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Background Information
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History of the PoC-Library

Pile of Cores - Generic and optimized IP cores written in VHDL

Initially created by Thomas B. Preußer and Martin Zabel at

Chair of VLSI Design, Diagnostics and Architecture

Institute for Computer Engineering

TU Dresden, Germany

Maintained by Patrick Lehmann at https://github.com/VHDL

History:

o Since 2007 Collection of IP cores

o Since 2010 Transition to an IP core library

o Since 2015 Open-sourced under Apache License, 2.0

o Since 2017 Further internal Development at PLC2

o Since 2019 PLC2 internal PoC version used in (almost) all projects

o Since 2025 Publishing of enhancements and additions developed at PLC2

Background

https://github.com/VHDL
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Design Goals of PoC

Permissive license model

o Source Code: Apache License, 2.0

o Documentation: CC-BY 4.0

Using VHDL-2008 as far as supported by all major tools.

Efficient and resource-friendly implementations

Standard and generic IP core interfaces

Configurable IP cores (features, algorithms, resources, pipelining/timing)

Automatic and transparent selection of target-optimizations

(specialized implementations for major FPGA families are included)

Independence

Background
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Independencies

Vendor independence on the device vendor

⇒ Altera, Lattice, AMD, ...

Target independence on the device

⇒ FPGA or ASIC

Tool chain independence

⇒ for simulation and synthesis tool chains

Platform independence on the host system

⇒ Darwin, Linux or Windows

Background
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PoC v2.0.0 – A Restart
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Transition from v1.2.0 to v2.0.0

Forked PoC to https://github.com/VHDL/PoC

Uploaded enhancements (v1.3.0, v1.4.0, v2.0.0)

Run CI/CD on GitHub Actions using GHDL, NVC and OSVVM

Publish documentation at https://VHDL.github.io/PoC

No existing source code was degraded

Existing testbenches will be converted to OSVVM-based tests

All additions use the same platform abstraction techniques as before

PoC v2.0.0

https://github.com/VHDL/PoC
https://vhdl.github.io/PoC
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Synthesizers and Simulators

Previously, multiple synthesis and simulation tools were supported

All new enhancements are proven to work with:

o AMD Vivado

o Aldec Riviera-PRO

o Siemens QuestaSim

o GHDL and

o NVC

More testcases will be converted to OSVVM-based testbenches

More tools will be tested soon

PoC’s scripting solution IPCMI will be replaced by EDA²

PoC v2.0.0
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Changed and Removed Features

Xilinx ISE support (if needed use v1.2.0)
− ISE and PlanAhead specific scripting

− IP cores for FPGAs before Xilinx Spartan 7

− IP cores for FPGAs before Xilinx Virtex 7

− UCF constraint files

Removed support for some Altera boards
− Files for old Cyclone boards

− Files for old Stratix boards

Removed some embedded verification frameworks
− UVVM - removed

− Vunit - removed

− CoCoTB - under investigation

Bug Fixes
− Many ☺☺☺

Synchronizer Components
− Moved from PoC.misc.sync to PoC.sync namespace

− Fine tuned

PoC v2.0.0
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IP Core Overview
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Packages

Utilities

− is_simulation

− log2ceil

− bin2onehot, bin2gray, onehot2bin, gray2bin

− ite (if-then-else)

Vectors

− T_SLVV standard_logic_vector_vector

− T_SLM standard_logic_matrix

− Conversion functions and procedures

Physical

− Frequency and memory datatype

− Time to frequency and vice versa conversations

− timing_to_cycles

IP Core Overview
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Foundation I

Synchronizer (CDC)
− Vendor independent synchronizer

− Optimized for MTBF

− Inclusive timing constraints

− 1-bit vs. N-bits

− Flag vs. Strobe

On-Chip Memory – ocram/ocrom

− Vendor independent memory description (dist.-RAM, BlockRAM, UltraRAM, M**K, …)

− Initialize from memory files (*.mem, *.hex, *.mif)

− SP single port

− SPD simple-dual-port

− TDP true-dual-port

FIFO

− Generic FIFO

− CDC FIFO

− Glue (stage)

− Tempput / tempgot

IP Core Overview
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Foundation II

Gearbox

− Fixed clock gearbox up/down

− Related clock gearbox up/down

Communication

− CRC

− Scrambler

Data structures

− Double-ended queue

− Stack

Cache

− CPU cache

− Cache tag unit

− Cache replacement policy (LRU)

IP Core Overview
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Arithmetic

Arithmetic Modules

− Converter bin2bcd

− Wide adder

− PRNG

− Divider

− Scaler

− Square-root

− Barrel shifter

Sort and Sorting Networks

− LRU Cache

− LRU List

− Bitonic sort

− Odd-even-merge sort

Statistics

− Average

− Histogram

− Minimum, Maximum

IP Core Overview
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I/O and Networking

I/O

− DDRIO

− UART

− I²C - upcoming release

− SPI - upcoming release

− MDIO - upcoming release

− PMOD

− FrequencyCounter

− Debouncer / GlitchFilter

− PWM

− TimingCounter

Ethernet Network

− MAC

− ARP

− IPv4 / IPv6

− ICMPv4

− UDPv4 / UDPv6

− …

IP Core Overview
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AXI4, AXI4 - Lite and AXI4 - Stream Infrastructure

PLC2’s Contributions
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AXI4 Infrastructure

AXI4

− Package for datatypes

− FIFO (incl. Stage)

− CDC FIFO

− AXI4-Lite Adapter

− Terminations

AXI4-Lite

− FIFO

− CDC FIFO

− Generic Register

− OSVVM Adapter

− Terminations

AXI4-Stream

− FIFO and FIFO variants

− CDC FIFO

− Stage

− Multiplexer / Demultiplexer

PLC2’s Contributions
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Design Goals

− AXI4-Lite interface

− Support 32-bit and 64-bit registers

− Easy and flexible interface between software and hardware

− VHDL code is the single source of truth for describing the register layout

• Provided register-description via generic

• Export register configuration as YAML at synthesis elaboration time. (planned, currently CSV format)

• Convert YAML to C or C++ structs (e.g. via Python)

• Describe registers via VHDL constructs (if-then-else, loop, function, generics, …) 

− Interrupt capable

AXI4 - Lite Register
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Features (Register Modes)

− Read-only register

− Read/write register

− Constant value
• Creates a read-only register with a constant value out of the config's Init_Value- field

− Read-only and Read/Write not-registered

• Bypasses the internal register and gives direct access to the read/write mux/demux

• Useful for send or receive FIFOs

− Latch-Value/Latch-High-Bit/Latch-Low-Bit

• Latches either a full value, a high-bit or a low-bit into the register and prohibits changes until cleared from AXI4Lite-interface

• Clear on read / clear on write

AXI4 - Lite Register
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Ports

Common

− Clock Clock signal

− Reset Synchronous, high-active reset

Software interface: AXI4Lite

− AXI4Lite_m2s Manager to Subordinate

− AXI4Lite_s2m Subordinate to Manager

− AXI4Lite_irq Interrupt request

Hardware interface

− WritePort Two-dimensional vector to provide the write data from PL to the internal register.

− WritePort_hit One-hot encoded vector to show that a written data was read out from AXI4Lite interface.

− WritePort_strobe One-hot encoded vector to write data from WritePort into internal register.

− ReadPort Two-dimensional vector of data of the internal register to be used in PL.

− ReadPort_hit One-hot encoded vector to indicate a change of the ReadPort-data (write from AXI4Lite interface).

AXI4 - Lite Register
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• Use function to_AXI4_Register to construct a single entry:

Register Configuration Vector

AXI4 - Lite Register
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Multiple 32-Bit Configuration Register Example

AXI4 - Lite Register
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Releases towards v3.0.0
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AXI4-Lite IP Cores:

− axi4lite_DRP_Bridge

− axi4lite_GitVersionRegister (incl. xil_DNAPort)

− axi4lite_HighResolutionClock

− axi4lite_OCRAM_Adapter

− axi4lite_UART

Contributions:

− Bugfixes, enhancements and new IP Cores from PLC2

− OSVVM testbenches for legacy IP cores from @gmartina

AXI4 - Lite IP Cores
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AXI UART Lite Example

Config:

Used features:

− Read fall-through register

− Write fall-through register

− Read-only register

− Read/Write register

AXI4 - Lite IP Cores
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Next Steps
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Tests, Tests, Tests

− Translate more legacy testcases to revised OSVVM testcases

− Add more testcases

Documentation

− Restructure and rewrite documentation

− Update with new components

− Integrate OSVVM simulation reports

(EDA² OSVVM, Reports and UCIS)

Toolchains

− Retest PoC with other tools (Quartus, Diamond, …)

Refactor and Simplify Interfaces (v3.0)

− Apply VHDL style guide (VSG)

− I²C, SPI, MDIO, …

More uploads

− AXI4 multiplexer and demultiplexer

Next Steps
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