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Design of a heterogeneous dual core microcontroller based on DSP and ARM

Tang Junlong, Ai Chengwei, Li Zhentao
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Abstract: Heterogeneous multi-core processors represent a significant trend in modern processor design. By integrating different types of
cores, they can handle diverse computing tasks more efficiently, meeting the differentiated performance and efficiency requirements of
various application scenarios. To address the bottlenecks of traditional single-core processors in collaborative tasks involving signal
processing, real-time control, and human-machine interaction, this paper presents the design and implementation of a heterogeneous dual-
core microcontroller based on a DSP+ARM architecture. The system aims to integrate the DSP's high-efficiency data processing capabilities
with the ARM Cortex-M3' s superior transaction management, interrupt response, and communication control features, forming a
complementary master-slave dual-core architecture. On the hardware front, the system integrates a custom C-DSP, an ARM Cortex-M3,
dual-core shared memory, clock management, and an AHB/APB bus matrix. A dedicated Inter-Processor Communication ( IPC) module
facilitates rapid interrupt handling and handshake between the cores via bidirectional independent signaling paths and register banks,
eliminating the need for external SPI connections. The software adopts a “ ARM-master, DSP-slave” collaboration mechanism: the ARM
first configures the clock and interrupt vectors before triggering DSP startup via IPC. It then writes data blocks to the shared RAM and
transfers access rights. Upon completing computations, the DSP writes results back to the shared RAM and sends an ACK signal, which the
ARM reads and verifies. Simulation is conducted in the CCS environment with dual-core project configuration, while RTL code is co-
simulated using nc-verilog. Operating at 150 MHz (DSP) and 100 MHz ( ARM), the system successfully passed instruction set and
functional tests. Experimental results demonstrate that the heterogeneous MCU achieves correct data exchange and collaborative computation
with low inter-core communication latency and strong data consistency, verifying the architecture’s feasibility and stability. Currently
progressing into the backend physical optimization phase, this design offers an efficient, flexible, and low-cost chip-level solution for
embedded applications, indicating strong potential for engineering deployment.
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Shared memory memory mapping

ARM i #% Huhk ( Btttk 0x2001) Sx RAM 144 K//kB C-DSP {illffwF b1k ( 31 HE 0x0000)
0000~ 1FFF SO RAM 8 0000~ 1FFF
2000-3FFF S1 RAM 8 2000-3FFF
4000-5FFF S2 RAM 8 4000-5FFF
6000~7FFF S3 RAM 8 6000~7FFF
8000-9FFF S4 RAM 8 8000-9FFF
A000-BFFF S5 RAM 8 A000-BFFF
C000-DFFF S6 RAM 8 C000-DFFF
E000-FFFF S7 RAM 8 E000-FFFF
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