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主要内容

•SapphireSOC Features
•在IPM里自定义SOC IP
•SapphireSOC 软件开发环境搭建
•SapphireSOC 软硬件开发实例



SapphireSOC 

——Features



SapphireSOC Core Block Diagram
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SapphireSOC Core Feature
• VexRiscv processor with 5 pipeline stages (fetch, decode, execute, memory, and write 

back), interrupts and exception handling with machine mode
• Up to 1.05DMIPS/MHz (Dhrystone)
• 20 - 400 MHz system clock frequency
• 4 - 512 KB on-chip RAM with boot loader for SPI flash
• Memory controller for DDR or HyperRAM memories

• Supports memory module sizes from 4 MB to 3.5 GB
• User-configurable external memory bus frequency
• 1 half duplex AXI3 interface (up to a 256-bit) to communicate with the external memory
• 400 MHz DDR clock frequency, 800 Mbps
• 200 MHz HyperRAM clock frequency, 400 Mbps

• Up to 2 AXI master channels for user logic SapphireSOC Core Feature
• 1 AXI slave channel to user logic



SapphireSOC Core Feature
• Includes a floating point unit
• Includes an optional Linux memory management unit
• Includes a custom instruction interface with 1,024 IDs to perform different 

functions
• Supports optional RISC-V extensions such as atomic and compressed
• APB3 peripherals:

• Up to 32 GPIOs
• Up to 3 I2C masters
• Clint timer
• PLIC
• Up to 3 SPI masters with a maximum clock frequency of 25 MHz
• Up to 3 user timers
• Up to 3 UARTs with 115,200 baud



配置 VS 参考资源 – 钛金FPGA



配置 VS 参考资源 – Trion FPGA



SapphireSOC 

——在IPM里配置SOC IP



SapphireSOC IPM

• 安装Efinity 2021.2.323.1.8 
• https://pan.baidu.com/s/1Pre8xNGhYez6yzLI

9IGiYA?pwd=1234 

• 安装Java JRE 8
• https://pan.baidu.com/s/1YcJPO55m8mf3R-

l8-5FdPg?pwd=1234  



SapphireSOC IPM



SapphireSOC IPM - SoC Tab



SapphireSOC IPM - Cache/Memory Tab



SapphireSOC IPM – Debug Tab



SapphireSOC IPM – UART/SPITab 



SapphireSOC IPM –I2C/GPIO Tab 



SapphireSOC IPM – APB3 Tab 



SapphireSOC IPM – AXI4 Tab 



SapphireSOC IPM – User Interrupt 



SapphireSOC IPM – User Timer Tab



SapphireSOC IPM – Base Address Tab



SapphireSOC IPM – 定义mysoc

• 主频：50MHz
• OCR ：8KB
• Debug：SoftTAP
• UART：Enable UART 0
• SPI：Enable SPI 0
• I2C：Disable All

• GPIO ： Bit Width = 4
• APB3 ： Disable
• AXI4：  Enable AXI slave
                 Disable All AXI Masters
• Interrupt：Enable Interrupt 0
• User Timer：Disable All 

• 其他保持默认



SapphireSOC IPM – 生成IP

• <Project>/embedded_sw文件夹
• 对应配置的嵌入式软件开发包

• <Project>/IP/<SoC module>文件夹
• 对应配置的SOC模块代码和开发板的完整示例工程



<Project>/IP/<SoC module>文件夹



<Project>/embedded_sw文件夹



SapphireSOC IPM – 编译硬件工程
• T120F324 Devkit示例工程编译结果



SapphireSOC 

——软件开发环境搭建



准备工作

• 安装Efinity 2021.2.323.1.8 
• https://pan.baidu.com/s/1Pre8xNGhYez6yzLI9IGiYA?pwd=1234 

• 安装Java JRE 8
• https://pan.baidu.com/s/1YcJPO55m8mf3R-l8-5FdPg?pwd=1234  

• 安装SDK 1.4
• https://pan.baidu.com/s/1-EpVn9OAYUD_r0XBbQgMPw?pwd=1234



软件开发环境搭建

• 参照《Sapphire RISC-V SoC Hardware and Software User Guide》第5章到第
7章

• Eclipse 工作环境设置
• 新建工程
• 导入项目设置信息
• 设置debug编译开关
• 第一次编译
• 导入debug配置信息
• 调整debug配置信息



SapphireSOC 

——软硬件开发实例



准备工作

• T120F324BBA Devkit一套
• Elites-232DL电缆一根
• USB串口电缆一根



T120F324 Devkit串口连接



T120F324 Devkit softTAP连接



使用OPEN OCD进行Debug



修改Bootloader常见操作
• 修改APP运行(DDR3)地址

• USER_SOFTWARE_MEMORY

• 修改APP在FLASH的存储地址
• USER_SOFTWARE_FLASH

• 修改APP的大小
• USER_SOFTWARE_SIZE



制作自己的Bootloader

• 修改APP在FLASH的存储地址
• 0x380000->0x500000

• 修改APP运行(DDR3)地址
• 0x00001000->0x00008000

• 编译bootloader工程，生成bootloader工程的bin文件
• 使用tool/binGen.py生成OCR初始化bin文件
• 将生成的OCR初始化文件覆盖硬件工程目录下的bin文件
• 重新编译FPGA硬件工程



修改APP运行地址和APP程序大小限制
• 修改APP运行地址

• ORIGIN = 0x00001000 => 0x00008000

• 修改APP程序大小限制
• LENGTH = 124K（默认）

• 重新编译AXI4Demo



合并FPGA bitstream 和 软件APP bin



使用Programmer烧写FLASH

手动复位FPGA



Bootloader/APP 和RISCV运行



The End
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