-input fracturable look-up table (LUT) with four
dedicated registers to help improve timing closure in register-rich designs and
achieve an even higher design packing capability than previous generations.

You can configure up to 25% of the ALMs in Arria V devices as distributed MLABs.
For more information, refer to “Embedded Memory” on page 1-14.

Figure 1-3. ALM for Arria V Devices
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Variahle-Precision DSP Block

Arria V devices feature a variable-precision DSP block that you can configure to
support signal processing with precision ranging from 9 x 9, 18 x 19, and 27 x 27 bits
natively.

You can independently configure each DSP block during compilation as a triple 9 x 9,
a dual 18 x 19 multiply, or a single 27 x 27. With a dedicated 64-bit cascade bus, you
can cascade multiple variable-precision DSP blocks to implement even higher
precision DSP functions efficiently.

The variable precision DSP block also supports these features:

m 64-bit accumulator that is the largest in the industry,

m Double accumulator

Hard pre-adder that is available in both 18- and 27-bit modes
Cascaded output adders for efficient systolic FIR filters
Dynamic coefficients

18-bit internal coefficient register banks

Enhanced independent multiplier operation

Efficient support for single floating point arithmetic

Inferability of all modes by the Altera Complete Design Suite

Arria V Device Handbook February 2012  Altera Corporation
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Variable-Precision DSP Block

Table 1-8 lists the accommodation of different configurations in a DSP block.

Tahle 1-8. Variahle-Precision DSP Block Configurations for Arria V Devices

Multiplier Size (Bit) DSP Block Resources Expected Usage
Three 9x9 1 variable-precision DSP block Low precision fixed point for video applications
Two18 x 19 1 of variable-precision DSP block Medium precision fixed point in FIR filters
Two 18 x 19 with 1 variable-precision DSP block FIR filters
accumulate
One 27 x 27 1 variable-precision DSP block Single precision floating point

Table 1-9 lists the number of multipliers in Arria V devices.

Table 1-9. Number of Multipliers in Arria V Devices

Indepeqdqnt Ipput and QOutput 18 X 1 8
Variable Multiplications Operator 18x19 M:I;ﬂ:er
Variants Devices Precision Multiplier Summed
DSP Blocks 9x9 18x 19 27 x 27 Adder Mode ith 36-hit
Multipliers | Multipliers | Multipliers With 3b-hi
Input
5AGXA1 240 720 480 240 240 240
5AGXA3 396 1,188 792 396 396 396
5AGXA5 600 1,800 1,200 600 600 600
. 5AGXA7 800 2,400 1,600 800 800 800
Arria V GX
5AGXB1 920 2,760 1,840 920 920 920
5AGXB3 1,045 3,135 2,090 1,045 1,045 1,045
5AGXB5 1,092 3,276 2,184 1,092 1,092 1,092
5AGXB7 1,139 3,417 2,278 1,139 1,139 1,139
. 5AGTD3 1,045 3,135 2,090 1,045 1,045 1,045
ArriaV GT
5AGTD7 1,139 3,417 2,278 1,139 1,139 1,139
) 5ASXB3 809 2,427 1,618 809 809 809
Arria V SX
5ASXB5 1,068 3,204 2,136 1068 1,068 1,068
) 5ASTD3 809 2,427 1,618 809 809 809
Arria V ST
5ASTD5 1,068 3,204 2,136 1068 1,068 1,068
February 2012  Altera Corporation Arria V Device Handbook

Volume 1: Device Overview and Datasheet




1-14

Chapter 1: Overview for the Arria V Device Family
Embedded Memory

Embedded Memory

The Arria V memory blocks are flexible and designed to provide an optimal amount
of small- and large-sized memory arrays. Arria V devices contain two types of
embedded memory blocks:

m  640-bit MLAB blocks—for wide and shallow memories. You can use up to 25% of
the device LABs as MLAB. The MLAB operates at up to 500 MHz.

m 10-Kb M10K blocks—for larger memory configurations. The M10K embedded
memory operates at up to 400 MHz.

Table 1-10 lists the supported memory configurations for Arria V devices.

Table 1-10. Embedded Memory Block Configuration for Arria V Devices

Memory Block Depth (bits) Programmable Widths
MLAB 32 x16, x18, or x20
256 x40 or x32
512 x20 or x16
M10K 1K x10 or x8
2K x5 or x4
4K X2
8K x1

Dynamic and Partial Reconfiguration

Arria V Device Handbook

Dynamic reconfiguration enables transceiver data rates or encoding schemes to be
changed dynamically while maintaining data transfer on adjacent transceiver
channels in Arria V devices. Dynamic reconfiguration is ideal for applications
requiring on-the-fly multi-protocol or multi-rate support. You can reconfigure the
PMA, PCS, and PCle hard IP blocks with dynamic reconfiguration.

Partial reconfiguration allows you to reconfigure part of the device while other
sections remain running. Partial reconfiguration is required in systems where the
uptime is critical because it allows you to make updates or adjust functionality
without disrupting other services. While lowering power and cost, partial
reconfiguration also increases the effective logic density by removing the necessity to
place the device functions that do not operate simultaneously. Instead, you can store
these functions in external memory and load them as required. This reduces the size
of the required device by allowing multiple applications on a single device, which
saves board space and reduces power consumption.

Altera simplifies the time-intensive task of partial reconfiguration by building the
partial reconfiguration capability on top of the proven incremental compile and
design flow in the Quartus®II software. With this Altera solution, you do not need to
know all the intricate device architecture details to perform a partial reconfiguration.

Partial reconfiguration is supported through the FPP x16 configuration interface. You
can seamlessly use partial reconfiguration in tandem with dynamic reconfiguration to
enable partial reconfiguration of both the core and transceiver simultaneously.

February 2012 Altera Corporation
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Clock Networks and PLL Glock Sources

The Arria V clock network architecture is based on Altera’s proven global, quadrant,
and peripheral clock structure, which is supported by dedicated clock input pins and
fractional PLLs. Arria V devices have 16 global clock networks capable of up to

625 MHz operation. The Quartus II software identifies all unused sections of the clock
network and powers them down, which reduces power consumption.

Arria V devices have up to 16 PLLs with 18 output counters per PLL. One fractional
PLL can use up to 18 output counters and two adjacent fractional PLLs share the 18
output counters. You can use fractional PLLs to reduce the number of oscillators
required on your board, as well as reduce the clock pins used in the device by
synthesizing multiple clock frequencies from a single reference clock source. You can
use the PLLs for frequency synthesis, on-chip clock deskew, jitter attenuation,
dynamic phase-shift, zero delay buffers, counters reconfiguration, bandwidth
reconfiguration, programmable output clock duty cycles, PLL cascading, and
reference clock switchover.

Arria V devices use a fractional PLL architecture in addition to the historical integer
PLL. When you use fractional PLL mode, you can use the PLLs for precision
fractional-N frequency synthesis—removing the need for an off-chip reference clock.
Transceiver fractional PLLs, when not used by the Transceiver I/O, can be used as
general-purpose fractional PLLs by the FPGA fabric.

February 2012  Altera Corporation Arria V Device Handbook
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Enhanced Configuration and Configuration via Protocol

Arria V devices support 3.3-V programming voltage and the following configuration

Table 1-11. Configuration Modes and Features for Arria V Devices

modes:

m active serial (AS)

m passive serial (PS)

m fast passive parallel (FPP)

m CvP

m  Configuration via HPS

m configuration through JTAG

You can configure Arria V devices through PCle using CvP instead of an external
flash or ROM. The CvP mode offers the fastest configuration rate and flexibility with

the easy-to-use PCle hard IP block interface. The Arria V CvP implementation
conforms to the PCle 100-ms power-up-to-active time requirement.

“ =@ For more information regarding CvP, refer to the Configuration via Protocol (CuP)

Implementation in Altera FPGAs User Guide.

Table 1-11 lists the configuration modes that Arria V devices support.

Maximum Maximum Design Remote Partial
Mode Data Width (Bit) Clock Rate Data Rate | Decompression : System . .
(MHz) (Mbps) Security Update Reconfiguration

AS 1,4 100 — v v v —

PS 1 125 125 v v — —

FPP 8,16 125 — v v ﬂaZﬁrl":)'féer 16-bit only
CvP x1, x2, x4, x8 (1) — — v v v v

HPS 32 125 — v v Parallel v

flash loader

JTAG 1 33 33 — — — —

Note to Table 1-11:
(1) Number of lanes instead of bits.

Power Management

Arria V devices leverage FPGA architectural features and process technology

advancements to reduce the total device core power consumption by as much as 50%
when compared with Stratix IV devices at the same performance level.

Additionally, Arria V devices have a number of hard IP blocks that not only reduce
logic resources but also deliver substantial power savings when compared with soft
implementations. The list includes PCle Genl and Gen2, XAUI, GbE, SRIO, GPON

and CPRI protocols. The hard IP blocks consume up to 25% less power than
equivalent soft implementations.

Arria V Device Handbook
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Arria V transceivers are also designed for power efficiency. As a result, the transceiver
channels consume 50% less power than the previous generation of Arria devices.

SoC FPGA with HPS

Each SoC FPGA device combines an FPGA fabric and an HPS in a single device. This
combination delivers the flexibility of programmable logic with the power and cost
savings of hard IP in the following ways:

m Reduces board space, system power, and bill of materials cost by eliminating a
discrete embedded processor

m  Allows you to differentiate the end product in both the hardware and software,
and to support virtually any interface standard

m Extends the product life and revenue through in-field hardware and software

updates

Features of the HPS

The HPS consists of a dual-core ARM Cortex-A9 MPCore processor, a rich set of
peripherals, and a shared multiport SDRAM memory controller, as shown in

Figure 1-4..

Figure 1-4. HPS with Dual-Core ARM Cortex-A9 MPCore Processor

Configuration Lightweight .
Controller ~ FPGA-to-HPS HPS-0-FPGA HPS-to-FPGA FPGA Fabric FPGA-to-HPS SDRAM
A A A
| FPGA
~| Manager HPS
4 v \AA /
Ethernet | | ARM Cortex-A9 MPCore
MAC (2x)
CPUO CPU1
USB L (ARM Cortex-A9 (ARM Cortex-A9
OTG (2%) 61 KB with NEON/FPU, with NEON/FPU,
32 KB Instruction Cache, | 32 KB Instruction Cache,
= Boot ' '
NAND Flash > o0 32 KB Data Cache, and 32 KB Data Cache, and .
Controller ROM . . Multiport
Memory Management Unit) | Memory Management Unit)
DDR SDRAM
SD/MMC/SDIO Level 3 Controller
Controller Interconnect ACP | SCU with
i I Optional ECC
DMA
Controller — L2 Cache (512 KB) >
ETR 64 KB
(Trace) > = On-Chip
RAM
Debug _
Access Port i g
Low Speed Peripherals
(Timers, GPIOs, UART, SPI, 12C, Quad SP!I Flash Controller, System Manager, Clock Manager, Reset Manager, and Scan Manager)
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System Peripherals

The Ethernet MAC, USB OTG controller, NAND flash controller and SD/MMC /SDIO
controller modules have an integrated DMA controller. For modules without an
integrated DMA controller, an additional DMA controller module provides up to
eight channels for high-bandwidth data transfers. The debug access port provides
interfaces to industry standard JTAG debug probes and supports ARM CoreSight
debug and core traces to facilitate software development.

HPS-FPGA AXI Bridges

The HPS-FPGA bridges, which support the Advanced Microcontroller Bus
Architecture (AMBA®) Advanced eXtensible Interface (AXI™) specifications, consist
of the following bridges:

m FPGA-to-HPS AXI bridge—a high-performance bus supporting 32-, 64-, and
128-bit data widths that allows the FPGA fabric to master transactions to the slaves
in the HPS

m HPS-to-FPGA AXI bridge—a high-performance bus supporting 32-, 64-, and
128-bit data widths that allows the HPS to master transactions to the slaves in the
FPGA fabric.

m Lightweight HPS-to-FPGA AXI bridge—a lower performance 32-bit width bus
that allows the HPS to master transactions to the slaves in the FPGA fabric.

The HPS-FPGA AXI bridges also allow the FPGA fabric to access the memory shared
by one or both microprocessors, and provide asynchronous clock crossing with the
clock from the FPGA fabric.

HPS SDRAM Controller Subsystem

The HPS SDRAM controller subsystem contains a multiport SDRAM controller and
DDR PHY that is shared between the FPGA fabric (through the

FPGA-to-HPS SDRAM interface), the level 2 (L2) cache, and the level 3 (L3) system
interconnect. The FPGA-to-HPS SDRAM interface supports AMBA AXI and Avalon®
Memory-Mapped (Avalon-MM) interface standards, and provides up to four ports
with separate read and write directions.

To maximize memory performance, the HPS SDRAM controller subsystem supports
command and data reordering, deficit round-robin arbitration with aging, and
high-priority bypass features. The HPS SDRAM controller subsystem supports DDR2,
DDR3, LPDDR, or LPDDR2 devices up to 4 Gb and runs up to 533 MHz (1066 Mbps
data rate).

For easy migration, the FPGA-to-HPS SDRAM interface is compatible with the
interface of the soft SDRAM memory controller IPs and hard SDRAM memory
controllers in the FPGA fabric.

FPGA Configuration and Processor Booting

Arria V Device Handbook

The FPGA fabric and HPS in the SoC FPGA are powered independently. You can
reduce the clock frequencies or gate the clocks to reduce dynamic power, or shut
down the entire FPGA fabric to reduce total system power.

You can configure the FPGA fabric and boot the HPS independently, in any order,
providing you with more design flexibility:

February 2012 Altera Corporation
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B You can boot the HPS before you power up and configure the FPGA fabric. After
the system is running, the HPS reconfigures the FPGA fabric at any time under
program control or through the FPGA configuration controller.

®  You can power up both the HPS and the FPGA fabric together, configure the FPGA
fabric first, and then upload the boot code to the HPS from the FPGA fabric.

Hardware and Software Development

For hardware development, you can configure the HPS and connect your soft logic in
the FPGA fabric to the HPS interfaces using the Qsys system integration tool in the
Quartus II software.

For software development, the ARM-based SoC FPGA devices inherit the rich
software development ecosystem available for the ARM Cortex-A9 MPCore
processor. The software development process for Altera SoC FPGAs follows the same
steps as those for other SoC devices. Altera also provides support for the Linux and
VxWorks® operating systems.

You can begin device-specific firmware and software development on the Altera

SoC FPGA Virtual Target. The Virtual Target is a PC-based fast-functional simulation
of a target development system—a model of a complete development board that runs
on a PC. The Virtual Target enables the development of device-specific production
software that can run unmodified on actual hardware.

February 2012  Altera Corporation Arria V Device Handbook
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Ordering Information

Ordering Information

This section describes the ordering information for Arria V devices.

Figure 1-5 and Figure 1-6 show the ordering codes for Arria V devices.

Figure 1-5. Ordering Information for Arria V GX and GT Devices

D:9 F : FineLine BGA (FBGA)
B : No hard PCle or hard E ) 12

memory controller G ) 18
M : 1hard PCle and 2 hard H ) o4

memory controller K - 36 C : Commercial temperature (T, = 0° C to 85° C)
F : Maximum 2 hard PCle and ’

| : Industrial temperature (T, = -40° C to 100° C)
4 hard memory controllers

sa laxfmissalafrfar]claln]

5A : AriaV

N : Lead-free packaging

ES: Engineering sample
GX: 6-Gbps transceivers

GT: 10-Gbps transceivers

FBGA Package Type GX Variant
27 . 672 pins 4 (fastest)
. 31 : 896 pins 5
GX Variant 35 1,152 pins 6
A1: 75K logic elements . 40 : 1,517 pins GT Variant
A3: 149K logic elements fX Ya(r;a(;; P 5
A5: 190K logic elements L ps
A7: 243K logic elements 6 : 3-Gbps
B1: 300K logic elements GT Variant
B3: 362K logic elements 3 : 10-Gbps

B5: 420K logic elements
B7: 503K logic elements
GT Variant

D3: 362K logic elements
D7: 503K logic elements

Arria V Device Handbook
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Figure 1-6. Ordering Information for Arria V $X and ST Devices

SX Variant
(6-Gbps)
D:9
B : Nohard PCle or hard E : 12 F : Fineline BGA (FBGA)
memory controller G : 18
M : 1 hard PCle and 2 hard H : 24
memory controller ST Variant
F: Maximum 2 hard PCle and (6-Gbps, 10-Gbps) C : Commercial temperature (T = 0° C to 85° C)
3 hard memory cqntrollers E : 62 | Industrial temperature (T, =-40° C to 100° C)
(These numbers do not include the G : 18,2
hard memory controllers in the HPS) K : 12,6

5A : AriaV

SX: 6-Gbps transceivers
ST : 10-Gbps transceivers

SX Variant
B3 : 350K logic elements
B5 : 460K logic elements
ST Variant
D3 : 350K logic elements
D5 : 460K logic elements

sa | sTfr]os |klafrfa]i]sin]

N : Lead-free packaging
ES: Engineering sample

FBGA Package Type SX Variant
31 : 896 pins 4 (fastest)
35 : 1,152 pins 5
40 : 1,517 pins 6
SX Variant ST Variant
4 : 6-Gbps 5
6 : 3-Gbps
ST Variant
3 : 10-Gbps

Document Revision History
Table 1-12 lists the revision history for this chapter.

Tahle 1-12. Document Revision History

Date Version

Changes

February 2012 1.3

Updated Table 1-2 and Table 1-3.
Updated Figure 1-5 and Figure 1-6.
Minor text edits.

December 2011 1.2

Minor text edits.

November 2011 1.1

Updated Table 1-1, Table 1-2, Table 1-3, Table 1-4, Table 1-6, Table 1-7, Table 1-9, and
Table 1-10.

Added “SoC FPGA with HPS” section.

Updated “Clock Networks and PLL Clock Sources” and “Ordering Information” sections.
Updated Figure 1-5.

Added Figure 1-6.

Minor text edits.

August 2011 1.0

Initial release.
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A |:| = —— A 2. Device Datasheet for Arria V Devices

This chapter describes the electrical characteristics, switching characteristics, and
configuration specifications for Arria® V devices. Electrical characteristics include
operating conditions and power consumption. Switching characteristics include
transceiver specifications, and core and periphery performance. Configuration
specifications include power-on reset (POR) specification, initialization clock source
option and timing, various configuration mode timing parameters, remote system
upgrades timing, and user watchdog internal oscillator frequency specification. This
chapter also describes I/O timing, including programmable I/O element (IOE) delay
and programmable output buffer delay.

“ e For more information about the densities and packages of devices in the Arria V

family, refer to the Overview for Arria V Device Family chapter.

Electrical Gharacteristics

The following sections describe the electrical characteristics of Arria V devices.

Operating Conditions

When you use Arria V devices, they are rated according to a set of defined
parameters. To maintain the highest possible performance and reliability of the
Arria V devices, you must consider the operating requirements described in this
chapter.

Arria V devices are offered in commercial and industrial grades. Commercial devices
are offered in —4 (fastest), -5, and —6 speed grades. Industrial grade devices are offered
in the -5 speed grade.

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for Arria V
devices. The values are based on experiments conducted with the devices and
theoretical modeling of breakdown and damage mechanisms. The functional
operation of the device is not implied for these conditions.
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A Conditions other than those listed in Table 2-1 may cause permanent damage to the
device. Additionally, device operation at the absolute maximum ratings for extended

CAUTION

periods of time may have adverse effects on the device.

Tahle 2-1. Absolute Maximum Ratings for Arria V Devices—Preliminary

Symbol Description Minimum | Maximum | Unit
Vee Core voltage power supply -0.5 1.35 v
Voo Peri.phery circuitry, PCle® hard IP block, and transceiver physical 05 135 v

coding sublayer (PCS) power supply
Vecram Configuration pins power supply -0.5 3.75 v
Vecaux Auxiliary supply 0.5 3.75 v
Vecpar Battery back-up power supply for design security volatile key register -0.5 3.75 vV
Vecrp I/0 pre-driver power supply —0.5 3.75 V
Veeio I/0 power supply -0.5 3.9 v
Veen_ppLL Phase-locked loop (PLL) digital power supply 0.5 1.8 \Y
Veca reLL PLL analog power supply -0.5 3.75 v
Vica exs Transceiver high voltage power 05 3.75 v
VecH 6xs Transmitter output buffer power -0.5 1.8 v
Viecr 6xs Receiver power -0.5 1.21 Y
Ve 6xs Transmitter power 0.5 1.21 \Y
VoL exs Clock network power 0.5 1.21 \Y
\'A DC input voltage -0.5 4 v
lour DC output current per pin -25 40 mA
T, Operating junction temperature -55 125 °C
Tsta Storage temperature (No bias) —65 150 °C
Ve Hps Core voltage power supply -0.5 1.35 v
Vecpp_Hps I/0 pre-driver power supply —05 3.75 v
Vecio_nps I/0 power supply 0.5 3.9 V
VocrsTok wes | Configuration pins power supply 05 3.75 v
VecpLL Hps PLL analog power supply -0.5 3.75 v
Arria V Device Handbook February 2012 Altera Corporation
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Electrical Characteristics

Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage listed in Table 2-2 and
undershoot to —2.0 V for input currents less than 100 mA and periods shorter than
20 ns.

Table 2-2 lists the maximum allowed input overshoot voltage and the duration of the
overshoot voltage as a percentage of device lifetime. 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% duty cycle. For example, a signal that
overshoots to 3.95 V can only be at 3.95 V for ~5% over the lifetime of the device; for a
device lifetime of 10 years, this amounts to half a year.

Table 2-2. Maximum Allowed Overshoot During Transitions for Arria V Devices—Preliminary

Symbol Description Condition (V) Oversl:)t;oliiglﬂr:itii:: as % Unit

3.7 100 %

3.75 59.79 %

3.8 33.08 %

3.85 18.45 %

Vi (AC) AC input voltage 3.9 10.36 %
3.95 5.87 %

4 3.34 %

4.05 1.92 %

41 1.11 %
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Recommended Operating Conditions

This section lists the functional operation limits for the AC and DC parameters for
Arria V devices. Table 2-3 lists the steady-state voltage values expected from Arria V
devices. Power supply ramps must all be strictly monotonic, without plateaus.

Table 2-3. Recommended Operating Conditions for Arria V Devices—Preliminary

Symbol Description Condition Minimum Typical Maximum | Unit
Vee Core voltage power supply — 1.07 1.1 1.13 v
Vo | ankcever POS poversumy | | M| 1| e
Vecaux Auxiliary supply — 2.375 2.5 2.625 v

I/0 pre-driver (3.3 V) power supply — 3.135 3.3 3.465 v
Veerp (7 /0 pre-driver (3.0 V) power supply — 2.85 3.0 3.15 v
I/0 pre-driver (2.5 V) power supply — 2.375 2.5 2.625 v
I/0 buffers (3.3 V) power supply — 3.135 3.3 3.465 v
I/0 buffers (3.0 V) power supply — 2.85 3.0 3.15 v
I/0 buffers (2.5 V) power supply — 2.375 2.5 2.625 v
Voo I/0 buffers (1.8 V) power supply — 1.71 1.8 1.89 v
/0 buffers (1.5 V) power supply — 1.425 1.5 1.575 v
I/0 buffers (1.35 V) power supply — 1.283 1.35 1.418 v
I/0 buffers (1.25 V) power supply — 1.19 1.25 1.31 V
I/0 buffers (1.2 V) power supply — 1.14 1.2 1.26 v
Configuration pins (3.3 V) power supply — 3.135 3.3 3.465 v
Voo Configuration pins (3.0 V) power supply — 2.85 3.0 3.15 v
Configuration pins (2.5 V) power supply — 2.375 2.5 2.625 V
Configuration pins (1.8 V) power supply — 1.71 1.8 1.89 v
Veca epLL PLL analog voltage regulator power supply — 2.375 2.5 2.625 V
Veen_ppLL PLL digital voltage regulator power supply — 1.425 15 1.575 v
Vogear (Bl?;:eégs?(?ﬁks:gu[r)i(’:y \?(r)lsaltjiil)epllgey register) o 12 o 30 v
Vv, DC input voltage — -0.5 — 3.6 V
Vo Output voltage — 0 — Veeio V
o Commercial 0 — 85 °C

T, Operating junction temperature -
Industrial -40 — 100 °C
| ﬁg’ggg&% 200 ps — | 100ms | —

trawe @ Power supply ramp time
Fast POR 200 s . Ams .
(PORSEL=1)

Notes to Table 2-3:

(1) VCCPD must be 2.5 V when V00|0 is2.5,1.8,15,1.35,1.250r1.2 V. VCCPD must be 3.0 V when V00|0 is3.0V.

(2) Ifyou do not use the design security feature in Arria V devices, connect Vgegar to @ 1.5-V, 2.5-V or 3.0-V power supply. Arria V POR circuitry
monitors Vgegar. Arria V devices do not exit POR if Veepar Stays low.

(3) When power is applied to an Arria V device, a POR occurs if the power supply reaches the recommended operating range in the maximum
power supply ramp.
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Table 2—4 lists the transceiver power supply recommended operating conditions for

Arria V devices.

Table 2-4. Transceiver Power Supply Operating Gonditions for Arria V GX and GT Devices—Preliminary

Symbol Description Minimum Typical Maximum | Unit
V Transceiver high voltage power (left side
CCA 6XBL ver g g%ep (, _) 2.375 25 2.625 v
Vica exer Transceiver high voltage power (right side)
V Receiver power (left side
CoR_GXBL Iver power (jeft side) 107 11 113 v
VR 6xBR Receiver power (right side)
V Transmitter power (left side
GoT_6XEL tter power (left side) 1,07 11 113 v
Veer 6xsr Transmitter power (right side)
V Transmitter output buffer power (left side
COH_ GXBL : P P (, ,) 1.425 15 1575 v
VecH_axer Transmitter output buffer power (right side)
VoL 6xsL Clock network power (left side) 1.07 1.1 1.13 V
Vel 6xsR Clock network power (right side) 1.07 1.1 1.13 V

Table 2-5 lists the steady-state voltage and current values expected from Arria V
system-on-a-chip (SoC) FPGA with ARM®-based hard processor system (HPS). Power
supply ramps must all be strictly monotonic, without plateaus.

Table 2-5. HPS Power Supply Operating Conditions for Arria V SX and ST Devices—Preliminary

Symbol Description Minimum Typical Maximum | Unit

Ve Hps HPS Core voltage and periphery circuitry power supply 1.07 1.1 1.13 v
HPS 1/0 pre-driver (3.3 V) power supply 3.135 3.3 3.465 v
Vcpp_Hps HPS 1/0 pre-driver (3.0 V) power supply 2.85 3.0 3.15 v
HPS 1/0 pre-driver (2.5 V) power supply 2.375 2.5 2.625 v
HPS 1/0 buffers (3.3 V) power supply 3.135 3.3 3.465 v
HPS 1/0 buffers (3.0 V) power supply 2.85 3.0 3.15 V
Voo 1o HPS 1/0 buffers (2.5 V) power supply 2.375 2.5 2.625 v
- HPS 1/0 buffers (1.8 V) power supply 1.71 1.8 1.89 v
HPS 1/0 buffers (1.5 V) power supply 1.425 1.5 1.575 v
HPS 1/0 buffers (1.2 V) power supply 1.14 1.2 1.26 v
HPS reset and clock input pins (3.3 V) power supply 3.135 3.3 3.465 v
HPS reset and clock input pins (3.0 V) power supply 2.85 3.0 3.15 V

VeersToLK_HPS . :
HPS reset and clock input pins (2.5 V) power supply 2.375 2.5 2.625 V
HPS reset and clock input pins (1.8 V) power supply 1.71 1.8 1.89 v
VecpLL HPS HPS PLL analog voltage regulator power supply 2.375 2.5 2.625 v
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DC Characteristics

This section lists the supply current, I/O pin leakage current, input pin capacitance,
on-chip termination tolerance, and hot socketing specifications.

Supply Current

Standby current is the current drawn from the respective power rails used for power

budgeting. Use the Excel-based Early Power Estimator (EPE) to estimate supply

current for your design because these currents vary greatly with the resources you

use.

For more information about power estimation tools, refer to the PowerPlay Early Power

Estimator User Guide and the PowerPlay Power Analysis chapter in the Quartus II

Handbook.

1/0 Pin Leakage Current

Table 2-6 lists the Arria V 1/O pin leakage current specifications.

Table 2-6. 1/0 Pin Leakage Current for Arria V Devices—Preliminary

Symbol Description Conditions Min Typ Max Unit

|| Input pin V| =0Vto VCClOl\/lAX =30 — 30 UA

loz Tri-stated 1/0 pin Vg =0V 10 Vegiomax -30 — 30 LA

Bus Hold Specifications

Table 2-7 lists the Arria V device bus hold specifications.
Table 2-7. Bus Hold Parameters for Arria V Devices—Preliminary (') (Part 1 of 2)

Ve (V)
Parameter | Symhol | Conditions 1.2 1.5 1.8 2.5 3.0 3.3 Unit
Min | Max | Min Max | Min | Max | Min | Max | Min | Max | Min | Max

Bus-hold,

Viy>V
low, lsust Wl g | — 12| — 30| — |50 — |7 —]7 | —]|uA
sustaining (max.)
current
Bus-hold, Ve <V
i <
high, 1y IR g o | — | B0 — | B0 — | 70| — | 70| — | A
sustaining (min.)
current
Bus-hold,
|0W, 0V<V|N< _ . . _ _ J—
overdrive looL Vesio 125 175 200 300 500 500 | pA
current
Arria V Device Handbook February 2012 Altera Corporation
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Table 2-7. Bus Hold Parameters for Arria V Devices—Preliminary (') (Part 2 of 2)

Veeio (V)

Parameter | Symhol | Conditions 1.2 1.5 1.8 2.5 3.0 3.3 Unit

Min | Max | Min Max | Min | Max | Min | Max | Min | Max | Min | Max
Bus-hold,
high, 0V<Viy< | | . i | | | |
overdrive lopH Vegro 125 175 200 300 500 500 | pA
current
Bus-hold |, — | 03|09 |0375|1125| 068|107 | 07 | 17 | 08| 2 |08 | 2 | V
trip point TRIP : : : ' : ' : : ' '

Note to Table 2-7:

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

(OCT) 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 2-8 lists the
Arria V OCT termination calibration accuracy specifications.

Table 2-8. OCT Calibration Accuracy Specifications for Arria V Devices—Preliminary(" (Part 1 of 2)

Calibration Accuracy
Symbol Description Conditions (V) Unit
C4 C5, I5 C6
Internal series termination
25-0) R with calibration Veoio 2135'0’122'5’ 181 s 415 A5 | %
(25-Q2 setting) B
Internal series termination
50-Q Rg with calibration Vecio =135'0’122'5’ 18, +15 +15 +15 %
(50-Q setting) -
Internal series termination Ve =15.1.35
34-Q and 40-Q Ry with calibration CC';’ o5 10 +15 +15 +15 %
(34-Q and 40-Q setting) e
Internal series termination
48-Q, 60-Q, and with calibration _ o
80-Q Rs (48-C3, 60-0, and 80-0) Veoio =12 +15 £15 151 %
setting)
Internal parallel _
50-Q Ry termination with Vecio = 2i5é1'8’ 151 4010440 | ~10 to +40 | 10 to +40 | %
calibration (50-Q2 setting) '
Internal parallel
20-Q, 30-Q, termination with
40-Q,60-Q2, and calibration Vecio=1.5,1.35,1.25 | -10t0+40 | -10to +40 | -10to +40 | %
120-Q Ry (20-Q, 30-0, 40-Q,
60-Q, and 120-Q2 setting)
February 2012  Altera Corporation Arria V Device Handbook
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Table 2-8. OCT Calibration Accuracy Specifications for Arria V Devices—Preliminary (" (Part 2 of 2)

Calibration Accuracy

Symbol Description Conditions (V) Unit
ca C5, I5 c6
Internal parallel
60-0 and 120-Q Ry tc‘;?g'rgff(')?]” with Vego = 1.2 10 to +40 | ~10 to +40 | ~10 o +40 | %
(60-2 and 120-Q setting)
Internal left shift series
(25-Q Rs_ert_snirt Setting)

Note to Table 2-8:

(1) OCT calibration accuracy is valid at the time of calibration only.

Calibration accuracy for the calibrated on-chip series termination (Rg OCT) and

on-chip parallel termination (Ry OCT) are applicable at the moment of calibration.
When process, voltage, and temperature (PVT) conditions change after calibration,

the tolerance may change.

Table 2-9 lists the Arria V OCT without calibration resistance tolerance to PVT

changes.

Table 2-9. OCT Without Calibration Resistance Tolerance Specifications for Arria V Devices—Preliminary

Resistance Tolerance
Symbol Description Conditions (V) Unit
C4 C5,15 C6

Internal series termination

25-Q Rg without calibration Veeio=3.0and 2.5 +30 +40 +40 %
(25-Q2 setting)
Internal series termination

25-Q Rg without calibration Vecio=1.8and 1.5 +30 +40 +40 %
(25-Q setting)
Internal series termination

25-Q Rg without calibration Vecio=1.2 +35 +50 +50 %
(25-Q2 setting)
Internal series termination

50-Q Rg without calibration (50-Q Vecio=3.0and 2.5 +30 +40 +40 %
setting)
Internal series termination

50-Q Rg without calibration Veco=1.8and 1.5 +30 +40 +40 %
(50-€2 setting)
Internal series termination

50-Q Rg without calibration Vecio=1.2 £35 +50 +50 %
(50-Q2 setting)

) Internal differential _ 0
100-©2 Ry termination (100-Q setting) Veoio =25 +25 18D 18D o
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OCT calibration is automatically performed at power up for OCT-enabled I/Os.

Table 2-10 lists OCT variation with temperature and voltage after power-up

calibration. Use Table 2-10 to determine the OCT variation after power-up calibration
and Equation 2-1 to determine the OCT variation without recalibration.

Equation 2-1. OCT Variation Without Recalibration—Preliminary("): (2): (). (4) (3}, (6)

dR dR
Rocr = RSCAL<1 + (G x ADE (75 AV})

Notes to Equation 2-1:
(1) The Rogr value calculated from Equation 2—1 shows the range of OCT resistance with the variation of temperature

and Vegio-

(2) Rgcac is the OCT resistance value at power-up.

(3) AT is the variation of temperature with respect to the temperature at power up.
(4) AV is the variation of voltage with respect to the Vg o at power up.
%)
(6)

2
3

5
6

dR/dT is the percentage change of Rgga. with temperature.
dR/dV is the percentage change of Rgga. With voltage.

Table 2-10 lists the OCT variation after the power-up calibration.

Table 2-10. OCT Variation after Power-Up Calibration for Arria V Devices—Preliminary (7

Symbol Description Veero (V) Value Unit
3.0 0.0297
o . 2.5 0.0344
drR/dV %%Zli\{)argiig?]n of voltage without 18 0.0499 o%/mV
1.5 0.0744
1.2 0.1241
3.0 0.189
o _ 2.5 0.208
dR/dT %(é;iv;rgit(l)?]n of temperature without 18 0.266 0,/°C
1.5 0.273
1.2 0.317
Note to Table 2-10:
(1) Valid for a Vggio range of £5% and temperature range of 0° to 85°C.
Pin Capacitance
Table 2-11 lists the Arria V pin capacitance.
Table 2-11. Pin Capacitance for Arria V Devices
Symbol Description Value Unit
Ciots Input capacitance on top/bottom 1/0 pins 5.5 pF
Ciotr Input capacitance on left/right I/0 pins 55 pF
Coutrs Input capacitance on dual-purpose clock output/feedback pins 5.5 pF
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Hot Socketing

Table 2-12 lists the hot socketing specifications for Arria V devices.

Tahle 2-12. Hot Socketing Specifications for Arria V Devices—Preliminary

Symbol Description Maximum
liopin () DC current per 1/0 pin 300 pA
liopIN (AG) AC current per 1/0 pin 8mA (1
bt 0 Efr;] current per transceiver transmitter (TX) 100 mA
Ixevr-ax 00) DC current per transceiver receiver (RX) pin 50 mA

Note to Table 2-12:

(1) The 1/0 ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |l,opiy| = C dv/dt, in which C is the 1/0 pin
capacitance and dv/dt is the slew rate.

Internal Weak Pull-Up Resistor

Table 2-13 lists the weak pull-up resistor values for Arria V devices.

Table 2-13. Internal Weak Pull-Up Resistor Values for Arria V Devices—Preliminary (1 (2)

Symbol Description Conditions (V) ¥ | Value # | Unit
VCCIO =3.3+5% 25 kQ

VCCIO =3.05% 25 kQ

Veeio = 2.5 5% 25 kQ

Valug of the I/0 pin pull-up resistor pefore and during Voo = 1.8 5% o5 KQ

Rpy configuration, as well as user mode if you have enabled the S

programmable pull-up resistor option. Vecio =1.9£5% 25 kQ

VCCIO =1.35 5% 25 kQ

Veeio =1.25 5% 25 kQ

VCClO =1.2 +5% 25 kQ

Notes to Table 2-13:

(1) All'I/0 pins have an option to enable weak pull-up except the configuration, test, and JTAG pins.

(2) The internal weak pull-down feature is only available for the JTAG Tck pin. The typical value for this internal weak pull-down resistor is
approximately 25 kQQ.

(3) Pin pull-up resistance values may be lower if an external source drives the pin higher than V¢go.
(4) Valid with +10% tolerances to cover changes over PVT.
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I/0 Standard Specifications

Table 2-14 through Table 2-19 list the input voltage (Vi and Vy), output voltage
(Vou and V), and current drive characteristics (Iog and ;) for various I/O
standards supported by Arria V devices. The I/O standards tables also list the Arria V
device family I/O standard specifications. The Vg and Vg values are valid at the
corresponding Ioy and Iy, respectively.

For an explanation of terms used in Table 2-14 through Table 2-19, refer to “Glossary”

on page 2-48.
Table 2-14. Single-Ended 1/0 Standards for Arria V Devices—Preliminary
Veeo (V) Vi (V) Vin (V) Vo (V) Vou (V) I I
1/0 Standard “‘L\ "R
Min | Typ | Max | Min Max Min Max Max Min (mA) | (mA)
3.3-VLVTTL | 3.135 | 3.3 | 3.465 | 0.3 0.8 17 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 Veeio—0.2 2 -2
3.0-V LVTTL 2.85 3 3.15 | -0.3 0.8 1.7 3.6 04 24 2 -2
3.0-V
LVCMOS 2.85 3 3.15 | -0.3 0.8 1.7 3.6 0.2 Veeio—0.2 0.1 | -01
3.0-V PCI 2.85 3 3.15 — 0.3x VCClO 0.5x VCClO V%;lg * 0.1x VCClO 0.9x VCClO 15 -0.5
3.0-V PCI-X 2.85 3 3.15 - 0.35x VCCIO 0.5x VCCIO V((;)Clg ¥ 0.1x VCCIO 0.9x VCCIO 15 05
2.5V 2375 | 25 | 2625 | -0.3 0.7 1.7 3.6 04 2 1 -1
1.8V 171 | 18 | 189 | <03 | 035xVgge | 080X | Voot | 045 | vge-045| 2 | -2
Veeno 0.3
15V 1425 | 15 | 1575 | =0.3 | 0.35x Vg %SSOX Vcocg *10.25x Vego | 075X Vego | 2 -2
1.2V 114 | 12 | 126 | =03 | 035xVggg vaf.ox VCOC.'g * 1025 X Vego | 075%Vego | 2 | -2
Table 2-15. Single-Ended SSTL and HSTL 1/0 Reference Voltage Specifications for Arria V Devices—Preliminary (Part 1
of 2)
Vecio(V) Vger(V) Vrr(V)
1/0 Standard
Min Typ Max Min Typ Max Min Typ Max
SSTL-2
Class I, Il 2.375 2.5 2.625 0.49 x VCClO 0.5x VCClO 0.51x VCClO Ve — 0.04 Veer Vegr + 0.04
SSTL-18
Class I, Il 1.71 1.8 1.89 0.833 0.9 0.969 Ve — 0.04 VRer Vger +0.04
SSTL-15
Class |, Il 1.425 15 1.575 0.49 x Vg | 0.5 x Vggio | 0.51 xVegio | 0.49 X Veeio 0.5 x Vggio | 0.51 x Vg0
glsaTSI; ':33 1.283 1.35 1.418 0.49 x VCClO 0.5x VCClO 0.51x VCClO 0.49 x VCClO 0.5x VCClO 0.51 x VCClO
gls;:; }zﬁ 119 | 125 | 126 | 049%Vggp | 0.5 X Vego | 0.51 X Vego | 0.49X Vego | 0.5 % Vegro | 059 X Vegio
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Table 2-15. Single-Ended SSTL and HSTL 1/0 Reference Voltage Specifications for Arria V Devices—Preliminary (Part 2

of 2)
Vecio(V) Vier(V) Vri(V)
1/0 Standard
Min Typ Max Min Typ Max Min Typ Max
HSTL-18
Class |, Il 1.71 1.8 1.89 0.85 0.9 0.95 — Veciof2 —
HSTL-15
Class I, Il 1.425 1.5 1.575 0.68 0.75 0.9 — Vecio/2 —
HSTL-12
Class |, I 1.14 1.2 1.26 0.47 x VCClO 0.5x VCClO 0.53 x VCClO — VCC|0/2 —
HSUL-12 1.14 1.2 1.3 0.49 XVCCIO 0.5 XVCCIO 0.51 XVCCIO — — —
Table 2-16. Single-Ended SSTL and HSTL I/0 Standards Signal Specifications for Arria V Devices—Preliminary (Part 1
of 2)
Vi (V) Vinpe) (V) Vitiag) (V) | Vineagy (V) Vou (V) Vou (V)
I/0 Standard loi (mA) | Iy (mA)
Min Max Min Max Max Min Max Min
SSTL-2 | VRer Veer + | Veeio + VRer — _ .
Class | 0.3 ~0.15 045 03 0.31 VRer + 0.31 | V;7—0.608 | V17 + 0.608 8.1 8.1
SSTL-2 _ Vrer Veee+ | Voo + | Vrer— _ _
Class Il 0.3 015 015 03 0.31 VRer +0.31 | V7 —0.81 Vqr +0.81 16.2 16.2
SSTL-18 _ VRer Veer+ | Veoio + VRer — _ .
Class | 0.3 0425 | 0125 03 0.25 VRer + 0.25 | Vi7—0.603 | V17 +0.603 6.7 6.7
SSTL-18 _ Vier Veer + | Vecio + VRer — _ _
Class I 03 | o425 | 0125 | 03 | o025 | Veer*025 ) 028 | Veoo-028) 134 | 134
SSTL-15 _ Veer— | VRer + _ VRer - VRer + _
Class | 01 | 01 0175 | o075 | 92X Veoo | 08xVoao | 8 8
SSTL-15 _ Veer— | Veer + _ VRer - Vier + _
Class Il 01 | 01 0175 | 0175 | 92XVeoo | 08xVego | 16 16
_ VeRer— | VRer + _ VRer - ) ) (1) (1)
SSTL 135 0.09 0.09 016 VRer + 0.16 TBD TBD TBD TBD
SSTL 125 | Ve | Vet | ) Ves= [yooL045| TBD(™ | TBD™ | TBD( | TBD(™
0.85 0.85 0.15 REF ™ ™
HSTL-18 - VREF VREF + _ VREF - _ _
Class | 01 | 01 02 | Veert02 04 | Vooo =041 8 8
HSTL'18 _ VREF - VREF + _ VREF - _ _
Class Il 01 | 01 02 | Veer+02) 04} Voao-04 | 16 16
HSTL-15 - VREF - VREF + _ VREF - _ _
Class | 01 | 01 02 | Veert02 04 | Vouo =04 | 8 8
HSTL'15 _ VREF - VREF + _ VREF - _ _
Class Il 01 | 01 02 | Veer+02 04 Veoo =04 | 16 16
HSTL-12 _ Veer = | Veer + | Voot | Vrer— _
Class | 0151 008 | 008 | 015 | 045 | VRer*015 1 025xVoao | 0.75x Voo | 8 8
HSTL-12 _ Veer = | Veer + | Vecio + VRer - _
Class Il 0.15 0.08 0.08 0.15 015 VREF+ 0.15 | 0.25 XVCClO 0.75 XVCClO 16 16
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Table 2-16. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications for Arria V Devices—Preliminary (Part 2

of 2)
Vigog) (V) Vinoe (V) Vitag) (V) | Vinagy (V) Vo (V) Vou (V)
I/0 Standard Iy (mA) | 1y, (MA)
Min Max Min Max Max Min Max Min
Veer = | Vpere + Vrer —
HSUL-12 — g_E1F3 85;3 — ()Rgz Vegr+0.22 | 0.1xVego | 0.9xVggo | TBD (W | TBD (7
Note to Table 2-16:
(1) Pending silicon characterization.
Table 2-17. Differential SSTL 1/0 Standards for Arria V Devices— Preliminary
1/0 Vegio (V) szms(nc) V) VX(Ac) V) szmn(Ac) V) Vuxu\c) V)
Standard | iy | Typ | Max | Min | Max | Min | Typ | Max | Min | Max | Min | Typ | Max
SSTL-2 Vecio+ | Vecio/2 . Vecio/2 Veeio | Vecio/2— . Veoio/2 +
Class I, il | 2370 | 25 | 2625 ) 03\ "ge | oy +02 | 621 06| 015 0.15
SSTL-18 Veeio+ | Veeo2 | | Veeo/2 Veeio | Veeo2— | | Veoio/2+
Class I, i | 71| 18 | 189 10251 "5 1 9475 +0175 | %% | 406 | 0125 0.125
SSTL-15
Class I, Il 1425 | 15 |1575| 02 | 0.2 | -0.15 — 015 [-0.35| 0.35 — Veeio/2 —
_ Vrer Veee+ | TBD | TBD VRer _ VRer
SSTL135 | 1283 | 1.35 | 145 | 02 | 02 | _ W0 \Veao2| %5 | ') | ) | _g5s s
SSTL125 | 119 | 125 | 131 | "0 | — | T8D O |Vggor2| o0 | 20| — | 18D v | TED | g0
Note to Table 2-17:
(1) Pending silicon characterization.
Table 2-18. Differential HSTL I/0 Standards for Arria V Devices—Preliminary
I/0 Vegio (V) anF(nc) (V) VX(Ac) V) VcM(nc) V) anF(Ac) V)
Standard | Mip | Typ | Max | Min | Max |  Min Ty | Max | Min | Typ | Max | Min | Max
HSTL-18 1 429 | 48 | 189 | 02 | — | o078 | — | 142 o078 | — | 142 | 04 | —
Class I, 1l
HSTL-15
Class I, II 1425 | 15 | 1575 | 0.2 — 0.68 — 0.9 0.68 — 0.9 0.4 —
HSTL-12 Veeio . 0.5 x . 04xV|05xV | 0.6x Veeo
Class |, Il 114 12 1.26 0.16 +0.3 VCCIO colo celo VCCIO 0.3 +0.48
0.5x
HSUL-12 | 114 | 12 | 13 [026 | 026 | 09X Voo | 05x 1y 0 1 04XV 05XV 06X | 40 | g4y
-0.12 Voo | 4012 cclo ccio | Vecwo
Table 2-19. Differential I/0 Standard Specifications for Arria V Devices—Preliminary (') (Part 1 of 2)
Veeno (V) Vip (mV) Viempe) (V) Voo (V) @ Voem (V) @
1/0 Standard
Min | Typ | Max | Min | Condition | Max | Min | Max | Min | Typ | Max | Min | Typ | Max
PCML 3)
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Table 2-19. Differential I/0 Standard Specifications for Arria V Devices—Preliminary (') (Part 2 of 2)

Veeio (V) Vip (mV) Viempg) (V) Voo (V) @ Voem (V) @
1/0 Standard
Min | Typ | Max | Min | Condition | Max | Min | Max | Min | Typ |Max | Min | Typ | Max
Vow = — | 005| 1.8 |0247| — | 06 | 1.125| 1.25 | 1.375
25VLVDS |2375| 25| 2625 | 100
125V | — [1.05| 155 [ 0247 | — | 0.6 | 1.125| 1.25 | 1.375
RSDS (HIO) | 2.375| 2.5 | 2.625 | 100 1\/%; — | 03] 14 01 |02]|06 | 05 1.2 14
:V:I'I'H;L"Ds 2375| 25 | 2625 | 200 | — | 600 | 04 |1325| 025 | — |06 | 1 | 12 | 14
LVPECL 2.375| 25| 2.625 | 300 — — | 06| 1.8 — | = =] — — —

Notes to Table 2-19:
(1) The 1.4-V and 1.5-V PCML transceiver I/0 standard specifications are described in “Transceiver Performance Specifications” on page 2-15.
(2) RLrange:90<RL<110Q

(3) Transmitter, receiver, and input reference clock pins of high-speed transceivers use the PCML 1/0 standard. For transmitter, receiver, and
reference clock I/0 pin specifications, refer to Table 2—-20 and Table 2-21.

Power Consumption

Altera offers two ways to estimate power consumption for a design—the Excel-based
Early Power Estimator (EPE) and the Quartus® Il PowerPlay Power Analyzer feature.

You typically use the interactive Excel-based EPE before designing the FPGA to get a
magnitude estimate of the device power. The Quartus Il PowerPlay Power Analyzer
provides better quality estimates based on the specifics of the design after you
complete place-and-route. The PowerPlay Power Analyzer can apply a combination
of user-entered, simulation-derived, and estimated signal activities that, when
combined with detailed circuit models, yields very accurate power estimates.

For more information about power estimation tools, refer to the PowerPlay Early Power
Estimator User Guide and the PowerPlay Power Analysis chapter in the Quartus 11
Handbook.

Switching Characteristics

Arria V Device Handbook
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This section provides performance characteristics of Arria V core and periphery
blocks for commercial grade devices.

These characteristics can be designated as Preliminary or Final.

m Preliminary characteristics are created using simulation results, process data, and
other known parameters. The title of these tables show the designation as
“Preliminary.”

m Final numbers are based on actual silicon characterization and testing. The
numbers reflect the actual performance of the device under worst-case silicon
process, voltage, and junction temperature conditions. There are no preliminary
designations on finalized tables.
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Transceiver Performance Specifications
This section describes transceiver performance specifications.
Table 2-20 and Table 2-21 list the Arria V transceiver specifications.
Table 2-20. Transceiver Specifications for Arria V GX Devices—Preliminary () (Part 1 of 3)
-4 -5 -6
Symbol/ Commercial Commercial/Industrial Commercial Speed
Description Conditions Speed Grade Speed Grade Grade Unit
Min Typ Max Min Typ Max Min Typ Max
Reference Clock
gfapnpd‘;fgg Vo 1.2V PCML, 1.4V PCML, 1.5V PCML, 2.5 V PCML, Differential LVPECL (2, HCSL, and LVDS
Input frequency from — o7 | — | 70 | 27 | — | 710 | 27 | — | 710 | MHz
REFCLK input pins
Duty cycle — 45 — 55 45 — 55 45 — 55 %
Peak-to-peak . . . .
differential input voltage 200 2000 200 2000 200 2000 mV
Spread-spectrum ®
modulating clock PCIExpress® 1 g9 | _ | 33 | 30 | — | 3 |30 | — | 33 | ki
f (PCle®)
requency
Spread-spectrum 0to 0to 0to
PCle — — — — — — —
downspread -0.5% -0.5% -0.5%
On-.ch|p termination . . 100 . _ 100 . . 100 _ )
resistors
Viem (AC coupled) — 11 6 1.16) 11 6
HCSL 1/0
standard for the
Viewm (DC coupled) PCle reference 250 — 550 250 — 550 250 — 550 mV
clock
R . __ | 2000 . __ | 2000 . __ | 2000 . o
REF 1% 1% 1%
Transceiver Clocks
fixedclk clock PCle . 195 . L 125 L — | 195 o MHz
frequency Receiver Detect
Avalon®-Memory-
Mapped (Avalon-MM)
PHY management clock <150 MHz
frequency
February 2012  Altera Corporation Arria V Device Handbook
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Table 2-20. Transceiver Specifications for Arria V GX Devices—Preliminary (') (Part 2 of 3)

Symbol/
Description

Conditions

-4
Commercial
Speed Grade

-5
Commercial/Industrial
Speed Grade

-6
Commercial Speed
Grade

Typ Max

Min Typ Max

Min Typ Max

Unit

Receiver

Supported 1/0
Standards

1.5V PCML, 2.5 V PCML, LVPECL, and LVDS

Data rate

— 6553

611 — 6553

611 — 3125

Mbps

Absolute Vyax for a
receiver pin (4

— 1.2

— — 1.2

Absolute Vy,y for a
receiver pin

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

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

Minimum differential
eye opening at the
receiver serial input
pins (9

85

85 — —

85 — —

Differential on-chip
termination resistors

85-Q) setting

85 —

100-Q setting

100 —

— 100 —

— 100 —

120-Q setting

120 —

— 120 —

— 120 —

150-Q) setting

150 —

— 150 —

— 150 —

OO0 D

Differential and
common mode return
loss

PCle (Gen1 and
Gen2), GIGE,
XAUI, SDI,
CPRI, OBSAI

Compliant

Programmable ppm
detector (6

+62.5, 100, 125, 200, 250, 300, 500, and 1000

ppm

Run Length

— 200

200

— — 200

ul

Programmable
equalization

— 4

— | - 4

aB

Programmable DC gain

DC Gain Setting
=0

aB

DC Gain Setting
=1

aB

Arria V Device Handbook
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Table 2-20. Transceiver Specifications for Arria V GX Devices—Preliminary (') (Part 3 of 3)
-4 -5 -6
Symbol/ Commercial Commercial/Industrial Commercial Speed
Description Conditions Speed Grade Speed Grade Grade Unit
Min Typ Max Min Typ Max Min Typ Max
Transmitter
Supported 1/0
Standards 1.5V PCML
Data rate — 611 — 6553 611 — 6553 611 — 3125
Mbps
Vocm — — 650 — — 650 — — 650 — mV
85-Q setting — 85 — — 85 — — 85 — Q
Differential on-chip 100-Q setting —_— 100 — —_— 100 — - 100 —_— Q
termination resistors 120-Qsetting | — | 120 — — | 120 — — | 120 — 0}
150-Q2 setting — 150 — — 150 — — 150 — Q
Rise time () — 30 — 160 30 — 160 30 — 160 ps
Fall time (7 — 30 — 160 30 — 160 30 — 160 ps
CMU PLL
Supported data range | — 611 | — | 6553 | 611 | — | 6563 | 611 | — | 3125 | Mbps
Transceiver-FPGA Fabric Interface
Interface speed — o5 | — |18750 | 25 | — |16384 | 25 | — | 15625 | MHz
(single-width mode)
Interface speed - . _ _
(double-width mod) 25 163.84 25 163.84 | 25 156.25 | MHz

Notes to Table 2-20:

(1) Speed grades shown in Table 2-20 refer to the Transceiver Speed Grade in the device ordering code. For more information about device ordering codes, refer

to the Overview for Arria VV Device Family chapter.

Differential LVPECL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.
The reference clock common mode voltage is equal to the Vger axs power supply level.
The device cannot tolerate prolonged operation at this absolute maximum.
The differential eye opening specification at the receiver input pins assumes that you have disabled the Receiver Equalization feature. If you enable the

2
3
4

(
(
(
(5

)
)
)
)

Receiver Equalization feature, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.
(6) The rate match FIFO supports only up to +300 parts per million (ppm).
(7) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.

February 2012  Altera Corporation
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Table 2-21. Transceiver Specifications for Arria V GT Devices—Preliminary () (Part 1 of 2)

-5
Industrial
Symbol/ . .
Description Conditions Speed Grade Unit
Min Typ Max

Reference Clock

1.2V PCML, 1.4V PCML, 1.5V PCML, 2.5 V PCML, Differential LVPECL (2),

Supported 1/0 Standards HCSL, and LVDS

Input frequency from REFCLK input pins — 27 — 710 MHz
Duty cycle — 45 — 55 %
Peak-to-peak differential input voltage — 200 — 2000 mV
?rgaeuaedr;syectrum modulating clock PCI Express® (PCle®) 30 o 33 KHz
Oto
Spread-spectrum downspread PCle — — —
—0.5%
On-chip termination resistors — — 100 — Q
Vicw (AC coupled) — 11 6 v
Ve 0 coupe oG mon| B | — | s |
Rrer — — 2000 +1% — Q
Transceiver Clocks
fixedclk clock frequency .PCIe — 125 — MHz
Receiver Detect
ﬁ\ézlggr;xl/M PHY management clock <150 MHz
Receiver
Supported 1/0 Standards 1.5V PCML, 2.5 V PCML, LVPECL, and LVDS
Data rate (6-Gbps Transceiver) — 611 — 6375 Mbps
Data rate (10-Gbps transceiver) — 6.376 9.8304 10.3125 Gbps
Absolute Vyay for a receiver pin (4 — — — 1.2 v
Absolute Vy,y for a receiver pin — 0.4 — — v
Maximum peak-to-peak differential input
voltage V,p (diff p-p) before device — — — 1.6 v

configuration

Maximum peak-to-peak differential input
voltage V\p (diff p-p) after device — — — 2.2 \Y
configuration

Minimum differential eye opening at the

receiver serial input pins (%) o 85 - - my
85-Q) setting 85 Q
) ) ) o ) 100-Q setting 100 Q
Differential on-chip termination resistors -
120-Q setting 120 Q
150-Q2 setting 150 Q
Arria V Device Handbook February 2012 Altera Corporation
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Table 2-21. Transceiver Specifications for Arria V GT Devices—Preliminary () (Part 2 of 2)
-5
Industrial
Symbol/ . .
Description Conditions Speed Grade Unit
Min Typ Max
PCle (Gen1 and Gen2),
Differential and common mode return loss | GIGE, XAUI, SDI, CPRI, Compliant —
OBSAI, SFI
6 L +62.5, 100, 125, 200, 250, 300, 500,
Programmable ppm detector and 1000 ppm
Run Length — — — 200 ul
Programmable equalization — — — 4 dB
. DC Gain Setting =0 — — dB
Programmable DC gain - -
DC Gain Setting = 1 — — dB
Transmitter
Supported 1/0 Standards 1.5V PCML
Data rate (6-Gbps transceiver) — 611 — 6375 Mbps
Data rate (10-Gbps transceiver) — 6.376 9.8304 10.3125 Gbps
Voow — — 650 — mv
85-Q) setting — 85 — Q
) ) ) o ) 100-Q2 setting — 100 — Q
Differential on-chip termination resistors -
120-Q setting — 120 — Q
150-Q setting — 150 — Q
Rise time () — 30 — 160 psS
Fall time (7 — 30 — 160 ps
CMU PLL
Supported data range — ‘ 0.611 ‘ — 10.3125 Gbps
Transceiver-FPGA Fabric Interface
Interface speed (80-bit mode) — 25 — 1569.375 MHz
Interface speed _ _
(single-width mode) 25 156.25 MHz
Interface speed (double-width mode) — 25 — 159.375 MHz

Notes to Table 2-21:

(1) Speed grades shown in Table 2-21 refer to the Transceiver Speed Grade in the device ordering code. For more information about device
ordering codes, refer to the Overview for Arria VV Device Family chapter.

2
3
4

(
(
(
(5

)
)
)
)

Differential LVPECL signal levels must comply to the minimum and maximum peak-to-peak differential input voltage specified in this table.
The reference clock common mode voltage is equal to the Vgeg_gxs power supply level.
The device cannot tolerate prolonged operation at this absolute maximum.
The differential eye opening specification at the receiver input pins assumes that you have disabled the Receiver Equalization feature. If you

enable the Receiver Equalization feature, the receiver circuitry can tolerate a lower minimum eye opening, depending on the equalization level.
(6) The rate match FIFO supports only up to £300 ppm.

(7) The Quartus Il software automatically selects the appropriate slew rate depending on the configured data rate or functional mode.

February 2012  Altera Corporation
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Table 2-22 and Table 2-23 list the transceiver block jitter specification for Arria V

devices.

Tahle 2-22. Transceiver Block Jitter Specification for Arria V GX Devices—Preliminary (Part 1 of 4)

-5
-4 . -6
. Commercial/ h
Commercial Speed . Commercial Speed
Symbol/ - Industrial Speed ;
Description Conditions Grade Grade Grade Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
CPRI Transmit Jitter Generation (7
E.6.HV, E.12.HV
— — 0279 | — — 0279 | — — 10279 | Ul
Pattern = CJPAT
Total Jitter E.6.LV, E.12.LV, E.24.LV,
E.30.LV — — 0.35 — — 035 | — — | 0.35 ul
Pattern = CJTPAT
E.6.HV, E.12.HV
— — 0.14 — — 014 | — — | 014 ul
L Pattern = CJPAT
Deterministic
Jitter E.6.LV, E.12.LV, E.24.LV,
E.30.LV — — 017 — — 017 | — — | 017 ul
Pattern = CJTPAT
CPRI Receiver Jitter Tolerance (7
ii E.6.HV, E.12.HV
Total jitter > 0.66 > 0.66 > 0.66 ul
tolerance Pattern = CJPAT
inisti E.6.HV, E.12.HV
Deterministic >0.4 >04 >04 ul
jitter tolerance | pattern = CJPAT
Tokal i E.6.LV, E.12.LV, E.24.LV,
otal jitter E.30.LV > 0.65 >0.65 >0.65 ul
tolerance
Pattern = CJTPAT
D o E.6.LV, E.12.LV, E.24.LV,
Deterministic | £ 301y >0.37 >0.37 >0.37 ul
jitter tolerance
Pattern = CJTPAT
gotmb”_‘e?’ " E.6.LV, E12.LV, E.24.LV,
eterministic | £ 30y > 055 >0.55 >0.55 Ul
and random
jitter tolerance | Pattern = GJTPAT
OBSAI Transmit Jitter Generation 2
Total jitter at c
768 Mbps REFCLK = 153.6 MHz
’ — — 0.35 — — 035 | — — | 0.35 ul
1536 Mbps, and | pattern = CJPAT
3072 Mbps
Deterministic
jitter at REFCLK = 153.6 MHz
768 Mbps, — — 0.17 — — 017 | — — | 017 ul
1536 Mbps,and Pattern = CJPAT
3072 Mbps
Arria V Device Handbook February 2012 Altera Corporation
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Table 2-22. Transceiver Block Jitter Specification for Arria V GX Devices—Preliminary (Part 2 of 4)

-5
-4 . -6
. Commercial/ .
Commercial Speed . Commercial Speed
Dessvgil:)::{m Conditions Grade I"d"sgr':;: heed Grade Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
OBSAI Receiver Jitter Tolerance 2/
Deterministic
jitter tolerance
at 768 Mbps, Pattern = CJPAT >0.37 >0.37 >0.37 ul
1536 Mbps, and
3072 Mbps
Combined
deterministic
and random
jitter tolerance | Pattern = CJPAT >0.55 >0.55 >0.55 ul
at 768 Mbps,
1536 Mbps, and
3072 Mbps
Jitter Frequency =
5.4 KHz >8.5 >8.5 >8.5 ul
Sinusoidal Jitter Pattern = CJPAT
tolerance at -
768 Mbps Jitter Frequency =
460 MHz to 20 MHz > 0.1 > 0.1 >0.1 ul
Pattern = CJPAT
Jitter Frequency =
' ' . 10.9 KHz >85 >85 >8.5 ul
Sinusoidal Jitter | pattern = GJPAT
tolerance at -
1536 Mbps Jitter Frequency =
921.6 MHz to 20 MHz >0.1 >0.1 >0.1 ul
Pattern = CJPAT
Jitter Frequency =
. . . 21.8 KHz >8.5 >8.5 >8.5 ul
Sinusoidal Jitter | pattern = CJPAT
tolerance at -
3072 Mbps Jitter Frequency =
1843.2 MHz to 20 MHz >0.1 >0.1 >0.1 ul
Pattern = CJPAT
February 2012  Altera Corporation Arria V Device Handbook
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Table 2-22. Transceiver Block Jitter Specification for Arria V GX Devices—Preliminary (Part 3 of 4)

-5
-4 . -6
. Commercial/ .
Commercial Speed . Commercial Speed
Symbol/ - Industrial Speed ;
Description Conditions Grade Grade Grade Unit
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Serial RapidI0® (SRI0) Transmit Jitter Generation ¥
Deterministic | Data Rate = 1.25, 2.5,
jitter 3.125 Gbps — | —]017| — | — |017 | — | — | 047 | UI
(peak-to-peak) | Pattern = CJPAT
Total itt Data Rate = 1.25, 2.5,
ota’ Jrer 3.125 Gbps — | — Jo3s| — | — 03| — | — |03 | ul
(peak-to-peak)
Pattern = CJPAT
SRIO Receiver Jitter Tolerance ()
Deterministic | Data Rate = 1.25, 2.5,
jitter tolerance | 3.125 Gbps >0.37 >0.37 >0.37 ul
(peak-to-peak) | Pattern = CJPAT
Combined
deterministic | Data Rate = 1.25, 2.5,
and random 3.125 Gbps > 0.55 > 0.55 >0.55 ul
jitter tolerance | Pattern = CJPAT
(peak-to-peak)
Jitter Frequency =
22.1 KHz Data Rate =
1.25, 2.5, 3.125 Gbps >8.5 >8.5 >8.5 Ul
Pattern = CJPAT
Jitter Frequency =
1.875 MHz
Sinusoidal jitter | pata Rate = 1.25, 2.5, >0.1 > 0.1 >0.1 ul
tolerance 3.125 Gbps
(peak-to-peak)
Pattern = CJPAT
Jitter Frequency =
20 MHz
Data Rate = 1.25, 2.5, >0.1 >0.1 >0.1 ul
3.125 Gbps
Pattern = CJPAT
GIGE Transmit Jitter Generation
Deterministic
jitter Pattern = CRPAT — — | 014 | — — [ 014 | — — | 0.14 Ul
(peak-to-peak)
Total jitter _ . _ . . |
(peak-to-peak) Pattern = CRPAT 0.279 0.279 0.279 | Ul

Arria V Device Handbook
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Table 2-22. Transceiver Block Jitter Specification for Arria V GX Devices—Preliminary (Part 4 of 4)

Symbol/
Description

Conditions

-4
Commercial Speed
Grade

-5
Commercial/
Industrial Speed
Grade

-6
Commercial Speed
Grade

Min | Typ | Max

Min | Typ | Max

Min | Typ | Max

Unit

GIGE Receiver Jitter Tolerance 4

Deterministic
jitter tolerance
(peak-to-peak)

Pattern = CJPAT

>0.4

>0.4

>04

Combined
deterministic
and random
jitter tolerance
(peak-to-peak)

Pattern = CJPAT

> 0.66

> 0.66

> 0.66

ul

HiGig Transmit Jitter Generation %/

Deterministic
jitter
(peak-to-peak)

Data Rate = 3.75 Gbps
Pattern = CJPAT

— — | 017

ul

Total jitter
(peak-to-peak)

Data Rate = 3.75 Gbps
Pattern = CJPAT

— — | 035

ul

Notes to Table 2-22:

February 2012  Altera Corporation

1) The jitter numbers for CPRI are compliant to the CPRI Specification V3.0.
The jitter numbers for OBSAI are compliant to the OBSAI RP3 Specification V4.1.
The jitter numbers for SRIO are compliant to the RapidlO Specification 1.3.

The jitter numbers for GIGE are compliant to the IEEE802.3-2002 Specification.
The jitter numbers for HiGig are compliant to the IEEE802.3ae-2002 Specification.
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Table 2-23. Transceiver Block Jitter Specification for Arria V GT Devices—Preliminary (Part 1 of 3)

-5
Symbol/ e Industrial Speed Grade :
Description Conditions Unit
Min Typ Max
SFI Transmit Jitter Generation ()
Deterministic Jitter Data Rate = 9.8304, 10.3125 Gbps — — 0.1 ul
Total Jitter Pattern = PRBS31 — — 0.28 ul
SFI Receive Jitter Tolerance (7
99% Jitter Tolerance Data Rate = 9.8304, 10.3125 Gbps >0.42 ul
Total Jitter Pattern = PRBS31 >0.70 ul
CPRI Transmit Jitter Generation 2
E.6.HV, E.12.HV
— — 0.279 —
) Pattern = CJPAT
Total Jitter
E.6.LV,E.12.LV, E.24.LV, E.30.LV 0.35
Pattern = CJTPAT '
E.6.HV, E.12.HV
— — 0.14 —
o Pattern = CJPAT
Deterministic Jitter
E.6.LV,E.12.LV, E.24.LV, E.30.LV 047
Pattern = CJTPAT '
CPRI Receive Jitter Generation 2/
. E.6.HV, E.12.HV
Total jitter tolerance > 0.66 > 0.66
Pattern = CJPAT
inistic ii E.6.HV, E.12.HV
Deterministic jitter 5 0.4 5 0.4
tolerance Pattern = CJPAT
. E.6.LV,E.12.LV, E.24.LV, E.30.LV
Total jitter tolerance >0.65 >0.65
Pattern = CJTPAT
inistic ii E.6.LV,E.12.LV, E.24.LV, E.30.LV
Deterministic jitter 5037 5037
tolerance Pattern = CJTPAT
Combined deterministic E.6.LV,E12.LV, E.24.LV, E.30.LV
" >0.55 >0.55
and random jitter tolerance | Pattern = CJTPAT
0BSAI Transmit Jitter Generation
Total jitter at 768 Mbps, REFCLK = 153.6MHz
1536 Mbps, and — — 0.35 —
3072 MbpS Pattern = CJPAT
Deterministic jitter at REFCLK = 153.6MHz
768 Mbps, 1536 Mbps, — — 0.17 —
and 3072 Mbps Pattern = CJPAT
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Table 2-23. Transceiver Block Jitter Specification for Arria V GT Devices—Preliminary (Part 2 of 3)

-5
Symbol/ e Industrial Speed Grade :
Description Conditions Unit
Min Typ Max
0BSAI Receiver Jitter Tolerance
Deterministic jitter
tolerance at 768 Mbps, _
1536 Mbps, and Pattern = CJPAT >0.37 >0.37
3072 Mbps
Combined deterministic
and random jitter tolerance B
at 768 Mbps, 1536 Mbps, Pattern = CJPAT >0.55 >0.55
and 3072 Mbps
Jitter Frequency = 5.4 KHz
>85 >85
Sinusoidal Jitter tolerance | Pattern = GJPAT
at 768 Mbps Jitter Frequency = 460 MHz to 20 MHz
>0.1 >0.1
Pattern = CJPAT
Jitter Frequency = 10.9 KHz
>8.5 >8.5
Sinusoidal Jitter tolerance | Pattern = CJPAT
at 1536 Mbps Jitter Frequency = 921.6 MHz to 20 MHz
> 0.1 > 0.1
Pattern = CJPAT
Jitter Frequency = 21.8 KHz
>85 >8.5
) ) ) Pattern = CJPAT
Sinusoidal Jitter tolerance -
at 3072 Mbps Jitter Frequency = 1843.2 MHz to
20 MHz >0.1 >0.1
Pattern = CJPAT
SRIO Transmit Jitter Generation #
Deterministic jitter Data Rate = 1.25, 2.5, 3.125 Gbps
— — 0.17 ul
(peak-to-peak) Pattern = CJPAT
. Data Rate = 1.25, 2.5, 3.125 Gbps
Total jitter (peak-to-peak) — — 0.35 ul
Pattern = CJPAT
February 2012  Altera Corporation Arria V Device Handbook
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Table 2-23. Transceiver Block Jitter Specification for Arria V GT Devices—Preliminary (Part 3 of 3)

-5
Symbol/ e Industrial Speed Grade :
Description Conditions Unit
Min Typ Max
SRIO Receiver Jitter Tolerance (¥
Deterministic jitter Data Rate = 1.25, 2.5, 3.125 Gbps 037 Ul
tolerance (peak-to-peak) Pattern = CJPAT s
Combined deterministic | pata Rate = 1.25, 2.5, 3.125 Gbps
and random jitter tolerance T >0.55 ul
(peak-to-peak) Pattern = CJPAT
Jitter Frequency = 22.1 KHz Data Rate =
1.25, 2.5, 3.125 Gbps >85 ul
Pattern = CJPAT
Jitter Frequency = 1.875 MHz
Sinusoidal jitter tolerance | pata Rate = 1.25, 2.5, 3.125 Gbps >0.1 ul
(peak-to-peak)
Pattern = CJPAT
Jitter Frequency = 20 MHz
Data Rate = 1.25, 2.5, 3.125 Gbps >0.1 ul
Pattern = CJPAT
GIGE Transmit Jitter Generation (°/
Deterministic jitter Pattern = CRPAT . . 0.14 Ul
(peak-to-peak)
Total jitter (peak-to-peak) Pattern = CRPAT — — 0.279 ul
GIGE Receiver Jitter Tolerance (%
Deterministic jitter Pattern = CJPAT >0.4 ul
tolerance (peak-to-peak)
Combined deterministic
and random jitter tolerance | Pattern = CJPAT > 0.66 ul
(peak-to-peak)
HiGig Transmit Jitter Generation (@
Deterministic jitter Data Rate = 3.75 Gbps
— — 0.17 ul
(peak-to-peak) Pattern = CJPAT
. Data Rate = 3.75 Gbps
Total jitter (peak-to-peak) — — 0.35 ul
Pattern = CJPAT

Notes to Table 2-23:

2

wW

5

(
(
(
(
(
(6

Arria V Device Handbook

1) The jitter numbers for SFl are compliant to SFF-8431 Specification.
) The jitter numbers for CPRI are compliant to the CPRI Specification V3.0.
) The jitter numbers for O0BSAI are compliant to the 0BSAI RP3 Specification V4.1.
4) The jitter numbers for SRIO are compliant to the RapidlO Specification 1.3.
) The jitter numbers for GIGE are compliant to the IEEE802.3-2002 Specification.
) The jitter numbers for HiGig are compliant to the IEEE802.3ae-2002 Specification.
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Core Performance Specifications

This section describes the clock tree, phase-locked loop (PLL), digital signal
processing (DSP), memory blocks and temperature sensing diode specifications.

Clock Tree Specifications

Table 2-24 lists the clock tree specifications for Arria V devices.

Tahle 2-24. Clock Tree Performance for Arria V Devices—Preliminary

Performance
Unit
Symbol -C4 Speed Grade -C5, 15 Speed Grade -C6 Speed Grade
Global clock and Regional clock 625 625 525 MHz
Peripheral clock 450 400 350 MHz

PLL Specifications

Table 2-25 lists the Arria V PLL specifications when operating in both the commercial
junction temperature range (0° to 85°C) and the industrial junction temperature range
(—40° to 100°C).

Table 2-25. PLL Specifications for Arria V Devices—Preliminary (V) (Part 1 of 3)

Symbol Parameter Min Typ Max Unit
Input clock frequency (-4 speed grade) 5 — 670 MHz
fin Input clock frequency (-5 speed grade) 5 — 622 () MHz
Input clock frequency (-6 speed grade) 5 — 500 @ MHz
finpeD Integer input clock frequency to the PFD 5 — 325 MHz
fenpr Fractional input clock frequency to the PFD 50 — TBD (V) MHz
PLL VCO operating range (—4 speed grade) 600 — 1600 MHz
fyeo PLL VCO operating range (-5 speed grade) 600 — 1400 MHz
PLL VCO operating range (—6 speed grade) 600 — 1300 MHz

tenouTy Input clock or external feedback clock input duty cycle 40 — 60 %
Output frequency for internal global or regional clock . . 500 ) MHz

(—4 speed grade)

Output frequency for internal global or regional clock
four (—SZpeedqgradJ ’ ’ B B 500 @ MHz

Output frequency for internal global or regional clock

(-6 speed grade) o o 400 & MHz

Output frequency for external clock output (-4 speed grade) | — — 670 4 MHz
fout ext Output frequency for external clock output (-5 speed grade) | — — 622 (4 MHz

Output frequency for external clock output (-6 speed grade) | — — 500 4 MHz
toutouTy Duty cycle for external clock output (when set to 50%) 45 50 55 %
trcomp External feedback clock compensation time — — 10 ns
tconFiGPHASE Time required to reconfigure phase shift — — TBD () —
tDVCONFIGOLK Dynamic Configuration Clock — — 100 MHz
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Table 2-25. PLL Specifications for Arria V Devices—Preliminary (V) (Part 2 of 3)

Symbol Parameter Min Typ Max Unit

t Time required to lock from end-of-device configuration or o . 1 ms
LocK deassertion of areset

Time required to lock dynamically (after switchover or

toLock reconfiguring any non-post-scale counters/delays) o o 1 ms

PLL closed-loop low bandwidth — 0.3 — MHz
foLaw PLL closed-loop medium bandwidth — 1.5 — MHz

PLL closed-loop high bandwidth (6 — 4 — MHz
tpLL PSERR Accuracy of PLL phase shift — — +50 ps
tARESET Minimum pulse width on the areset signal 10 — — ns
; @, (5 Input clock cycle-to-cycle jitter (Frer > 100 MHz) — — 0.15 Ul (p-p)
INCC) Input clock cycle-to-cycle jitter (Frer < 100 MHz) — — +750 ps (p-p)
) o Period jitter for dedicated clock output (Foyr > 100 MHz) — — TBD (W | ps(p-p)
0UTRJ.DC Period jtter for dedicated clock output (Fgyr < 100 MHz) — — TBD (| mUI (p-p)

Cycle-to-cycle jitter for dedicated clock output . . ) )

5 | (Four =100 MHz) TBD ps (p-p)

tourccs_oc @ - ,

Cycle-to-cycle jitter for dedicated clock output 8D (¥ ul

(Four < 100 MHz) - - muUl (p-p)

ouT

Period Jitter for clock output on the regular I/0 _ _ TBD | ps (p-p)

tOUTPJJO (6), (FOUTE 100 MHZ)
® Period Jitter for clock output on the regular 1/0
— — (1) -
(Four < 100 MHz) 8D mul (p-p)
Cycle-to-cycle jitter for clock output on the regular 1/0 . . ) ]
tources o @ | (Four =100 MHz) TBD ps (p-p)

(9) Cycle-to-cycle jitter for clock output on the regular 1/0 . . 8D @ | muI (p-p)

(Four < 100 MHz)
toutpy_De_F Period jitter for dedicated clock output in fractional mode — — TBD () —
i Cycle-to-cycle jitter for dedicated clock output in fractional 8D (7
0UTCCJ_DC_F mode - — —
Period Jitter for clock output on the regular I/0 in fractional
toutpu_io_F mode P g — — TBD () —

t Cycle-to-cycle jitter for clock output on the regular 1/0 in — — TBD () -
OUTCCJ_IO_F fractional mode

Period jitter for dedicated clock output in cascaded PLLs . . 8D @ | ps (p-p)

teasc_outpspc | (Four 2100 MHz)

(6), (7) ind i ; ;
Period jitter for dedicated clock output in cascaded PLLs . . 8D @ | mUI (p-p)
(Fout < 100 MHz)
Frequency drift after PFDENA is disabled for a duration of o

toriFr — — +10 To
100 ps
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Table 2-25. PLL Specifications for Arria V Devices—Preliminary (V) (Part 3 of 3)

Symbol Parameter Min Typ Max Unit
dKgr Bit number of Delta Sigma Modulator (DSM) — 24 — bits
KvaLuE Numerator of Fraction TBD () | 8388608 | TBD (" —
fRes Resolution of VCO frequency (fiyprp =100 MHz) — 5.96 — Hz

Notes to Table 2-25:
(1) Pending silicon characterization.

(2) This specification is limited in the Quartus Il software by the 1/0 maximum frequency. The maximum I/0 frequency is different for each I/0
standard.

This specification is limited by the lower of the two: 1/0 fyax or Foyr of the PLL.
A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source < 120 ps.
Frer is fIN/N when N = 1.

Peak-to-peak jitter with a probability level of 10712 (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 Table 2-33 on page 2-35.

(7) The cascaded PLL specification is only applicable with the following conditions:
a. Upstream PLL: 0.59 MHz < Upstream PLL BW < 1 MHz
b. Downstream PLL: Downstream PLL BW > 2 MHz

High bandwidth PLL settings are not supported in external feedback mode.
External memory interface clock output jitter specifications use a different measurement method, which are available in Table 2-33 on page 2-35.

—_
© o
—- =

DSP Block Specifications
Table 2-26 lists the Arria V DSP block performance specifications.

Table 2-26. DSP Block Performance Specifications for Arria V Devices—Preliminary

Performance
Mode -C4 -C5, 15 -C6 Unit
Speed Speed Speed
Grade Grade Grade
Modes using One DSP Block
Independent 9 x 9 Multiplication 370 310 220 MHz
Independent 18 x 19 Multiplication 370 310 220 MHz
Independent 18 x 18 Multiplication 370 310 220 MHz
Independent 27 x 27 Multiplication 310 250 200 MHz
Independent 18 x 25 Multiplication 370 310 220 MHz
Independent 20 x 24 Multiplication 370 310 220 MHz
Two 18 x 19 Multiplier Adder Mode 370 310 220 MHz
18 x 18 Multiplier Added Summed with 36-bit Input 370 310 220 MHz
Modes using Two DSP Blocks
Complex 18 x 19 multiplication 370 310 220 MHz
Two 27 x 27 Multiplier Adder 310 250 200 MHz
Four 18 x 19 Multiplier Adder 370 310 220 MHz
February 2012  Altera Corporation Arria V Device Handbook
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Memory Block Specifications
Table 2-27 lists the Arria V memory block specifications.

Table 2-27. Memory Block Performance Specifications for Arria V Devices—Preliminary (") (2)

Resources Used Performance
Memory Mode c4 C5.15 c6 Unit
ALUTs | Memory Speed Grade | Speed Grade | Speed Grade
Single port, all supported widths 0 1 500 450 400 MHz
Simple dual-port, all supported 0 1 500 450 400 MHz
widths
MLAB : ,
Simple dual-port with read and 0 1 400 350 300 MHz
write at the same address
ROM, all supported width — — 500 450 400 MHz
Single-port, all supported widths 0 1 400 350 285 MHz
Simple dual-port, all supported
widths 0 1 400 350 285 MHz
Simple dual-port with the
read-during-write option set to 0 1 315 275 240 MHz
M10K | 0ld Data, all supported widths
Block
True dual port, all supported
widths 0 1 400 350 285 MHz
ROM, all supported widths 0 1 400 350 285 MHz
Min Pulse Width (clock high time) — — 1,275 1,360 1,445 ps
Min Pulse Width (clock low time) — — 850 1,060 1,175 ps

Notes to Table 2-27:

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

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

Temperature Sensing Diode Specifications

Table 2-28 lists the specifications for the Arria V internal temperature sensing diode.

Table 2-28. Internal Temperature Sensing Diode Specifications for Arria V Devices—Preliminary

Offset . - . .
Temperature . . Conversion . Minimum Resolution with no
Range Accuracy callbl_'ated Sampling Rate Time Resolution Missing Codes
Option
~4010100°C |  +8°C No Frequency: | _q00ms | 8 hbits 8 bits
1 MHz
Arria V Device Handbook February 2012 Altera Corporation
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Periphery Performance
This section describes periphery performance and the high-speed I/O and external

memory interface.

1/0 performance supports several system interfaces, such as the LVDS high-speed
170 interface, external memory interface, and the PCI/PCI-X bus interface. GPIO
standards such as 3.3-, 2.5-, 1.8-, and 1.5-V LVTTL/LVCMOS are capable of a typical
167 MHz and 1.2 LVCMOS at 100 MHz interfacing frequency with a 10 pF load.

L=~ Actual achievable frequency depends on design- and system-specific factors. You
must perform HSPICE/IBIS simulations based on your specific design and system
setup to determine the maximum achievable frequency in your system.

High-Speed 1/0 Specification
Table 2-29 lists high-speed I/O timing for Arria V devices.

Table 2-29. High-Speed I/0 Specifications for Arria V Devices—Preliminary (" (2. (3) (Part 1 of 3)

Symbol

Conditions

—4 Speed Grade

-5 Speed Grade

-6 Speed Grade

Min | Typ Max

Min | Typ Max

Min | Typ Max

Unit

fusci_in (input
clock
frequency)
True
Differential
I/0 Standards

Clock boost factor W =110 40 (9

5 — 625

5 — 625

6 — TBD

MHz

fuscLi_in (input
clock
frequency)
Single Ended

I/0 Standards
4)

Clock boost factor W = 1 to 40 (¥

5 — 625

5 — 625

5 — TBD

MHz

fuscLi_in (input
clock
frequency)
Single Ended

I/0 Standards
(3)

Clock boost factor W =110 40

5 — TBD

5 — TBD

5 — TBD

MHz

fHSCLKﬁOUT
(output clock

frequency)

5 — | 625 (0

5 — | 625 (@

5 — | TBD @

MHz
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Table 2-29. High-Speed I/0 Specifications for Arria V Devices—Preliminary (") (2. (3) (Part 2 of 3)

—4 Speed Grade -5 Speed Grade —6 Speed Grade
Symbol Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Transmitter
True SERDES factor J =3 to 10 7 | — 1250 7 | — 1250 7 | — 1050 | Mbps
Differential
/0 Standards | SERDES factor J = 1 to0 2, Uses
’ (7) — (7) (7) — (7) (7) — (7)
- fusor (data DDR Registers Mbps
rate)
Emulated
Differential
I/0 Standards
with Three
e SERDES factor J=41010 | @ | — | T80 | @ | — | T8BD | @ | — | TBD |Mbps
Resistor
Networks -
fusor (data
rate) (8
Total Jitter for Data Rate,
b it - TrUe 600 Mbps - 1.25 Gbps i A L el A L Bl e B
Differential Total Jitter for Data Rt
/0 Standards otal Jitter for Data hate, — | = N _ |
<600 Mbps 0.1 0.1 0.1 ul
ty Jitter - Total Jitter for Data Rate, . | o
Emulated 600 Mbps — 1.25 Ghps 78D 78D TBD | ps
Differential
I/0 Standards
with Three Total Jitter for Data Rate
External Iter tor — | —| ™ | —| —| T | — | — | TBD ul
OU’[DUT <600 |\/|bpS
Resistor
Network
TX output clock duty cycle for both
toury True and Emulated Differential 1/0 | 45 50 55 45 50 55 45 50 95 %
Standards
True Differential I/0 Standards - | — 200 — | — 200 - | — 200 ps
taise & tFaLL Emulated Differential 1/0
Standards with Three External — | — 250 — | — 250 — | — 300 ps
Output Resistor Networks
True Differential I/0 Standards - | — 150 — | — 150 - | — 150 ps
TCGCS Emulated Differential 1/0
Standards — | — 300 — | — 300 — | — 300 ps
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Table 2-29. High-Speed I/0 Specifications for Arria V Devices—Preliminary (" (2. (3) (Part 3 of 3)
—4 Speed Grade -5 Speed Grade —6 Speed Grade
Symbol Conditions Unit
Min | Typ Max Min | Typ Max Min | Typ Max
Receiver
True
Differential
I/0 Standards SERDES factor J=310 10 — | — 1250 — | — 1250 — | — 1050 | Mbps
- fHSDRDPA
(data rate)
SERDES factor J =310 10 @ | — 9 o | — 9 o | — 9 Mbps
fuspr (data
DDR Registers
DPA Mode
DPA run _ — | — | 10000 | — | — | 10000 | — | — | 10000 | ui
length
Soft CDR mode
Soft-CDR +
ppm tolerance - — | — 300 — | — | 300 — | — | 300 oo
Non DPA Mode
Sampling . I N S
Window 300 300 300 ps

Notes to Tahle 2-29:

1) When J =3 to 10, use the serializer/deserializer (SERDES) block.

2) WhenJ =1 or 2, bypass the SERDES block.

This applies to LVDS source synchronous mode only.

This applies to DPA and soft-CDR modes only.

Clock Boost Factor (W) is the ratio between the input data rate and the input clock rate.
This is achieved by using the LVDS clock network.

wW

5
6

(
(
(
(4
(
(
(7

)
)
)
)
)
)

you use. The 1/0 differential buffer and input register do not have a minimum toggle rate.

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

(8) 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 the leftover timing margin.

(9) You can estimate the achievable maximum data rate for non-DPA mode by performing link timing closure analysis. You must consider the board skew margin,

transmitter delay margin, and receiver sampling margin to determine the maximum data rate supported.

Figure 2-1 shows the DPA lock time specifications with the DPA PLL calibration

option enabled.

Figure 2-1. DPA Lock Time Specification with DPA PLL Calibration Enabled

rx_reset I

DPA Lock Time

rx_dpa_locked

+ 96 slow
clock cycles

+ 96 slow *
clock cycles

256 data
transitions

256 data
transitions

256 data
transitions
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Table 2-30. DPA Lock Time Specifications for Arria V Devices—Preliminary (7 (2) (3)

Table 2-30 lists the DPA lock time specifications for Arria V devices.

Standard

Training Pattern

Number of Data
Transitions in One
Repetition of the
Training Pattern

Number of
Repetitions per 256
Data Transitions (4

Maximum

SPI-4 00000000001111111111 2 128 640 data transitions
) 00001111 2 128 640 data transitions
Parallel Rapid I/0 —
10010000 4 64 640 data transitions
) 10101010 8 32 640 data transitions
Miscellaneous —
01010101 8 32 640 data transitions

Notes to Table 2-30:

(1) The DPA lock time is for one channel.

2

4

(2) One data transition is defined as a 0-to-1 or 1-to-0 transition.
(3) The DPA lock time stated in this table applies to both commercial and industrial grades.
(4) This is the number of repetitions for the stated training pattern to achieve the 256 data transitions.

Figure 2-2 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for
a data rate equal to 1.25 Gbps.

Figure 2-2. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Equal to 1.25 Ghps

25 |~

8.5

Jitter Amphlitude (Ul)

LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification

Jitter Frequency (Hz)

F4

Table 2-31 lists the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for a

data rate equal to 1.25 Gbps.

Tahle 2-31. LVDS Soft-CDR/DPA Sinusoidal Jitter Mask Values for a Data Rate Equal to 1.25 Ghps—Preliminary

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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Figure 2-3 shows the LVDS soft-CDR/DPA sinusoidal jitter tolerance specification for
a data rate less than 1.25 Gbps.

Figure 2-3. LVDS Soft-CDR/DPA Sinusoidal Jitter Tolerance Specification for a Data Rate Less than 1.25 Gbps

Sinusoidal Jitter Amplitude
A

0.1Ul |
P-P

> Frequency

baud/1667 20 MHz

DQS Logic Block and Memory Output Clock Jitter Specifications
Table 2-32 lists the DQS phase shift error for Arria V devices.

Table 2-32. DQS Phase Shift Error Specification for DLL-Delayed Clock (tpgs pserg) for Arria V
Devices—Preliminary (') (2)

Number of DQS Delay -C4 -C5, 15 -C6 Unit
Buffer Speed Grade Speed Grade Speed Grade
2 57 58 74 ps

Notes to Table 2-32:
(1) The numbers are preliminary pending silicon characterization.

(2) This error specification is the absolute maximum and minimum error. For example, skew on two DQS delay buffers
in a —4 speed grade is 58 ps or +29 ps.

Table 2-33 lists the memory output clock jitter specifications for Arria V devices.

Table 2-33. Memory Output Clock Jitter Specification for Arria V Devices—Preliminary (') (Part 1 of 2)

Parameter Ng::z::k Symbol Spee;:;rade Speet;sﬁrade Spee(;%rade Unit
Min Max Min Max Min Max

Clock period jitter Regional tormioen -50 50 -55 55 —-55 55 ps

Cycle-to-cycle period jitter Regional tiitiee) -100 100 -110 110 -110 110 ps

Duty cycle jitter Regional tomauy) -50 50 -825 825 -82.5 825 ps

Clock period jitter Global tomoen -75 75 -82.5 82.5 -82.5 82.5 ps

Cycle-to-cycle period jitter Global tiitiee) -150 150 -165 165 -165 165 ps
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Table 2-33. Memory Output Clock Jitter Specification for Arria V Devices—Preliminary () (Part 2 of 2)

-4 -5 -6
Speed Grade Speed Grade Speed Grade Unit

Clock

Network Symbol

Parameter

Min Max Min Max Min Max

Duty cycle jitter Global timouy) 75 75 -90 90 -90 90 ps

Note to Table 2-33:
(1) The memory output clock jitter measurements are for 200 consecutive clock cycles, as specified in the JEDEC DDR2/DDR3 SDRAM standard.

OCT Calibration Block Specifications
Table 2-34 lists the OCT calibration block specifications for Arria V devices.

Table 2-34. OCT Calibration Block Specifications for Arria V Devices—Preliminary

Symbol Description Min Typ Max Unit

OCTUSRCLK Clock required by OCT calibration blocks — — 20 MHz
Number of OCTUSRCLK clock cycles required for . L

Tocrea Rs OCT /Ry OCT calibration 1000 Cycles
Number of OCTUSRCLK clock cycles required for OCT code

Tocrsier to shift out ! ! o 32 o Cycles
Time required between the dyn_term ctrl and oe signal

Trs_ Rt transitions in a bidirectional 1/0 buffer to dynamically switch — 2.5 — ns
between Rg OCT and Ry OCT

Figure 2—4 shows the Tgg gy for dyn_term ctrl and oe signals.

Figure 2-4. Timing Diagram for dyn_term_ctrl and oe Signals

RX Tristate Tristate RX

oe

dyn_term_ctrl

A
Y.

< »
< >

Trs_RT Trs_AT

Duty Cycle Distortion (DCD) Specifications
Table 2-35 lists the worst-case DCD for Arria V devices.

Tahle 2-35. Worst-Case DCD on Arria V 1/0 Pins—Preliminary

-C5,15 Speed -C6 Speed
-C4 Speed Grade 4
Symbol Grade Grade Unit
Min Max Min Max Min Max
Output Duty Cycle 45 55 45 55 45 55 %
Arria V Device Handbook February 2012 Altera Corporation
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Configuration Specification

This section provides configuration specifications and timing for Arria V devices.
These characteristics can be designated as Preliminary or Final.

m Preliminary characteristics are created using simulation results, process data, and
other known parameters. The title of these tables show the designation as
“Preliminary.”

m Final numbers are based on actual silicon characterization and testing. The
numbers reflect the actual performance of the device under worst-case silicon
process, voltage, and junction temperature conditions. There are no designations
on finalized tables.

POR Specifications

Table 2-36 lists the specifications for fast and standard POR for Arria V devices.

Table 2-36. Fast and Standard POR Delay Specification for Arria V Devices (")

POR Delay Minimum (ms) Maximum (ms)
Fast @ 4 12
Standard (%) 100 300

Notes to Table 2-36:

(1) Select the POR delay based on the MSEL setting as described in the “Configuration Schemes for Arria V Devices”
table in the Configuration, Design Security, and Remote System Upgrades in Arria V Devices chapter.

(2) When the porsEL signal is high, the device is in fast POR delay.
(3) When the PORSEL signal is low, the device is in standard POR delay.

JTAG Configuration Timing

Table 2-37 lists the JTAG timing parameters and values for Arria V devices.

Table 2-37. JTAG Timing Parameters and Values for Arria V Devices—Preliminary

Symbol Description Min Max Unit
ticp TCK clock period 30 — ns
tycH TCK clock high time 14 — ns
teL TCK clock low time 14 — ns
typsu (To)) TDI JTAG port setup time 1 — ns
tipsu (tms) TMS JTAG port setup time 3 — ns
typH JTAG port hold time 5 — ns
tipco JTAG port clock to output — 11 (1) ns
typzx JTAG port high impedance to valid output — 14 (1) ns
typxz JTAG port valid output to high impedance — 14 (1) ns

Note to Table 2-37:

(1) A1-nsadder is required for each V¢ g voltage step down from 3.0 V. For example, tjpco = 12 ns if Vo 0f the TDO
1/0 bank =2.5V, or 13 ns if it equals 1.8 V.

February 2012  Altera Corporation Arria V Device Handbook
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FPP Configuration Timing

This section describes the fast passive parallel (FPP) configuration timing parameters
for Arria V devices.

DCLK-to-DATA[] Ratio (r) for FPP Configuration

FPP configuration requires a different DCLK-to-DATA[] ratio when you turn on
encryption or the compression feature.

Table 2-38 lists the DCLK-to-DATA [] ratio for each combination.

Table 2-38. DCLK-to-DATA[] Ratio for Arria V Devices ("

Configuration Scheme Encryption Compression DCLK-to-DATA[] ratio (r)

Off off 1
On Off
Off On
On On

FPP (8-bit wide)

On Off
Off On
On On

FPP (16-bit wide)

]
2
2
Off Off 1
2
4
4

Note to Table 2-38:

(1) Depending on the DcLk-to-DATA[] ratio, the host must send a DCLK frequency that is r times the DATA[] rate in
byte per second (Bps) or word per second (Wps). For example, in FPP x16 where the ris 2, the DcLx frequency
must be 2 times the DATA[] rate in Wps.

FPP Configuration Timing when DCLK to DATA[] =1

Figure 2-5 shows the timing waveform for a FPP configuration when using a MAX® II
device as an external host. This timing waveform shows timing when the DCLK-to-
DATA[] ratiois 1.

"=~ When you enable decompression or the design security feature, the DCLK-to-DATA []

Arria V Device Handbook

ratio varies for FPP x8 and FPP x16. For the respective DCLK-to-DATA[] ratio, refer to
Table 2-38.
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Figure 2-5. DCLK-to-DATA[] FPP Configuration Timing Waveform When the Ratio is 1 ("
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- ety
ot 01 oo G| +ee ——( i
> =gy
User I/O High-Z (XX oo X_User Mode
INIT_DONE (7) eoe coe

ICDZUM

Notes to Figure 2-5:

M

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 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. You can drive it high or low, whichever is more convenient.

(5) For FPP x16, use DATA[15..0]. For FPP x8, use DATA[7..0]. DATA[15..0] are available as a user 1/0 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 device. CONF_DONE is released high when the Arria V 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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Table 2-39 lists the timing parameters for Arria V devices for FPP configuration when

the DCLK-to-DATA[] ratiois 1.

Table 2-39. DCLK-to-DATA[] FPP Timing Parameters for Arria V Devices When the Ratio is 1—Preliminary (1)

Symbol Parameter Minimum Maximum Unit
terocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low t0 nSTATUS low — 600 ns
tora nCONFIG low pulse width 2 — s
tstatus nSTATUS low pulse width 268 1506 @ us
torosTt nCONFIG high to nSTATUS high — 1506 (9 us
torack nCONFIG high to first rising edge on DCLK 1506 — us
tsTock nSTATUS high to first rising edge of bcLK 2 — us
tosu DATA[] setup time before rising edge on 55 . ns

DCLK
ton DATA [] hold time after rising edge on DCLK 0 — ns
ton DCLK high time 0.45 x 1/fyax — ns
toL DCLK low time 0.45 x 1/fyax — ns
touk DCLK period 1/fmax — ns
faax DCLK frequency (FPP x8/ x16) — 125 MHz
tp Input rise time — 40 ns
tr Input fall time — 40 ns
tepoum CONF_DONE high to user mode (4 175 437 us
tepocy CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
tepountc CONF_DONE high to user mode with CLKUSR teozcu + (Tinit X CLKUSR o o

option on period)
Tini !\Igmper pf clock cycles required for device 17,408 . Cycles

initialization

Notes to Table 2-39:
(1) Use these timing parameters when the DcLK-t0-DATA [] ratio is 1. To find the DcLk-to-DATA[] ratio for your system, refer Table 2-38 on

page 2-38.

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

(4) 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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FPP Configuration Timing when DCLK to DATA[] > 1

Figure 2-6 shows the timing waveform for a FPP configuration when using a MAX 11
device or microprocessor as an external host. This waveform shows timing when the
DCLK-to-DATA [] ratio is more than 1.

Figure 2-6. FPP Configuration Timing Waveform When the DCLK-to-DATA[] Ratio is >1 (72

terasT

forg >
— X Xy
nCONFIG lopzok
— : eee eee
NSTATUS (3) | s terarus
i+ forzsto ees
CONF_DONE (4) ¢ o ; eoeo
el e oy,
CcF2cD f'srzc»( ton (8)
i Ianal
DCLK (6) 1 2| eee |y 1 2| eee |y (7) 1 e r XX (5)
Ll
DATA[15..0] (8)  ———— Word 0 ( Word 1 {__ X Word3 eee  Word (n-1)X Wordn (¢ ®® =——(User Mode
afosu IoH i Iy ;
User I/O High-Z cee . X User Mode
INIT_DONE (9) [ eee .es
tepzum

Notes to Figure 2-6:
(1) To find the DCLK-to-DATA [] ratio for your system, refer Table 2-38 on page 2-38.

(2) 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.

After power up, the Arria V device holds nSTATUS low for the time as specified by the POR delay.

After power up, before and during configuration, CONF_DONE is low.

Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.

.

r’ denotes the DCLK-to-DATA [] ratio. For the DCLK-to-DATA [] ratio based on the decompression and the design security feature enable
settings, refer to Table 2-38 on page 2-38.

(7) If needed, pause DCLK by holding it low. When DCLK restarts, the external host must provide data on the DATA[15. . 0] pins prior to sending
the first DCLK rising edge.

(8) Toensure asuccessful configuration, send the entire configuration data to the Arria V device. CONF_DONE is released high after the Arria V device
receives all the configuration data successfully. After CONF_DONE goes high, send two additional falling edges on DCLX to begin initialization
and enter user mode.

(9) After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.
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Table 2-40. DCLK-to-DATA[] FPP Timing Parameters for Arria V Devices When the Ratio is >1—Preliminary (7

Table 240 lists the timing parameters for Arria V devices when the

DCLK-to-DATA [] ratio is more than 1.

Symbol Parameter Minimum Maximum Unit
terocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low t0 nSTATUS low — 600 ns
tora nCONFIG low pulse width 2 — s
tstatus nSTATUS low pulse width 268 1506 @ us
torosTt nCONFIG high to nSTATUS high — 1506 (9 us
torack nCONFIG high to first rising edge on DCLK 1506 — us
tsTock nSTATUS high to first rising edge of bcLK 2 — us
tosu gzgzi[] setup time before rising edge on 55 . ns
toy DATA [] hold time after rising edge on DCLK 3 X 1/fpoik — ns
ton DCLK high time 0.45 x 1/fyax — ns
toL DCLK low time 0.45 x 1/fyax — ns
touk DCLK period 1/fmax — ns
faax DCLK frequency (FPP x8/ x16) — 125 MHz
tp Input rise time — 40 ns
tr Input fall time — 40 ns
tepoum CONF_DONE high to user mode (4 175 437 us
tepocy CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
tepountc CONF_DONE high to user mode with CLKUSR teozcu + (Tinit X CLKUSR o o

option on period)
Tini m?t?;ﬁsgt?gn0|OCk cycles required for device 17.408 . Cycles

Notes to Table 2-40:
(1) Use these timing parameters when you use decompression and the design security features.

2

4
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(2) This value can be obtained if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(3) This value can be obtained if you do not delay configuration by externally holding nSTATUS low.
(4) 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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AS Configuration Timing

Figure 2-7 shows the timing waveform for the active serial (AS) x1 mode and AS x4
mode configuration timing.

Figure 2-7. AS Configuration Timing

* =—tpop (1)
nCONFIG eee oo oo
nSTATUS LX R eee XYy
CONF_DONE coe coe b

ncso | ces eee ‘ oo
o | [ Mwiﬁ

foo it
A S

AS_DATAO/ASDO ﬂead Address eee ecoe
AS_DATA1 (2) b eee X bit1 X bit0 eoe
~— tcpaum®
INIT_DONE (4) ‘ —
LN J LE X ] L X ]
User I/O eoe eoe Xy User Mode

Notes to Figure 2-7:

(1) The AS scheme supports standard and fast POR delay (tpor). For tpor delay information, refer to the “POR Delay Specification” section in the
Configuration, Design Security, and remote System Upgrades in Arria V Devices chapter.

(2) Ifyou are using AS x4 mode, this signal represents the As DATA [3. . 0] and EPCQ sends in 4-bits of data for each DCLK cycle.
(3) The initialization clock can be from the internal oscillator or CLKUSR pin.
(4) After the option bit to enable the INIT DONE pin is configured into the device, the INIT DONE goes low.

Table 2-41 lists the timing parameters for AS x1 and AS x4 configurations in Arria V
devices.

Table 2-41. AS Timing Parameters for AS x1 and x4 Configurations in Arria V Devices—Preliminary (1) (2)

Symbol Parameter Minimum Maximum | Unit
tco DCLK falling edge to the As_DATA0/ASDO output — 4 18]
tsy Data setup time before the rising edge on DCLK 1.5 — ns
ty Data hold time after the rising edge on bcLK 0 — ns
tepoum CONF_DONE high to user mode 175 437 us
tenacu CONF_DONE high to cLXUSR enabled 4 x maximum DCLXK period — —
tepountc CONF_DONE high to user mode with CLKUSR tenacy + (Tinit X CLKUSR . .

option on period)
Tini m?t?;ﬁgtio;ncmc'( cycles required for device 17.408 . Cycles

Notes to Table 2-41:
(1) The minimum and maximum numbers apply only if you choose the internal oscillator as the clock source for initializing the device.

(2) The tgrocos torosTos tores tsTatus, and terosts timing parameters are identical to the timing parameters for PS mode listed in Table 2-43 on
page 2-45.
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Table 2—42 lists the internal clock frequency specification for the AS configuration
scheme.

Table 2-42. DCLK Frequency Specification in the AS Configuration Scheme—Preliminary ("): (2)

Minimum Typical Maximum Unit
5.3 7.9 12.5 MHz
10.6 15.7 25.0 MHz
21.3 314 50.0 MHz
42.6 62.9 100.0 MHz

Notes to Tahle 2-42:

(1) This applies to the DCLK frequency specification when using the internal oscillator as the configuration clock source.
(2) The AS multi-device configuration scheme does not support bcLk frequency of 100 MHz.

PS Configuration Timing

Figure 2-8 shows the timing waveform for a passive serial (PS) configuration when
using a MAX II device or microprocessor as an external host.

Figure 2-8. PS Configuration Timing Waveform (7
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Notes to Figure 2-8:

(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.

) After power up, the Arria V device holds nSTATUS low for the time of the POR delay.

3) After power up, before and during configuration, CONF_DONE is low.
) Do not leave DCLK floating after configuration. You can drive it high or low, whichever is more convenient.
)

DATAO is available as a user 1/0 pin after configuration. The state of this pin depends on the dual-purpose pin settings in the Device and Pins
Option.

(6) Toensure asuccessful configuration, send the entire configuration data to the Arria V device. CONF_DONE is released high after the Arria V 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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Table 243 lists the PS timing parameter for Arria V devices.

Table 2-43. PS Timing Parameters for Arria V Devices—Preliminary
Symbol Parameter Minimum Maximum | Unit
torocn nCONFIG low to CONF_DONE low — 600 ns
terosTo nCONFIG low to nSTATUS low — 600 ns
tore nCONFIG low pulse width 2 — us
tstarus | BSTATUS low pulse width 268 1506 () us
torosty | RCONFIG high to nSTATUS high — 1506 (2 us
torack nCONFIG high to first rising edge on DCLK 1506 — us
tsTock nSTATUS high to first rising edge of DCLK 2 — us
tosu DATA[] setup time before rising edge on DCLK 55 — ns
toy DATA[] hold time after rising edge on DCLK 0 — ns
ton DCLXK high time 0.45 X 1/fyax — ns
toL DCLK low time 0.45 x 1/fyax — ns
touk DCLK period 1/fpax — ns
faax DCLK frequency — 125 MHz
tp Input rise time — 40 ns
tr Input fall time — 40 ns
topoum | CONF_DONE high to user mode (¢/ 175 437 us
tooocy | CONF_DONE high to CLKUSR enabled 4 x maximum DCLK period — —
fco2une | cowr_ pONE high to user mode with cLEUSR option on foozcu * (T"_m X CLEUSK — —

- period)

Tini :\rlllijtri];ﬁgt?;nclock cycles required for device 17,408 . Cycles
Notes to Table 2-43:
(1) You can obtain this value if you do not delay configuration by extending the nCONFIG or nSTATUS low pulse width.
(2) You can obtain this value if you do not delay configuration by externally holding nSTATUS low.
(3) 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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Remote System Upgrades Circuitry Timing Specification

Table 2-44 lists the timing parameter specifications for the remote system upgrade
circuitry.

Tahle 2-44. Remote System Upgrade Circuitry Timing Specification

Parameter Minimum Maximum Unit
twax_ru_cik 7 - 40 MHz
tru_nconri ? 250 — ns
tru_nrsTiver ¢/ 250 — ns

Notes to Table 2-44:

(1) This clock is user-supplied to the remote system upgrade circuitry. If you are using the ALTREMOTE_UPDATE
megafunction, the clock user-supplied to the ALTREMOTE_UPDATE megafunction must meet this specification.

(2) This is equivalent to strobing the reconfiguration input of the ALTREMOTE_UPDATE megafunction high for the
minimum timing specification. For more information, refer to the “Remote System Upgrade State Machine”
section in the Device Interfaces and Integration Basics for Arria V Devices chapter.

(3) This is equivalent to strobing the reset timer input of the ALTREMOTE_UPDATE megafunction high for the
minimum timing specification. For more information, refer to the “User Watchdog Timer” section in the Device
Interfaces and Integration Basics for Arria V Devices chapter.

User Watchdog Internal Oscillator Frequency Specification

Table 245 lists the frequency specifications for the user watchdog internal oscillator.

Table 2-45. User Watchdog Internal Oscillator Frequency Specifications—Preliminary

Minimum Typical Maximum Unit

5.3 7.9 12.5 MHz
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1/0 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/0O 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.
“ e Youcan download the Excel-based I/O Timing spreadsheet from the Arria V Devices
Literature webpage.

Programmable I0E Delay

Table 2—46 lists the Arria V IOE programmable delay settings.

Table 2-46. 10E Programmable Delay for Arria V Devices (7

Available | Minimum Fast Model Slow Model ]
Parameter Settinas Offset Unit
9 Industrial | Commercial ca c5, I5 c6

TBD TBD TBD TBD TBD TBD TBD TBD ns
TBD TBD TBD TBD TBD TBD TBD TBD ns
TBD TBD TBD TBD TBD TBD TBD TBD ns
TBD TBD TBD TBD TBD TBD TBD TBD ns
TBD TBD TBD TBD TBD TBD TBD TBD ns

Note to Table 2-46:
(1) Pending the Quartus Il software extraction.

Programmable Output Buffer Delay

Table 2-47 lists the delay chain settings that control the rising and falling edge delays
of the output buffer. The default delay is 0 ps.

Table 2-47. Programmable Output Buffer Delay—Preliminary () 2)

Symbol Parameter Typical Unit
0 (default) ps
D Rising and/or falling edge 50 ps
OUTBUF delay 100 DS
150 ps

Notes to Table 2-47:

(1) Pending the Quartus Il software extraction.

(2) You can set the programmable output buffer delay in the Quartus Il 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
OQutput Buffer Delay assignment.
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Glossary

Table 248 lists the glossary for this chapter.

Table 2-48. Glossary Table (Part 1 of 4)

Letter Subject Definitions
A
B — —
(¥
Receiver Input Waveforms
Single-Ended Waveform
Positive Channel (p) = V|y
,,,,,,,,,,,,, Vi
Negative Channel (n) =V,
Vem
Ground
Differential Waveform
Vip
p-n=0V
) ) Vio
D Differential I/0
Standards Transmitter Output Waveforms
Single-Ended Waveform
Positive Channel (p) = Vo
""""""" Vob ><
Negative Channel (n) = Vg
Vem
Ground
Differential Waveform
Vob
p-n=0V
Vop
E — —
fuscoLk Left/right PLL input clock frequency.
f High-speed 1/0 block—Maximum/minimum LVDS data transfer rate
F HSDR (fusor = 1/TUI), non-DPA.
f High-speed 1/0 block—Maximum/minimum LVDS data transfer rate
HSDRDPA (fispropa = 1/TUI), DPA.
G
H — —
|
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Table 2-48. Glossary Table (Part 2 of 4)

Letter Subject Definitions
J High-speed 1/0 block—Deserialization factor (width of parallel data bus).
JTAG Timing Specifications:
DI X X X X
J | JTAG Timing tuce : 3
Specifications e tioHsietycl > o typsy——sie—»itypn
TCK | ‘ L
tpzxie— typco i+ i tupxz
TDO : X :
K
L
M — _
N
0
Diagram of PLL Specifications (7
4
p PLL
Specifications
D Reconfigurable in User Mode External Feedback
Note:
(1) core Clock can only be fed by dedicated clock input pins or PLL outputs.
Q — _
R R, Receiver differential input discrete resistor (external to the Arria V device).
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Table 2-48. Glossary Table (Part 3 of 4)

Letter Subject Definitions

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:
Sampling

window (SW) < >

0.5x TCCS RSKM Sampling Window RSKM 0.5xTCCS
(SW)

The JEDEC standard for the SSTI and HSTL 1/0 defines both the AC and DC input signal
values. The AC values indicate the voltage levels at which the receiver must meet its timing
specifications. The DC values indicate the voltage levels at which the final logic state of the
receiver is unambiguously defined. After the receiver input has crossed the AC value, the
receiver changes to the new logic state.

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

Single-Ended Voltage Referenced I/0 Standard

Single-ended
voltage
referenced 1/0 U /o'
standad |\ S
Vinac)
ViHpc)
%
\ ReF / V\L(DC)
ViLac)
_____ T S
"""""""""""""""""""""""""""" Vss
tc High-speed receiver/transmitter input and output clock period.
TCCS (channel- The timing difference between the fastest and slowest output edges, including the tgq

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).

High-speed I/0 block—Duty cycle on high-speed transmitter output clock.
Timing Unit Interval (TUI)

to-channel-skew)

T foury The timing budget allowed for skew, propagation delays, and the data sampling window.
(TUI = 1/(Receiver Input Clock Frequency Multiplication Factor) = to/w)
trarL Signal high-to-low transition time (80-20%)
tincey Cycle-to-cycle jitter tolerance on the PLL clock input
toutrs 10 Period jitter on the GPIO driven by a PLL
toutpy DC Period jitter on the dedicated clock output driven by a PLL
trise Signal low-to-high transition time (20-80%)
U J— J—
Arria V Device Handbook February 2012 Altera Corporation

Volume 1: Device Overview and Datasheet



Chapter 2: Device Datasheet for Arria V Devices 2-51
Document Revision History

Table 2-48. Glossary Tahle (Part 4 of 4)

Letter Subject Definitions
Vemoce) DC Common mode input voltage.
Viem Input Common mode voltage—The common mode of the differential signal at the receiver.
Vip Input differential voltage swing—The difference in voltage between the positive and
complementary conductors of a differential transmission at the receiver.
VoiF(ac) AC differential input voltage—Minimum AGC input differential voltage required for switching.
Voire) DC differential input voltage— Minimum DC input differential voltage required for switching.
Vi, VoItage.input high.—The minimum positive voltage applied to the input which is accepted by
the device as a logic high.
Vikac) High-level AC input voltage
Vinoo) High-level DC input voltage
v v Voltage input low—The maximum positive voltage applied to the input which is accepted by
L the device as a logic low.
Vi (ac) Low-level AC input voltage
ViLoo) Low-level DC input voltage
Voou Output.Common mode voltage—The common mode of the differential signal at the
transmitter.
Voo Output differential voltage swing—_The di)‘ference in vgltage between th.e positive and
complementary conductors of a differential transmission at the transmitter.
Vswing Differential input voltage
Vy Input differential cross point voltage
Vox Output differential cross point voltage
w W High-speed 1/0 block—Clock Boost Factor
X,
Y’ J— R
z

Document Revision History

Table 2-49 lists the revision history for this chapter.

Tahle 2-49. Document Revision History

Date Version Changes

m Updated Table 2—1.

February 2012 1.3 m Updated Transceiver-FPGA Fabric Interface rows in Table 2-20.
m Updated Vep description.

December 2011 1.2 Updated Table 2—1, and Table 2-3.
m Updated Table 2—1, Table 219, Table 2-26, and Table 2-36.

November 2011 1.1 m Added Table 2-5.
m Added Figure 2-4.

August 2011 1.0 Initial release.
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Additional Information
fAN ISR

This chapter provides additional information about the document and Altera.

How to Contact Altera

To locate the most up-to-date information about Altera products, refer to the

following table.
Contact (" Contact Method Address
Technical support Website www.altera.com/support
) . Website www.altera.com/training
Technical training - -
Email custrain@altera.com
Product literature Website www.altera.com/literature
Nontechnical support (general) Email nacomp@altera.com
(software licensing) Email authorization@altera.com

Note to Table:
(1) You can also contact your local Altera sales office or sales representative.

Typographic Conventions

The following table shows the typographic conventions this document uses.

Visual Cue Meaning

Indicate command names, dialog box titles, dialog box options, and other GUI

Bold Type with Initial Capital labels. For example, Save As dialog box. For GUI elements, capitalization matches

Letters the GUI
Indicates directory names, project names, disk drive names, file names, file name
bold type extensions, software utility names, and GUI labels. For example, \qdesigns

directory, D: drive, and chiptrip.gdf file.
Italic Type with Initial Capital Letters | Indicate document titles. For example, Stratix IV Design Guidelines.

Indicates variables. For example, n+ 1.

italic type Variable names are enclosed in angle brackets (< >). For example, <file name> and
<project name>.pof file.

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

Quotation marks indicate references to sections in a document and titles of
Quartus Il Help topics. For example, “Typographic Conventions.”

Initial Capital Letters

“Subheading Title”
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Additional Information
Typographic Conventions

Visual Cue

Courier type

Indicates signal, port, register, bit, block, and primitive names. For example, datal,
tdi, and input. The suffix n denotes an active-low signal. For example, resetn.

Indicates command line commands and anything that must be typed exactly as it
appears. For example, c: \gdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESIGN), and logic function names (for
example, TRI).

“ An angled arrow instructs you to press the Enter key.
1,2.,3.,and Numbered steps indicate a list of items when the sequence of the items is important,
a., b.,c.,andsoon such as the steps listed in a procedure.
EEsm Bullets indicate a list of items when the sequence of the items is not important.
e The hand points to information that requires special attention.

A question mark directs you to a software help system with related information.
e The feet direct you to another document or website with related information.

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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