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Unlocking the Power of the Arria 10 FPGA Dev Kit: A Deep Dive into the
Schematic and Altera Architecture

In the world of programmable logic, the Arria 10 family from Intel (formerly Altera) stands out for its blend of high
performance, low power, and rich 1/O capabilities. Engineers and hobbyists alike rely on the Arria 10 FPGA
Development Kit to prototype complex designs, validate new concepts, and accelerate time to market. Yet, to truly
harness the potential of this platform, one must understand its schematic in depth. This article walks you through
the Arria 10 dev kit schematic, explains the key Altera components, and offers practical guidance on navigating the
board layout, power rails, and signal integrity considerations.

1.The Arria 10 FPGA: An Overview

The Arria 10 is a mid range FPGA family that delivers a compelling mix of logic density, embedded DSP blocks, and
high speed serial transceivers. Built on a 14 nm process, it offers up to 1.2 M logic elements, 1,000+ DSP slices, and
24 Gbhps transceivers per device. This makes it ideal for applications ranging from 5G base stations and automotive
radar to data center acceleration and machine learning inference.

Key features include:

e High speed serial interfaces: 48 /Gbps transceivers with flexible lane configurations.

e Low power modes: Dynamic power gating and power down states reduce energy consumption.

¢ Rich I/0O ecosystems: PCle Gen3, 12.5 /Gbps DDR4, and multi protocol SERDES support.

e Embedded memory and DSP: 2 /Gb of embedded SRAM and 1,000+ 48 bit DSP blocks.

¢ Robust design tools: Intel Quartus Prime, ModelSim, and Platform Designer for system integration.

When paired with the Arria 10 FPGA Development Kit, these capabilities are immediately accessible, allowing
developers to focus on logic rather than board level details.

2.The Arria 10 Dev Kit: Hardware Highlights

The development kit is engineered to showcase the Arria 10’s versatility. It typically includes:

Arria 10 GX or GX E FPGA: The core programmable logic.

DDR4 memory modules: 8 /Gb or 16 /Gb chips for high bandwidth data storage.

PCle Gen3 x4 slot: For rapid host board communication.

Multi protocol transceivers: 4 lane 10 /GbE, 8 lane 25 /GbE, and 12 lane 50 /GbE options.
USB to UART bridge: For serial console access.

Power supplies: 12 /V, 5 /V, 3.3 /V, and 1.2 /V rails with dedicated regulators.

On board oscillators: 100 /MHz and 200 /MHz reference clocks.

8. Expansion headers: For custom mezzanine cards and prototyping.
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Understanding the schematic of this kit is essential for troubleshooting, custom board design, and optimizing signal
integrity.

3. Decoding the Schematic: Key Blocks and Their Functions



3.1 FPGA Core and Package

The central block is the Arria 10 GXFPGA. In the schematic, it's represented as a large rectangle labeled
“ARRIA10_GX" or similar. The package pinout is shown with pin numbers, functional names, and reference
designators. Pay attention to:

¢ 10 pins: Labeled as 10_LxP_y and IO_LxN_y for differential pairs.
e Power pins: VCCIO for I/O banks and VCCQ for core logic.
e Clock inputs: REFCLK and PLLREFCLK for transceiver reference clocks.

3.2 Power Management

Power rails are meticulously routed to maintain low noise. The schematic shows:

e Linear regulators: LDOs providing 1.2 /V for the FPGA core.

e Switching regulators: Buck converters for 3.3 /V and 5 /V rails.

¢ Decoupling capacitors: Ceramic and tantalum capacitors placed close to each pin.
e Protection devices: TVS diodes guarding against ESD.

Proper power sequencing, indicated by VCCQ_EN and VCCIO_EN signals, ensures the FPGA starts up safely.

3.3 Clock Distribution

Clocking is critical for high speed transceivers. The schematic illustrates:

¢ Reference oscillators: 100 /MHz and 200 /MHz crystals.

¢ Clock buffers: IBUFDS and BUFG for fan out.

e PLL and MMCM blocks: For frequency multiplication and jitter reduction.

» Transceiver reference clocks: Dedicated 125 /MHz clocks for 10 /GbE lanes.

3.4 1/0 Banks and Transceivers

The Arria 10 uses 22 1/0O banks, each supporting different voltage levels (1.2 /V, 1.5 /V, 1.8 /V). In the schematic, banks
are grouped with their associated VCCIO supplies. Transceivers are shown as separate blocks labeled GTX or
GTH, with inputs/outputs tied to the FPGA pins.

3.5 Expansion Headers and Mezzanine Interfaces

Custom mezzanine cards plug into the board via high pin count headers. The schematic lists each header, pin
functions, and optional signal conditioning components (e.g., equalizers, level shifters). This section is vital when
integrating external PHYs or custom interfaces.

3.6 On board Peripherals

Peripherals such as the USB to UART bridge, LEDs, push buttons, and temperature sensors are depicted with their
control signals. These are useful for debugging and status monitoring during development.

4. Interpreting the Schematic: Practical Tips

Reading a complex FPGA dev kit schematic can be daunting. Here are some strategies to simplify the process:

« Start with the core: Identify the FPGA and trace its power, clock, and 1/O pins.

e Use color coding: Many schematics color code power rails, clocks, and signal groups.

Follow the data path: From the source (e.g., DDR4, transceiver) to the FPGA pin, then to the peripheral.
Check the datasheet: Cross reference pin functions with the Arria 10 datasheet for confirmation.

Look for test points: These are handy for probing with an oscilloscope or logic analyzer.



When in doubt, consult the design notes or reference design documentation that often accompany the schematic.

5. Design Flow for Arria 10 Projects

5.1 Hardware Setup

Before diving into logic design, set up the dev kit:
1. Install the Intel Quartus Prime software, selecting the Arria 10 family.
2. Connect the board to a host PC via USB or PCle.
3. Verify the power supply and clock sources using the on board LEDs.
4. Upload a simple “Hello World” design to confirm communication.

5.2 Schematic Integration

While Quartus handles the FPGA logic, the schematic is crucial for board level validation. Use a PCB design tool
(e.g., Altium Designer, KiCad) to import the schematic and generate a netlist. Verify that:

e All power nets are correctly connected and decoupled.

* Clock nets have sufficient drive strength.

e Signal integrity checks (eye diagrams, S parameters) pass for high speed lanes.
5.3 Simulation and Verification

Simulate the FPGA logic with ModelSim or QuestaSim. For hardware in the loop testing, use the dev kit’s built in logic
analyzer or an external probe.

5.4 Deployment

Once verified, program the FPGA using the Quartus Programmer. Monitor the board’s status LEDs and use the
on board UART for serial output. For production, replace the dev kit with a custom PCB that incorporates the
Arria 10 core and necessary peripherals.

6. Common Challenges and Troubleshooting

6.1 Power Related Issues

Voltage droop or insufficient decoupling can cause logic errors. Check the power rails with a multimeter and ensure
all capacitors are placed within 2 /cm of the FPGA pins.

6.2 Clock Jitter

High jitter degrades transceiver performance. Verify that reference oscillators are properly mounted and that PLL/
MMLC settings match the datasheet recommendations.

6.3 Signal Integrity on High Speed Lanes

Impedance mismatches can lead to reflections. Use the schematic’s trace width and spacing guidelines, and
consider adding series termination or differential pair equalizers if necessary.

6.4 1/0 Bank Mismatch

Connecting a 1.8 V signal to a 1.2 V bank can damage the FPGA. Double check the 1/0 bank assignments in the
schematic and the Quartus constraints file.

7. Extending the Dev Kit: Mezzanine and Custom Boards

The Arria 10 dev kit's expansion headers allow developers to attach mezzanine cards for specialized functions:
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