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Abstract 

This is to present our recent work with Exida, to certify our interleaved RISC-V design for ASIL-D, which delivers much 

higher performance efficiency with smaller silicon area and consuming much less power. This design is further utilized inside 

an automotive SoC product, which will be taped out shortly.      

Introduction 

In the automotive industry, functional safety requirements 

have been typically implemented with the design of dual-

core lockstep CPU architecture [5,6]. It uses two identical 

CPU cores, each running the exactly same set of instruction 

codes to lock each other with every clock cycle; comparing 

corresponding signals from each core can thus detect errors 

in one of the CPU cores.  

This conventional duplication strategy costs more than two 

times of the silicon area, with also more than two times of 

power consumption [7,8]. 

Interleaved Two-Thread Design 

Figure 1 below shows a typical pipelined CPU core, with 

5 pipeline stages: IA (Instruction Address), IF (Instruction 

Fetch), ID (Instruction Decode and Operand Read), EX 

(Execution), WB (Write Back) [1,2]. 

 

Figure 1   5 Pipeline Stages 

 

We have an in-order single-issue implementation, which 

is suitable for real-time automotive microcontroller. It can 

deliver one instruction every cycle under ideal situation. 

However, there are cases lead to performance overhead. 

 

Figure 2 shows that a stall cycle has to be introduced, thus 

causing performance overhead, when the next instruction’s 

operand is the result of current instruction.   
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Figure 2 Data Dependency Causes Pipeline Stall 

 

As Figure 3 shows, since RISC-V does not support a delay-

slot instruction following a non-sequential instruction, such 

as JAL or JALR; the already fetched instruction, following 

a non-sequence instruction, must be flushed. This will also 

cause at least one cycle performance overhead.   

 

Figure 3  Non-Sequential Instruction Flush Pipeline 

 

Figure 4 shows an interleaved two-thread design. It 

effectively avoids these performance overheads, therefore, 

delivers a much higher performance with more efficient 

silicon area, since two threads are sharing the same set of 

execution units. 

 

Figure 4  Interleaved Two-Thread Design 
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SMP with Lock-Step for Functional 

Safety 

  We design a symmetric multiprocessing (SMP) system, 

while each processor is implemented with this kind of 

interleaved two-thread core. In each core, one of the threads 

is work-thread, running regular workload; the other thread is 

used as lock-thread, used to lock-step the work-thread in 

another processor. This lock-thread never accesses memory, 

since the memory system uses error correction coding (ECC) 

for functional safety. A lock-thread only inputs its data from 

the work-thread in another process. This further avoids 

cache thrashing, for both data cache and instruction cache. 

This is another performance advantage in addition to all the 

benefits mentioned before regarding this interleaved threads 

design.     

We worked with Exida to just complete the assessment of 

a RISC-V32IMA based interleaved two-thread design, 

certified for ASIL-D functional safety requirements.  

We are developing an automobile system-on-chip (SoC) 

product, targeting a tape out in April 2025, with TSMC 

28nm technology.  Figure 5 shows the primary features of 

this SoC. It has four RISC-V32IMAFC inside [3,4], two of 

them are designed with such interleaved two-thread, 

providing lock-step functional safety, support autosar type 

of real-time operating system (RTOS).  

 

Figure 5  Primary Features Of SoC 

Further extend the design 

We are designing a RISC-V 64G, targeting to support more 

sophisticated operating system, such as Linux. A memory 

management unit (MMU) requires more stages in the 

processor pipeline. This will make the pipeline much deeper, 

a total of 9-stage design. To optimize the performance, we 

explore an interleaved three-thread architecture, in which: 

 One safe-work-thread running functional safety 

workload, which requires a lock-thread from another 

processor core to provide lock-step errors detection. 

 One lock-thread, used to operate in lock-step with the 

safe-work-thread of another processor core.   

 One independent work-thread, running regular 

workload with much relaxed functional safety 

requirements if any.  

 

This provides great flexibility to implement a high 

performance multi-processor system. 
 

Summary 

We design an interleaved two-thread RISC-V, to support 

SMP with lock-step functional safety. This work is certified 

by Exida to qualify ASIL-D requirements. This design is 

implemented inside an automotive MCU product. We 

further extend this interleaved multi-thread  design to 

support advanced operating system, with more flexible 

functional safety requirements.     
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