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Background Korokko

* Low-latency FPGA communication for FPGA clusters

* e.g., real-time backend systems for quantum error correction
» Standard protocol: Ethernet, Interlaken, etc.
» Lightweight serial protocols: Aurora(AMD), SerialLite(Altera)

* Limited portability and extensibility

¢ "Kyokko”:
a vendor-independent high-speed serial communication controller
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Kyokko Kyokko

https://github.com/debugordie/kyokko
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Latency evaluation @ 10 Gbps
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Gearbox operation

Asynchronous Gearbox

Synchronous Gearbox
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Motivation

e Trends in modern FPGA transceivers

Vendor Family Transceiver NRZ PAM4 Async
UltraScale ~ |GTH 116G —  Yes
AMD U\traScae+ ___________________ G TYSZG __________________ o Y@S ________________________
\Versa| GTYPSZG __________________ o YeS ________________________
GTM 229G 116G |No
Stratix 10 E-tile 29G B8G |No
Altera |+ e R o e
Agilex F-tile 58G 116G |NoO

* EXxisting Kyokko: requires an asynchronous gearbox
* Challenge in Kyokko2: support for synchronous gearbox operation
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Kyokko architecture . o
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TX interface

TX '
Transceiver
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RX interface
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RX control

Eliminates CDC
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From asvnc to sync gearbox

Kyokko
Kyokko
» Assumed asynchronous gearbox operation v Indicates valid data cycles
* Continuous TX streaming FPGA
(- )
Kyokko?2 T . | | &
— %5 e o x Jed 8
* Synchronous gearbox support > Scrambler <3
D control o
* Invalid cycle handling — é > o ’ D
— Kyokko?2 2
* Added control e
DATA
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Kvokko2 architecture

BXDATA| [ |De- Async o OATA
scrambler FIFO RX AXIS
.y E RXCLK RXx state I CH UP
— O FSM s
— - i RX control
O TXCLK
=
RX QS - TX control
L LS 2
C
L
» TYXDATA Scrambler 4' TX AXIS RSB La
. — |
Transceiver User logic
side side

Bzt

SKumamoto University ]

—~\



I.lm

valid cycle-aware TX control . o
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H

ardware implementation Krokko
FPGA board: Alinx AXKU042 (AMD Kintex Ultrascale XCKU040)

.......................................

Kyokko?2

£1

@ Kumamoto University 12

i



I.lw

Simulation results with Aurora 64B/66B ...

v" Successful link establishment and data transfer
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Future work Krokko

e Support more transceivers

« AMD GTYP/GTM
* Altera E-tile / F-tile

* Add a portable 64B/66B gearbox in Kyokko?2, for support of F-tile and
more transceivers
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Conclusion

4
Kyokko

* Developed synchronous gearbox-compatible Kyokko2
* Kyokko redesign for invalid gearbox cycles

» Successful Aurora interoperability in simulation
* Link establishment
* Data transfer

* Future support for GTYP/GTM and Altera F-tile
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