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Outline

• Digital circuits: combinational, sequential and synchronous logic


• FPGA hardware - Xilinx devices as an example


• How to design

Only 2 have worked on > 10 FPGA project

Most : 0 and 1
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Field Programmable Gate Array
Gate? Gate Array? Field Programmable?

• Data => bits; Boolean algebra => bit operations

• Logic gates are basic build blocks of Boolean expressions (AND, OR, NAND, 

XOR….)

• Digital circuits: electrical circuits where I/O voltages (rarely current) take only 2 

values (high and low) ,so representing bits

• Gates are circuits implementing logic gates 

• Digital circuits + gates => combinational logic                                                          

(electric/electronic circuits implementing boolean logic)

• FPGA: plenty of gates (array in a broader sense)

• No function at the power up: FPGA must be programmed 
• Program vs. Configure

NAND GATE
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Combinational Logic
Basic gates in modern FPGA

nn = in_0 * weight_0 + in_1 * weight_1 + bias

Output is only function of inputs 
(memory-less)

Look-up Tables

Xilinx - UltraScale Architecture Configurable Logic Block User Guide (UG574)

Others combinational building blocks: MUX and Carry Logic 

4



Add memory

• Sequential logic: output function of 
inputs as internal state (~memory 
of past input)


• Memory component: flip flop 


• Clock signal


• Full synchronous design -> FPGA

Sequential logic and synchronous design
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Latency - Throughput

• Latency: timing from inputs to 
outputs


• In clock cycles


• Absolute time (clock-cycles  * 
clock-period)


• Throughput: outputs in the time 
unit


• number of output data per 
clock-cycles
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Pipelining
What about latency and throughput?

I(0) * W(0) + I(1) * W(1) + B 

S(0) = I(0) * W(0) 

S(1) = I(1) * W(1)  S(0)+S(1)+B
Initiation Interval:


How many clock cycles 
between 2 


distinct inputs?
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Feedback and parallelising
Initiation interval - (loop unrolling)

S(0) = I(0) * W(0) 

S(1) = I(1) * W(1)  S(0)+S(1)+B

Initiation Interval:

How many clock cycles 

between 2 

distinct inputs?

S(i) = I(i) * W(i)  S(0)+S(1)+B

Remember S(i-1) 
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Configurable Logic Block
LUT, MUX, Carry Logic, Flipflops

Program FPGA

means


configure gates (f.i. LUTs) and 

enable selected connections 
among gates and elements
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Memory and processing
Hard silicon resources

Several kind of RAMs;


• BRAM


• Distributed RAM


• Ultra RAM


• FIFOs

Digital signal processing slices

XILINX Ultrascale DSP slice
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Input/Output Interface

• Configure I/O: map design I/O on physical chip pins (depends on PCB design, 
chip package)


• Several electrical standard are compatible (LVCMOS, LVDS, …)


• High speed transceivers (up to tenth of Gbit/s) to interface:


• Fast busses (PCIe, …)


• Optical driver/receiver


• High bandwidth memory (DDRx, HBMx)
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Xilinx Families
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Xilinx Virtex Ultrascale+
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System on Chip

• PS: complete configurable and 
autonomous processing 
system


• Running custom sw app 
(even Linux!)


• PL (called Fabric)


• Custom peripheral IF


• Accelerators


• …


• Connected via AXI busses
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Put them in action
Ad-hoc board, Evaluation & Kits, System on Modules 

ATLAS IBL Read Out Driver

Form factor: VME 9U 


Xilinx Fpga: 1 Virtex-5 - 2 Spartan 6
Xilinx Kria System-on-Modules

Zynq UltraScale+ RFSoC ZCU216 Evaluation Kit

Avnet MInized - Zynq 700016



Classification by location
Edge, on premise, on cloud
• Edge Computing : move processing close to data “producers”, typically sensors, IoT, …


• On premise: dedicated resources on proprietary servers (es: FPGA accelerators)


• On cloud: dedicated resources accessible through cloud computing (e.g. Amazon AWS)

Edge Devices

On premise/cloudComputing power

Storage


Connectivity

Cost

Latency


Data locality (privacy issues)

Ultra96 Avnet - Zynq
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Persistent vs. Volatile programming
Technology dependent behaviour

• AMD/Xilinx and Intel are SRAM-based: not programmed at the power on


• Often there’s a companion non-volatile memory to speed-up programming 
the FPGA at the switch on


• Other technologies can have persistent programming - best suited for specific 
applications (e.g. rad-hard)


• Microchip (formerly Actel): flash-based


• Fuse/Antifuse (eg. Quicklogic)
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• Digital circuits: combinational, sequential and synchronous logic


• FPGA hardware - Xilinx devices as an example


• How to design

19



Traditional design strategy

• Describe algorithms with an Hardware Description Language (VHDL, 
Verilog)


• Behavioural simulation


• Synthesise (convert description in basic logic elements - gates, 
memories, DSP, …)


• Place & Route driven by constraints


• Place: map logic elements to the chosen FPGA 


• Route: enable/disable connections to route signal between logic 
elements


• Create programming file


• Load programming file to FPGA
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IP cores
Intellectual Property

• Reusable code


• Can be used as a “black box"


• Can be encrypted


• Xilinx provides a GUI (IP 
integrator) as a schematic 
editor for IP-based designs
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High level synthesis
In a glance

A subset of C/C++ 


with synthesis directives


vadd: for(int i = 0; i < len; i++) { 

#pragma HLS PIPELINE 

c[i] = a[i] + b[i];

}


Focus on:


• Loops (pipelining, unrolling)


• Arrays (memories)


• Arbitrary precision data types 
(Integer and fixed-points)

Parallelism and pipelining
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Accelerators and platforms
Based on dynamic programming
• "For AMD Xilinx accelerator cards on premises or in the cloud, the Vitis target platform 

automatically configures the PCIe interfaces that connect and manage communication 
between your FPGA accelerators and x86 application code—you don’t need to implement 
any connection details!”
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Overlays
From PYNQ_Workshop for v2.6 - AMD/Xilinx University Program 
https://github.com/Xilinx/PYNQ_Workshop

https://github.com/Xilinx/PYNQ_Workshop

