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CDCs, FIFOs and Width Converters
How to Combine Building Blocks
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Agenda
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About Open Logic

● It’s for HDL what STDLIB is for C/C++
● Provides Reusable Basic Elements

• CDCs, FIFOs, Width Converters, Delay-Lines, CAM, …
• SPI, I2C, AXI, …
• Fixed-Point Mathematics

● It is not Open Cores
• Not providing IP cores … but supporting you developing them!

● Focus on Quality, Documentation,
Proper CI, Vendor Independence, VHDL/Verilog

● Free Open Source ALMOST free if you donate 5$ a month...
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Before We Dive In

● Time is Limited
● This Presentation is  about “How to Combine”
• … not about “How it is built”

● Refer to the Documentation for
• Details
• Exact Interface Descriptions
• Architecture

● Documentation:
https://github.com/open-logic/open-logic/blob/main/doc/EntityList.md
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Synchronous FIFO
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Synchronous FIFO

● AXI4-Stream Handshaking
● Latency 2
● In/Out_Level
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Asynchronous FIFO

● Entity Similar to Sync FIFO
• Two Clocks
● Status Signals for both Domains

● Optimize for Speed or Latency
● Usually most Ports Omitted
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Packet FIFO

● Basic Operation
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Packet FIFO

● Dropping
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Packet FIFO

● Skipping
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Packet FIFO

● Repeating
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Integer Downsize: xN to N

● Basic Operation
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Integer Downsize: xN to N

● Packet End Handling
● Word Enables
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Integer Upsize: N to xN

● Basic Operation
● Packet End Handling
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Arbitrary: N to M

● Example 8-bit to 7-bit (downsize)
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Arbitrary: N to M

● Example 7-bit to 8-bit (upsize)
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Individual Bits Clock Crossing

● The basis for all other Clock Crossings
● Scoped Constraints for Vivado

● max_delay <faster-clock-period> for other Tools

● Configurable Number of Sync Stages
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Reset Clock Crossing

● Ensures both sides in Reset
• For one Cycle
• At the same Time

● Part of many Clock Crossings
• Look out for Xxx_RstOut Ports
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Clock Crossing Selection
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Combinations

● Where is the Asymmetric FIFO?
• Optimize for Throughput?

Burst
Capable

4 BRAM18
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Combinations

● Where is the Asymmetric FIFO?
• Optimize for Resources?

1 BRAM18

12.5% Duty
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Combinations

● Where is the Asymmetric FIFO?
• Is it Asynchronous?
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Combinations

● Where is the Double-Width/Half-Clock
• Clocks from the Same Source?
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Combinations

● Where is the Double-Width/Half-Clock
• Asynchronous Clocks?
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Combinations

● Where is the Gearbox?
• E.g. 7:8 Gearbox
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Combinations

● The Open Logic Aproach
• Open Logic provides the Basic Elements
• You combine them as Needed

● The Upside
• Limited number of Entities
• Easy to Understand
• Flexible for Optimization

● The Downside
• You need you Brain
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Call to Action

● Use Open Logic
• Get it from GitHub (https://github.com/open-logic/open-logic)

• Or through FuseSoc (https://github.com/fusesoc/fusesoc-cores)

● Inform yourself
• Documentation on GitHub
• YouTube Channel (https://www.youtube.com/@OpenLogicFPGA)

● Spread the Word
• Let your Friends know
• (Re-)post on LinkedIn

https://github.com/open-logic/open-logic
https://github.com/open-logic/open-logic
https://github.com/open-logic/open-logic
https://github.com/open-logic/open-logic
https://github.com/open-logic/open-logic
https://github.com/fusesoc/fusesoc-cores
https://github.com/fusesoc/fusesoc-cores
https://github.com/fusesoc/fusesoc-cores
https://www.youtube.com/@OpenLogicFPGA
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Call to Action

● Contribute
• Report / Feature Requests
• Contribute Code

● Donate
• GitHub Sponsors

● Give it a Star on GitHub
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Kudos and Sneak Peek

● What’s next in Open Logic?
• More DSP Elements (FIR, NCO, Approximations, ...)
• Fault Tolerance (ECC for Streams, ECC RAMs)

● Kudos to:

• VUnit (https://github.com/VUnit/vunit)

• GHDL (https://github.com/ghdl/ghdl)

• NVC (https://github.com/nickg/nvc)

• VSG (https://github.com/jeremiah-c-leary/vhdl-style-guide)

• WaveDrom (https://github.com/wavedrom/wavedrom)

https://github.com/VUnit/vunit
https://github.com/ghdl/ghdl
https://github.com/nickg/nvc
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/jeremiah-c-leary/vhdl-style-guide
https://github.com/wavedrom/wavedrom
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Thank You!
Questions?
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