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• Memory wall issue 
• Memory performance development: 

much slower than processor 
• Memory performance is a primary 

factor in system performance  

• High performance MC IP 
• XiangShan processor development  

• Core-L1-L2-L3 Cache is evolving rapidly 

• Open-Source MC is still dumb 
• Cannot meet demand of processor 
• Lack of joint optimization and innovation 

MC L3 External 
Memory 

System On 
Chip 

xbar SoC bus 

The Performance Gap between Processor and Memory,  
Starting with 1980 performance as a baseline  [1] 

[1] HENNESSY J L, PATTERSON D A. Computer architecture: A quantitative approach[M]. 6th ed: Page 80,  Figure2.2.  



• ➊ Commercial MC: licenses are 
monopolized, hindering 
independent development 

• Expensive: one-time DDR5 license fee 
near 1 Million$ 

• Hundreds of configurable parameters: 
difficult to explore optimization space 

 
 

• ➋ Open-source High-
performance MC IP: limited 
function and performance, not 
tape-out ready 

• LiteDRAM[1]：only support 1250MT/s, DDR3 

• OPRECOMP[2] ：only support single burst 
request，DDR4-1600 

• OpenDRAM[3] ：binding with Xilinx PHY 
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[1] https://github.com/enjoy-digital/litedram 
[2] https://github.com/oprecomp/oprecomp 
[3] https://github.com/FanosResearch/OpenDRAM 
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• Design requirements and considerations 
• Adaptive to different memory scenarios 

➊ Multi-frequency support，DDR4-1600/2400/3200 

➋ Compatibility with various modules and DRAM chips 

➌ Support for multiple interface/pin configurations 

➍ Optimized background operations 

➎ Basic read/write functions & advanced features 

➏ Compatibility with PHYs from multiple vendors 

➐ Support for multiple high-speed interconnect buses 
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parameterized & 
configurable MC 

modular decomposition 
and reuse 

Advanced features : 
dynamic refresh, schedule, 

cache and prefetch. 

supports bus protocols such 
as DFIx and AXI4. 
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•

Memory Controller (Baiyang IP) 
 
 
 
 
 
 
 
 
 
 

AXI2UI 

Addr 
Map 

Filter 

System Cache  

Advanced 
Scheduler 

SDRAM 
Command 
Generator 

Parameter Configuration 

Parameter configuration 
• Supports different DDR 

modules and frequencies 

Controller Modules 
• Decoupling DDR timing 

parameters from controller 
functionality 

Rich functionality 
• Advanced and configurable 

features: dynamic refresh, 
scheduling, cache, prefetch 

https://github.com/OpenXiangShan/YuQuan 



Functional and performance testing 
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• Functionality: integrated with Xiangshan 
Kunminghu core in Palladium verification 
environment, successfully boots Linux 

• Performance: integrated Xiangshan 
Kunminghu core achieves SPEC CPU2006 
score 14/GHz, approaching the performance 
level of commercial MC IP 
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•
• Compatible with DDR3 
• Compliant with DFI 2.1 protocol 

•

•
• Trace-based memory controller simulation and FPGA verification 
• Scaling on multi-core CPU system 
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2026.1.30 2026.3.1 2026.6.30 Open-source 
RoadMap 

Open Baiyang IP (DFI 
IF)/Simulator 

Open FPGA platform with Xilinx 
MIG PHY 

More MC tools  

https://github.com/OpenXiangShan/YuQuan 



More info:  
https://github.com/OpenXiangShan/YuQuan 


