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FPGA Chips Used in Cloud FPGAs

• Different Cloud FPGA providers make various FPGAs available for remote access
• Major FPGA vendors are: Xilinx and Intel (Altera)
• Typically, Cloud FPGAs only provide 

one type of FPGA board available
• Directly develop designs in an HDL

or use High-Level Synthesis
• Server-to-FPGA communication

via PCIe
• “Shell” with cloud providers

modules, plus interfaces 
(AXI typically) to user’s logic

EENG 428 / ENAS 968 – Cloud FPGA
© Jakub Szefer, Fall 2019 3

Amazon AWS
Virtex UltraScale+ VU9P

Huawei Cloud
Virtex UltraScale+ VU9P

and Alveo

Baidu Cloud
Kintex UltraScale KU115

Alibaba F1 Cloud
Arria 10 GX 1150

Tencent Cloud
Kintex UltraScale KU115

Nimbix
Alveo

Alibaba F2 Cloud
Kintex UltraScale KU115

OVH
Arria 10 GX 1150

Microsoft Azure
Intel (Altera) Stratix V TACC

Intel (Altera) Stratix V
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Xilinx FPGA Families

Like most vendors, Xilinx offers a number of FPGA chips targeting different use-cases
• Xilinx 7 Series (28nm):

• Spartan-7 – low-end FPGAs, typically for embedded devices
• Artix-7 – low-end FPGAs, but with faster I/O
• Kintex-7 – low-power FPGAs
• Virtex-7 – “baseline” FPGA offering

• UltraScale (20nm):
• Kintex UltraScale and Virtex UltraScale – shrink node size, and include super logic regions 

(SLRs, i.e. multiple FPGA dies per chip)

• UltraScale+ (16nm):
• Kintex UltraScale+ and Virtex UltraScale+ – further shrink node size, 

• Other
• Zynq SoCs – include embedded Arm processor
• Alveo – data center accelerator cards, Virtex UltraScale+ with DRAM and other features
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Metrics for Comparing FPGAs

Main metrics to consider when comparing FPGAs are:
• Number of Look-Up Tables (LUTs)
• Size of LUTs, number of inputs
• Number of Flip-Flops
• Size of Block RAM storage

• Logic Cells – a meta-metric for trying to compare among different FPGA, accounting for 
different LUT sizes and LUT, Flip-Flop configurations

• Speed grade
• I/O resources
• Digital Signal Processing (DSP) blocks
• Other embedded Hard IP blocks or CPUs
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“Hard IP” are digital logic 
modules realized in the 

transistors, inside FPGA chip, 
they can’t be re-configured

“Soft IP” are digital logic 
modules that are realized in 

the FPGA fabric, often 
provided by the FPGA vendor

In Xilinx, a Configurable Logic Block (CLB) 
typically consists of two slices, each of 
which contains multiple LUTs and FFs

Higher # is faster, e.g., -1 is slowest and -3 is fastest
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Xilinx Configurable Logic Block

• Xilinx created the Advanced Silicon Modular Block (ASMBL) architecture instead of the 
textbook-style matrix-like arrangement of logic blocks

• AMBL is a column-style arrangement:

• SLICEL and SLICEM are part of Configurable Logic Block (CLBs)
• SLICEL has only logic
• SLICEM has logic plus it is able to store data using distributed RAM and shift data with 32-bit 

registers
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CLB Structure

• A CLB element contains a pair of slices, and each slice is composed of four 6-input LUTs
and eight flip-flops

• Every slice contains:
• Four LUTs
• Eight Flip-Flops
• Carry chains 
• (Shifters)
• (Distributed RAM)
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Either a 6-input LUT with one output, or 
as two 5-input LUTs with separate outputs

Carry chains bypass 
the switch matrices
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Spartan-7 FPGAs

• Spartan-7 are the lowest-end FPGAs in 7 Series
• Roughly half the Configurable Logic Blocs (CLBs) compared to Artix-7
• Block RAM in 100s of Kbits
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Artix-7 FPGAs

• Artix-7 are the low end FPGAs, but with better I/O and performance
• Roughly half to quarter fewer CLBs than Kintex-7
• Block RAM in 1~10 Mbits
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Kintex-7 FPGAs

• Kintex-7 are mainly aiming for low-power at high performance
• Less CLBs compared to Virtex-7
• Block RAM in 5~30 Mbits
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Virtex-7 FPGAs

• Virtex-7 are the “baseline” chips with very good performance
• Roughly 100K slices, 1M flip-flops, 20~50 Mbit Block RAM
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Zynq-7000 SoCs and Zynq with UltraScale+

• Zynq SoC combine an Arm
processor core with FPGA chip
all in one package

• PS is the Processing System,
the CPU

• PL is the Programmable Logic,
the FPGA

• Different versions combine
different CPUs with 
various sizes of FPGAs

• Zynq with UltraScale+ also
exists and provides a bigger
FPGA with the same benefit of
Arm processors
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Programming 7 Series FPGAs

• Vivado tools compile HLD hardware descriptions into bitstreams so they can be 
run on Xilinx devices

• Automatically optimize design
• Map memories to block RAMs
• Use fast carry chains where possible
• Pack logic into same LUT
• Etc.

• Users can also use Xilinx-specific modules in HLD to have greater control of how the 
hardware inside the FPGA is programmed

• E.g. LUT6_2, a six input, two output LUT
• E.g. BRAM_SINGLE_MACRO, a single 

ported Block RAM
• E.g. ROM64X1, 64 entry Read-Only 

Memory with 1-bit words
• E.g. PLLE2_BASE, a Phase Locked Loop block
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3D Integration and Super Logic Regions

• Many Xilinx (and other) FPGA vendors are moving to 3D integration

• In Xilinx, multiple smaller FPGA dies, Super 
Logic Regions, are placed on same interposer

• The smaller FPGA dies are connected by
Super Long Lines, effectively extending the
size of the columns in the FPGAs and connecting
CLBs from different dies
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UltraScale and UltraScale+ FPGAs
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Comparison of UltraScale and UltraScale+ Chips

• UltraScale and UltraScale+ provide bigger and faster FPGAs, leveraging mostly same 
basic CLB design as 7 Series devices

• UltraScale+ further adds features such as High Bandwidth Memory (HBM, DRAM on same chip) 
and UltraRam blocks
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SLRs and UltraScale and UltraScale+ Chips

• UltraScale and UltraScale+ chips use Super Logic Regions
• SLR size and number depends on the chip
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UltraScale and UltraScale+ Device Layout

• The devices follow column-style organization
• CLBs and other blocks are organized in columns
• Interconnection is done through routing matrix with

varying length wires

• The FPGA is divided into multiple clock regions
• Height of clock region equals 60 CLBs
• Clock regions are used to distribute clock signals

with minimal delay
• Support multiple clocks per region
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Some Features of UltraScale and UltraScale+ FPGAs

• Configurable Logic Block
• Follows the 7 Series design

• Configurable Logic Block (CLB) in the UltraScale architecture contains 8 LUTs and 16 flip-flops
• The LUTs can be configured as either one 6-input LUT with one output, or as two 5-input LUTs with 

separate outputs but common inputs
• Each LUT can optionally be registered in a flip-flop

• Interconnect
• Vertical and horizontal routing wires in the UltraScale architecture that span 1, 2, 4, 5, 12, 

or 16 CLBs
• Super Long Lines are used for crossing SLR boundaries

• UltraRAM
• Faster alternative to Block RAM
• Distributed in the FPGA fabric like Block RAM
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Virtex UltraScale+ VU9P

• Chip used in Amazon F1 and Huawei Cloud
• About 25,000$ per chip
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70,000$ on DigiKey, 
per chip



Share:
bit.ly/cloudfpga

Kintex UltraScale KU115

• Chip used in Baidu, Tencent, and Alibaba Clouds
• About 6,000$ per chip
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Alveo Cards

• Xilinx Alveo U200/U250/U280 Accelerator Cards
• Designed for data center acceleration
• Combine FPGA with DRAM chips on same PCB board
• 800,000 to 1,000,000 LUTs
• Thermal Design Power (TDP) of 225W
• Passive or active cooling
• Up to PCIe 4.0 and DDR4 and QSFP networking
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Summary

• Different Cloud FPGA vendors give access to different types of FPGAs
• Amazon F1 and many others use Xilinx
• Typically used FPGAs are high-end 

(but not biggest or fastest)
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Huawei Cloud
Virtex UltraScale+ VU9P

and Alveo

Baidu Cloud
Kintex UltraScale KU115

Alibaba F1 Cloud
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Tencent Cloud
Kintex UltraScale KU115
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Alveo
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