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Introduction

When looking at Agilex™ 5 FPGAs, external memory and general-purpose I/O
subsystem, I/O protocol flexibility and power competitiveness are critical elements
especially for low-cost devices targeted at markets such as industrial control and
broadcast/video equipment.

Agilex 5 FPGAs devices inherit Agilex FPGA DDR4, Low-Voltage Differential
Signaling (LVDS), and Scalable Low-Voltage Signaling (SLVS) support, but new
high-speed 1/O type willadd support for DDR4, LPDDR4, DDR5, LPDDR5, SDRAM,
and MIPI Alliance D-PHY.

The target markets for E-Series devices need applications flexibility. The addition
of High-Voltage LVCMOS/LVTTL I/O for compatibility with older technologies
within the semiconductor ecosystem enable lower performance, high-voltage I/O
capability (1.8 V - 3.3 V) built with Intel 7 thick-gate oxide transistor technology.

I/O Banks

Agilex 5 FPGA devices support two types of General Purpose I/O:
= High-speed|/O (HSIO), 96 1/0Os per bank. HSIO supports memory interfaces.

= High-voltage I/O (HVI0), 20 1/Os per bank. HVIO runs at higher voltage (up
to 3.3V) and doesn’t support memory interfaces.

1/0 Type Key Functions

DDR SDRAM interfacing
Hard memory controller (HMC)

High-speed /O
eI / PHY Lite

HSIO
Low-voltage GPIO
Differential I/O support (LVDS + MIPI D-PHY)
High-voltage 1/O Low-medium speed /O,
HVIO no differential capability

Table1. 1/O Typesand Functions

HSIO supports single-ended low voltage CMOS (LVCMOS) standard, Pseudo-
LVDS standard, MIPI D-PHY v2.5 standard (high-speed and low-power mode), and
SGMII (LVDS).

In addition, Agilex 5 devices also added HVIO that enables up to 3.3 V
single-ended LVCMOS, as one of the most important features used in Altera
edge-centric FPGAs.
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High-speed 1/0 (HSIO)

Specification Comments

(96/bank)

LVCMOS 1.05V,1.1Vand 1.2 Vsingle-ended -
LVDS 1.6 Gbps 1.6 Gbps
Vicm: 0.5-1.375V
True Differential Signaling' 1.3V 1.6 Gb/s

Vocm: 0.9-1.1V?

MIPID-PHY v.2.5

2.5Gb/sand 3.5 Gb/s (HS/LP?) 1D+C/2D+C/4D+C/8D+C

SGMII(LVDS)

1.5V 1.25Gb/s Add AC coupling if required

Table 2. HSIO Electrical and Bandwidth Characteristics

'Pin TX direction or RX direction is configurable at compile time
2Viecm—-input common mode voltage, Vocm—output common mode voltage
3 Differential high-speed (HS) and single-ended low-power (LP)

High Voltage I/O (HVIO)

(20/bank)

Specification

Comments

1.8V 0.250 Gb/s
(125 MHz DDR)

RGMII supported

Single-ended LVCMOS

2.5V /3.3.V 0.200 Gb/s
(100 MHz DDR)

Table 3. HVIO Electricaland Bandwidth Characteristics

High-Speed I/O

The newer HSIO variant, includes 96 multi-function I/O
buffers (1.05 V-1.3 V) supporting the following standards:

= Single-ended /O standards: LVCMOS (1.05 V, 1.1V, and
1.2 V), HSTLI2,SSTL-12, HSUL-12, POD12, PODI11

= Differential I/O standards: LVDS, SLVS, MIPI-DPHY,
differential SSTL-12, differential HSTL-12, differential
HSUL-12, differential PODI12, differential POD11

= HMC standards:
- E-Series Device Group B: DDR4, LPDDR4
- E-Series Device Group A: DDR4, LPDDR4, DDR5,
LPDDR5
- D-Series Device: DDR4, LPDDR4, DDR5, LPDDR5,
DDR-T2 capable with soft memory controller

= Proprietary sync SRAM interfaces: PHY Lite

HSIO bank 96 1/0s

Sub-bank 48 1/Os Sub-bank 48 1/Os

PHY Adapter

Fabric PLL
32-bitHMC Calibraion 16-bit HMC
Processor

Fabric Adapter

Figure 1. HSIO Block Diagram

The HSIO bank consists of two sub-banks of 48 1/O pins in
each sub-bank, there are four I/O lanes with 12 1/O pins in each
lane that make up a total of 48 single-ended I/O pins or 24
true differential I/O pairs per sub-bank.

One supply rail allows each sub-bank within an HSIO bank.
Forexample, you can have one sub-bank configured as LVDS
and the other sub-bankas DDR.

Each sub-bank shares a common supply rail, which limits the
I/O standards supported to those with the same 1/O supply
voltage. For example, if 2X I/O-lanes are used for MIPI, the
other 2X 1/O-lanes must be used for something with the same
supply as MIPI.

If LVDS SerDes are used, each I/O-lane can support all six
pairsas TX or RX as the true Differential bufferis configurable
for either direction.

Otherthanthel/Olanes, LVDS SerDes, and DPA, each I/O
sub-bank also contains dedicated circuitries including 1/O
phase-locked look (PLL), Hard Memory Controller (HMC),
and on-chip termination (OCT) calibration blocks.

In addition to the I/O buffering circuitry, the HSIO integrates
several other blocks and features, including two HMCs, I/O
Subsystem Manager (IOSSM) for PHY calibration, fabric
PLL,and /O PLLs for high-speed clock generation. A key
enhancement/change for the HMC is the change of fabric
protocolinterface fromlegacy Avalon® memory mapped
interface to Arm AXIl4 interface.

The total bank countina GPIO bank varies across different
device packages. Certain GPIO banks are shared with the
secure device manager (SDM) and the hard processor system
(HPS) function blocks. The pinout description will show the
available GPIO banks in each package option, the I/O banks
shared between GPIO and SDM, and the ones shared
between GPIO and HPS.

Table 4 compares the GPIO from Cyclone® V FPGAs and
Arria® 10 FPGAs to the GPIO used in E-Series devices.
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Arrial0 FPGA
Area Cyclone®V FPGA GPIOs Agilex™ 5 FPGA
GPIOs
DDR3,DDR4,DDR3L,LPDDR3
ExternalMemory | 505 ppR3,LPDDR2, DDR3L QDR II/11+/I1+ Extreme, QDRIV, DDR4,LPDDR4
Protocols DDR5% LPDDR5
RLDRAMS3
Fabricl/F (DDR) Avalon® memory mapped Avalon memory mapped AMBA AX14
Soft/Hard combination Logic, . .
ECC (DDR) Standard Hamming SECDEC Soft Logic el Lo, It 7 el
Solomon
ECC
MIPIDPHY v.2.5 None None Up to 2.5 Gbps (3.5 Gbps®channel)
LVDS 2.5V 1.8V 1.3 V (compatible)
SLVS-400 SLVS None Yes
GigE Supported ontransceiversonly | Supported on GPIO and transceivers Supported on transceivers only

Table 4. Comparison between GPIO from Cyclone®V FPGA and Arria® 10 FPGA vs GPIO from E-Series FPGA

4 E-Series Device Group A only

5 E-Series Device Group A only

Agilex™ 7 FPGAs (F/I Series) GPIOs Agilex™ 5 FPGA D-Series GPIOs
DDR4,LPDDR4
External Memory Protocols DDR4, QDR IV DDR5, LPDDR5
QDRIV, DDR-T2 (Soft IP)
FabricI/F (DDR) Avalon® memory mapped AXl14
ECE Soft/hard combination, Hamming only Hard Logic, Hamming + Reed-Solomon
MIPIDPHY v.2.5 None Up to 3.5 Gbps short channel
LVDS 1.5V (compatible) 1.3 V (compatible)
SLVS-400 None Yes
GigE Supported None (transceivers only)

Table 5. Comparesthe GPIO from Agilex FPGA to the GPIO Used in D-Series Devices

The key functions of each block are givenin Table 6:

Block Description

Implements edge interface for the HSIO, converts signals between fabric domain and I/O domain digital
Fabric Adapter power, lines up fabric connections. The fabric GPIO and HMC interfaces go through the timing boundary
without being synchronized.

Memory controllers for LP/DDR SDRAM technologies. Two memory controllers are in the subsystem to

HMCs support single x32 interfaces and dual x16 interfaces.

Subsystem for calibration and hardware assists for calibration. It implements the control engine and the

Calibration Processor . . .
calibration engine.

Block that handles muxing of multiple data paths. Implements the bypass function of the controller when

PHY Adapter usedin PHY Lite and GPIO modes.
1/O sub-bank 1/O buffers, PHY logic, I/OPLLs
Fabric PLL PLL used exclusively for fabric clocking.

Table 6. HSIO Blocks Description
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HSIO Features and Usage
GPIO

GPIO enables FPGA I/O to be used for generic interfaceina
system. The most common use case for GPIO is individual
signals that are then mappedto an I/O pad. GPIO support
input, output, and bidirectional function via Output Enable
(OE).

PHY Lite

PHY Lite builds amemory PHY ora general FPGA/FPGA
PHY depending on customer needs.

The only real difference in I/O configuration for PHY Lite is
thatan I/O-lane can be used in:

= SDR mode (which means it would map to the command
mapping)

= DDR mode (which means it would map to the data
mapping)

LVDS Compatibility

True differential I/O compatible with LVDS and able to interface
with LVDS subsets such as RSDS, Mini-LVDS, Sub-LVDS, and
any I/O standards that use equivalent electrical specification.

Hard Memory Controller
I/O bank contains a 32-bit HMC and a 16-bit HMC:

= 32-bit HMC handles 32-bit data and 8-bit error correction
code (ECO),

= 16-bit HMC handles 16-bit data and 8-bit ECC

Using the two HMCs, a 2 x 16-bit channels without ECC can
beimplementedin a single HSIO bank.

E-Series E-Series .
. . D-Series
Device Device Device
Group B Group A (4x-32b)
(1x, 2x, 4x-32b) | (2x, 4x-32b)
DDR4 2400 3200 3200°
LPDDR4/4X 2667 3733 4267
LPDDR5 2400 3600 4000
DDR5 N/A 3733 2132
QDR-IV N/A N/A 4000

Table7. Typesof Memory Supported

¢ Only D-Series FPGAs DDR4 support 2x64b

Agilex 5 FPGA device supports DDR4, DDR5, LPDDR4,
LPDDRS5 with hard controller and hard PHY. QDR-1V is
supported using hard PHY,and soft controllerimplemented
inthe fabric.

MIPID-PHY Support

MIPI D-PHY is enabled with a D-PHY PCS layer soft IP and
HSIO, it supports two operational modes:

= Differential high-speed (HS)
= Single-ended low-power (LP)
E-Series

Device
Group B

E-Series

Device
Group A

Datarate‘ 2.5Gbp ‘2.5and3.56bps7 2.5and 3.5 Gbps’

Table 8. MIPIFmax by product variant

7 Up to 3.5 Gbps for standard reference channel, and up to 2.5 Gbps for long reference
channel.

EachI/O-lane, whichis bidirectional may be configured as a
D-PHY transmit or receive interface. The I/O-lane may be
statically configured as single MIPI D-PHY interface, with
the following configurationsindependently: TX-1D+C, 2D+C,
4D+Cand RX-1D+C, 2D+C,4D+C

Each|/O-laneis independent and may be configuredin any
of the six MIPI D-PHY configurations listed earlier. Hence,
an /O sub-bank may have up to fourindependent MIPI D-PHY
interfaces and an HSIO bank up to eight independent MIPI
D-PHY interfaces.

To enable 8-lane MIPI D-PHY links, adjacent |/O-lane is used
together where RX clock lane from one I/O-lane feeds clock
to the adjacent I/O-lane enabling the lanes 5-8. in this case
8D+C can be enabledin both TX direction and RX direction.

Forexample:

I/O-Lane Config. Used Pins Unused Pins
ID+C 4 8
2D+C 6 6
4D +C 10 2

Table 9. MIPI configuration and pin usage

Each |/O-lane can only support one camera module. The
unused pins cannot be use on the second camera module.
This means that you cannot design two camera modulesin
the same I/O-lane.

The following diagram shows the different configurations,
and pin locations are fixed based on number of channels used:
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Figure 2. MIPI D-PHY Configurations
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High-Voltage I/O

Agilex 5 FPGA devices will integrate a high-voltage I/O
subsystem (HVIO), which integrates banks of LVCMOS
single-ended I/O buffers and timing registers. The HVIO will
support the following standards:

= LVCMOS/LVTTL1.8V,2.5V,3.3V
The HVIO base bank function contains 20 I/Os each.

The performance of this wide range /O bufferis 125 MHz
(250 Mbps DDR capable) at1.8 V forusage in I/O protocols
such as RGMII. For 2.5 V-3.3 V, the maximum 1/O
performanceis 100 MHz (200 Mbps).

A high-level placement view is shown in the following
diagram:

Dedicated HP S 10s

L

PCle Gen4, Ethernet, CPRI, SDI, DisplayPort, HDMI, etc...
Transceivers

I

1.8/25/3.3VIO JTAG,ASx4,
AVST

DDR4/5, LPDDR4/5,LVDS, SLVS, MIPI

Hyperflex®
FPGA
Architecture

HVIO Features and Usage

= 20Xsingle-ended /O perbank supporting LVCMOS and
LVTTLI/O standards.

= 1/O buffervoltage selectionof1.8V,2.5V,and 3.3 V.

= /O maximum frequency or data transfer rate:
- 1.8V:125MHz SDR or 250 Mbps DDR
- 2.5V-3.3V:100 MHz Fmax or 200 Mbps DDR

= 1Xfabric PLL to supply HVIO system clock and provide
additional reference clock sources for transceiver and
fabric PLLs.

In addition to the HVIO, the HPS and SDM integrate
dedicated fixed-voltage 1.8 V 1/O to support LVCMOS 1.8 V
operation, connected to internal HPS peripherals through
specific pins.

1.8/2.5/3.3V 10

1.8/2.5/3.3V LVCMO S 10 (12C, RGMIL, SPI, LEDs, Motor, etc...)

DDR4/5, LPDDR4/5, LVDS, SLVS, MIPI

Figure 3. HVIO in E-Series Devices (High-level Block Diagram)
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PCle Gen4, Ethernet, CPRI, SDI, DisplayPort, HDMI, etc...

1.8/2,5/33VI0  JTAG,ASx4,
AVST

Hyperflex®
FPGA
Architecture

DDR4/5, LPDDR4/5,LVDS, SLVS, MIPI

1.8/2,5/3,3V 10

SEVNELEIEIN]
PCle Gen4, Ethernet, CPRI, SDI, DisplayPort, HDMI, etc...

I

1.8/2,5/33V10

Figure 4. HVIO in Agilex 5 D-Series FPGAs (High-level Block Diagram)
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Package Selection and I/O Vertical Migration Support

E-Series Device Group A

ProductLine A5E O13A A5E 028A A5E 043A A5E 052A A5E 065A
Logic |KLEs 138 282 434 524 656
HVIO 200 200 120 120 120
HSIO (1.05V-1.3V) 192 192 384 384 384
GPIO 1.3V LVDS pairs @1.6Gbps 96 96 192 192 192
DDR4/LPDDR4/DDR5°/
LPDDR5 2x-32b 2x-32b 4x-32b 4x-32b 4x-32b
MIPID-PHY 14 14 28 28 28
Package Size, Min Ball Pitch, Grid .
Array Pattern HVIO/HSIO/Transceivers
B23A(23mmx23 mm, 0.65 120/96/4 120/96/12 120/96/12 120/96/12 120/96/12
mm, Variable Pitch BGA)
B32A(32mmx32mm, 0.65 200/192/4 200/192/12 120/384/16 120/384/24 120/384/24

mm, Variable Pitch BGA)

E-Series Device Group B

ProductLine A5E005B AS5E007B AS5E008B AS5EO013B A AS5E028B A5E043B  AS5E052B A5E065B

Logic |KLEs 50 69 85 138 282 434 524 656
HVIO 160 160 200 200 200 120 120 120
HSI0 (1.05V-1.3V) 96 96 192 192 192 384 384 384

GPIO 1.3V LVDS pairs @1.6Gbps 48 48 96 96 96 192 192 192
DDR4/LPDDR4 /DDR58
/LPDDR5 1x-32b 1x-32b 2x-32b 2x-32b 2x-32b 4x-32b 4x-32b 4x-32b
MIPID-PHY 7 7 14 14 14 28 28 28

Package Size, Min Ball Pitch, Grid .

Array Pattern HVIO/HSIO/Transceivers

B15A (1I5mm x15mm, 0.65 mm, 80/62 80/62

Variable Pitch BGA)

M16A (16 mm x16 mm, 0.5 mm, 40/192/4 40/192/4 40/192/8

Standard BGA)

BI18A (18mm x18mm, 0.65 mm, 160/52 160/52

Variable Pitch BGA)

B23B (23 mmx 23 mm, 0.65 mm, 160/96 160/96 160/192 160/192 160/192

Variable Pitch BGA)

B23A(23mmx23mm, 0.65mm, 120/96/4 120/96/4 120/96/12 120/96/12 120/96/12 120/96/12

Variable Pitch BGA)

B32A(B2mmx32mm, 0.65 200/192/4 200/192/4 200/192/12 120/384/16 120/384/24 120/384/24

mm, Variable Pitch BGA)

Table10. E-Series Device Package Migration and I/O Support

2 DDR5 only supported in performance-optimized FPGA
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Package Selection and I/O Vertical Migration Support

ProductLine A5D 010 A5D 025 A5D 031 A5D 051 A5D 064
Logic |KLEs 103 254 318 515 644
HVIO 60 60 60 60 60
HSIO (1.05V-1.3V) 384 384 384 384 384
GPIO 1.3V LVDS pairs @1.6Gbps 192 192 192 192 192
EEggé;PDDRM DDRS/ 4x-32b/2x-64b  4x-32b/2x-64b  Ax-32b[2x-64b  4x-32b/2x-64b | Ax-32b/2x-64b
MIPID-PHY 28 28 28 28 28
Package Code, Min Ball Pitch, Grid Array HVIO/HSIO/Transceivers
Pattern
B23A (23 mm x23 mm, 0.65 mm, 60/192/8 60/192/8 60/192/8
Variable Pitch BGA)
B32A(32 mm x 32 mm, 0.65 mm, 60/384/16 60/384/16 60/384/16 60/384/16 60/384/16
Variable Pitch BGA)
Table 11. Agilex 5 FPGA D-Series Package Migration and I/O Support
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