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1 About  This Guide  

1.1 Purpose 

The Gowin RiscV AE250 IP user guide helps users learn the features 

and usages of the Gowin RiscV AE250 IP product. 

This guide targets application developers. It provides complete 

information on how to use the Gowin RiscV AE250 microcontroller memory 

and peripherals. 

The AE250 is a family of microcontrollers with different memory sizes 

and peripherals. For ordering information, mechanical and electrical device 

characteristics please refer to the datasheets. For information on the 

RISC-V ISA, please refer to the RISC-V Instruction Set Manual. 

1.2 Supported Products  

The information in this guide applies to the following products: 

1. GW2A series of FPGA products 

2. GW2AR series of FPGA products 

1.3 Related Documents  

The latest user guides are available on GOWINSEMI Website. You 

can find the related documents at www.gowinsemi.com: 

1. DS102, GW2A series of FPGA Products Data Sheet 

2. DS226, GW2AR series of FPGA Products Data Sheet 

3. SUG100, Gowin YunYuan Software User Guide 

The related documents are available on RISCV organization 

website:riscv.org̔ 

http://www.gowinsemi.com/en/
https://www.gowinsemi.com/upload/database_doc/112/document/5e6f07cdcdd2b.pdf
https://www.gowinsemi.com/upload/database_doc/122/document/5e6f09664b18f.pdf
https://www.gowinsemi.com/upload/database_doc/379/document/5e86b31dd4efb.pdf
http://riscv.org/
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1. The RISC-V Instruction Set Manual Volume I: User-Level ISA 

2. The RISC-V Instruction Set Manual Volume II: Privileged Architecture 

1.4 Abbreviations and Terminology  

The abbreviations and terminology used in this guide are shown in Table 

1-1 below. 

Table 1-1 Abbreviations and Terminology  

Abbreviations and Terminology Meaning 

IPIPE Integer Pipeline 

RF Register File 

CSR Control and Status Register 

ALU Arithmetic Logic Unit  

MDU Multiplication and Division Unit 

FASTMUL Fast Multiplier 

IFU Instruction Fetch Unit 

ICU Instruction Cache Unit 

LSU Load Store Unit 

DCU Data Cache Unit 

ILM Instruction Local Memory Controller 

DLM Data Local Memory Controller 

BIU Bus Interface Unit 

MMU Memory Manager Unit 

TRIGM Trigger Module 

FPU Floating Point Unit 

ACE Andes Custom Extension 

1.5 Support and Feedback  

Gowin Semiconductor provides customers with comprehensive 

technical support. If you have any questions, comments, or suggestions, 

please feel free to contact us directly using the information provided below. 

Website: www.gowinsemi.com 

E-mail: support@gowinsemi.com

http://www.gowinsemi.com.cn/en/
mailto:support@gowinsemi.com
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2 Overview  

The Gowin RiscV AE250 IP is a 32-bit CPU IP core based on 

AndeStarÊ V5 architecture which incorporated RISC-V technology. It is 

capable of delivering high per-MHz performance and operating at high 

frequencies, at the same time it is small in gate count. This Gowin IP also 

supports single and double precision floating point instructions and half 

precision load/store. The Gowin RiscV AE250 IP comes with options, 

including branch prediction for efficient branch execution, Instruction and 

Data caches, Local Memories for low-latency accesses, and ECC for L1 

memory soft error protection. 

The Gowin RiscV AE250 IPôs 5-stage pipeline is optimized for high 

operating frequency and small gate count. Features also includes PLIC 

and vectored interrupts for serving various types of system events, AHB 

32-bit bus, Power Brake and WFI mode for low power and power 

management, and JTAG debug interface for development support.  

Table 2-1 Gowin RiscV A E250 

Gowin RiscV AE250 

IP Core Application 

Device Support GW2AȁGW2AR Series 

Logic Resource See Table 3-1  

Delivery 

Design Kit Verilog (encrypted) 

Reference Design Verilog 

TestBench --- 

Verification 

Systhesis Synplify_Pro 

IDE GoWinYunYuan 
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3 Features and Performance 

3.1 Features 

 ̧ AndeStarÊ V5 Instruction Set Architecture (ISA), compliant to RISC-V 

technology 

 ̧ Floating point extensions (N25F) 

 ̧ Andes extensions, architected for performance and functionality 

enhancements 

 ̧ Separately licensable Andes Custom ExtensionÊ (ACE) for 

customized acceleration[1] 

 ̧ 32-bit, 5-stage pipeline CPU architecture 16/32-bit mixable instruction 

format for compacting code density  

 ̧ Branch predication to speed up control code 

 ̧ Return Address Stack (RAS) to speed up procedure returns 

 ̧ Physical Memory Protection (PMP) 

 ̧ Flexibly configurable Platform-Level Interrupt Controller (PLIC) for 

supporting wide range of system event scenarios 

 ̧ Enhancement of vectored interrupt handling for real-time performance 

 ̧ Advanced CoDenseÊ technology to reduce program code size 

Note ! 

The current version does not support ACE. 

3.2 Resources Utilization  

RTL code is realized by Verilog language. Performance and resource 

utilization may vary depending on the density, speed, and grade of devices 

used.  

Take Gowin GW2A-18 series of FPGA as an example. The resource 

utilization is shown in Table 3-1. For application verification on other Gowin 

FPGA, please pay attention to the information released later. 
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Table 3-1 Gowin RiscV A E250 Resources Utilization  

Device Speed Grade Resources Usage Remarks 

GW2A-18 -5 

LUT 10K 

- 
ALU 4K 

REG 6K 

BSRAM 0-max 

3.3 The Clock Frequency  

There are no special requirements in this IP. GW2A-18 chips in the 

default conditions can run at 30MHz. 
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4  CPU Core Overview  

4.1 N25(F) Processor Features 

The features of N25(F) processor are as follows: 

CPU Core 

 ̧ 5-stage in-order execution pipeline 

 ̧ Hardware multiplier 

radix-2/radix-4/radix-16/radix-256/fast 

 ̧ Hardware divider 

 ̧ Optional branch prediction 

Static branch prediction, or * 4-entry return address stack (RAS) 

 ̧ Dynamic branch prediction 

-  * 32/64/128/256-entry branch target buffer (BTB) 

-  * 256-entry branch history table 

-  * 8-bit global branch history 

-  * 4-entry return address stack (RAS) 

 ̧ Machine mode and supervisor mode and User mode 

 ̧ Optional performance monitors 

 ̧ Misaligned memory access 

 ̧ RISC-V physical memory protection 

AndeStar V5 ISA  

 ̧ RISC-V RV32I base integer instruction set 

 ̧ RISC-V RVC standard extension for compressed instructions 

 ̧ RISC-V RVM standard extension for integer multiplication and division 

 ̧ Optional RISC-V RVA standard extension for atomic instructions 

 ̧ Optional RISC-V F and D single/double precision floating point 

 ̧ Andes Performance extension 

 ̧ Andes CoDenseÊ extension 
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Memory Subsystem  

 ̧ I & D caches 

-  Cache size: 8KiB/16KiB/32KiB/64KiB 

-  Cache line size: 32B 

-  Set associativity: Direct-mapped/2-way/4-way 

-  Custom cache control operation through CSR read/write 

 ̧ I & D local memories 

-  Size: 4KiB to 16MiB 

-  Optional local memory slave port 

-  Interface: RAM or AHB-Lite 

 ̧ Memory subsystem soft-error protection 

-  Protection scheme: parity-checking or error-checking-and-correction 

(ECC) 

-  Automatic hardware error correction 

-  Protected memories: 

a) * I & D cache tag RAM and data RAM 

b) * I & D local memories 

Bus 

 ̧ Interface Protocol 

Synchronous AHB (32-bit data width) 

Debug  

 ̧ RISC-V External Debug Support Version 0.13 

 ̧ Configurable number of breakpoints: 2/4/8 

 ̧ External debug module with AHB interfaces 

 ̧ External JTAG debug transport module 

JTAG: IEEE Std 1149.1 style 4-wire JTAG interface 

Power Management  

Wait-for-interrupt (WFI) mode 

AndeStar Extension  

 ̧ StackSafe hardware stack protection extension 

 ̧ PowerBrake simple power/performance scaling extension 

 ̧ Custom performance counter events 

Platform -Level Inter rupt Controller (PLIC)  

 ̧ AHB interface 

 ̧ Configurable number of interrupts: 1ï1023 
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 ̧ Configurable number of interrupt priorities: 3/7/15/31/63/127/255 

 ̧ Configurable number of targets: 1ï16 

 ̧ Andes Vectored Interrupt extension 

Trace 

Optional instruction trace 

4.2 Block Diagram  

Figure 4-1 N25(F) Block Diagram  

 

4.3 Major Components  

The following table describes the major components of the N25(F) processor. 

Table 4-1 M ajor Components  

Abbreviations and Terminology Meaning 

IPIPE Integer Pipeline 

RF Register File 

CSR Control and Status Register 

ALU Arithmetic Logic Unit 

MDU Multiplication and Division Unit 

FASTMUL Fast Multiplier 

IFU Instruction Fetch Unit 

ICU Instruction Cache Unit 

LSU Load Store Unit 

DCU Data Cache Unit 
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Abbreviations and Terminology Meaning 

ILM Instruction Local Memory Controller 

DLM Data Local Memory Controller 

BIU Bus Interface Unit 

MMU Memory Manager Unit 

TRIGM Trigger Module 

FPU Floating Point Unit 

4.4 Pipeline Stages and Activities  

N25(F) implements a five-stage pipeline architecture. The following 

figure shows the pipeline stages of the processor. 

Figure 4-2 Pipeline Stages and Activities  

 

 

The pipeline activities of the corresponding stages are: 

IFñInstruction Fetch  

 ̧ Fetching an instruction word from ILM/Instruction Cache/Bus 

 ̧ Dynamic branch prediction 

II ñInstruction Decode and Issue  

 ̧ 16/32-bit instruction alignment 

 ̧ Instruction decoding 

 ̧ Register file read 

 ̧ Resolving data dependency 

 ̧ Static branch prediction 

EXñInstruction Execution  

 ̧ ALU instruction execution 

 ̧ Load/Store address generation 

MM ñMemory Access 

 ̧ DLM/Data Cache access 

 ̧ Division instruction execution 

 ̧ Multiplication instruction execution 

 ̧ Branch resolution 
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WBñInstruction Retire and Result Write -Back 

 ̧ Interrupt resolution 

 ̧ Instruction retire 

 ̧ Register file write back 

 ̧ ILM access 

 ̧ Bus access 

FRFñFPU Instruction Decode  

 ̧ Instruction decoding 

 ̧ Register file read 

F1~F4ñFPU Instruction Execution  

 ̧ Float-point arithmetic execution 

 ̧ Data Exchange between Integer/FPU pipelines 

4.5 Design Hierarchy  

4.5.1 AHB Platform  

The design hierarchy of AE250 is illustrated in Figure 4-3. The top of 

N25(F) processor design is vc_core. The vc_core design does not include 

any SRAM cells. All of the required SRAM cells are expected to be 

instantiated outside of vc_core to simplify the integration effort. 

The ae250_chip module is a reference AHB platform that instantiates 

the peripheral IPs. The ae250_uncore module is a reference subsystem 

that instantiates N25(F) processor and all the required memory modules. 

These two modules are open for modification to meet system 

requirements. 

To support all bus interface configures of the processor, ae250_uncore 

contains several optional adapter modules. The ae250_cpu_to_ahb32 

module converts the 64-bit AHB interface to the 32-bit AHB interface. It is 

an optional module and could be removed when the type of the AE250 bus 

interface is 32-bit AHB. The ae250_slv_to_lm module contains glue logics 

connected to the slave port of vc_core. 

The ae250_debug_subsystem, nceplmt100, and nceplic100 modules 

are platform IPs as specified in the RISC-V architecture for proper 

operation of a RISC-V system. The ae250_debug_subsystem module 

implements the debug functionality. The nceplmt100 implements the 

RISC-V machine timer, and nceplic100 implements the RISC-V platform 

interrupt controller (PLIC). 

The PLIC module is instantiated twice, one (u_plic) for arbitrating 
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interrupts from peripheral devices, and the other (u_plic_sw) for supporting 

software interrupts. The u_plic_sw instantiation only needs to use the 

programmability of the PLIC registers to generate (software programmable) 

interrupts, so all its interrupt sources are tied to zero. 

The atcbmc200, atcspi200, ae250_smu, atcrtc100, atcapbbrg100, 

atcwdt200, atciic100, atcpit100, atcuart100, and atcgpio100 modules are 

pre-integrated Andes platform/peripheral IPs that may be shipped together 

with the AE250 package, depending on licensing agreements. 

Figure 4-3 Design Hierarchy  
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5 Processor Configuration Options  

The configuration of the AE250 processor is through a config tool and 

Verilog parameters. 

5.1 CPU Core Configuration  

Figure 5-1 CPU Core Configuration  GUI  

 

Note˻ 

The screenshot only serves to show how the tool looks like to facilitate the description 

above. It is not a goal for this figure to show the most updated version of the tool. The 

actual content of the tool may differ slightly as the tool gets updated with new features 

added to AE250.  
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5.1.1 ISA 

RISC-V User-Level Interrupt Extension  

Specifying this option to "yes" enables the RISC-V User-Level Interrupt 

Extension (RVN). RVN supports user-level trap handling. 

RISC-V Atomic Instruction Extension  

Specifying this option to "yes" enables the RISC-V "A" Standard 

Extension for Atomic Instructions (RVA). RVA includes instructions that 

atomically read-modify-write memories for synchronization between 

multiple hardware threads (harts) 

RISC-V P-extension (draft) DSP/SIMD IS A 

Specifying this option to "yes" enables the RISC-V DSP (Digital Signal 

Processing) instruction. The DSP instruction includes all the instructions of 

AndeStar DSP ISA Extension.Boost the performance of voice, audio, 

image and signal processing. 

RISC-V Flo ating -Point Instruction Extension  

This option determines the floating-point extension type. 

 ̧ none: no floating-point extension 

 ̧ single precision: "F" standard extension for single precision 

floating-point instruction 

 ̧ double+single precision: "F" and "D" standard extension for single and 

double precision floatingpoint instruction 

Note˻ 

The floating-point extension is available depending on AE250 licensing agreements. 

5.1.2 Privilege Architecture  

Privilege Modes  

The option determines the number of supported privileges levels. The 

AE250 processor supports most 3 privilege levels 

Table 5-1 Supported Combination of Privilege Modes  

Number of Levels Supported Modes Intended Usage 

1 Machine Simple embedded systems 

2 Machine,User Secure embedded systems 

3 Machine,User,Supervisor 
Systerm running Unix-like operating 

systems 
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The RISC-V privilege architecture specifies four privilege levels as 

shown in Table 5-2. Machine mode (M-mode) has the highest privileges 

and is the mandatory privilege level for a RISC-V hardware platform. User 

mode (U-mode) restricts privileges to protect against incorrect or malicious 

application codes. And Supervisor mode (S-mode) is provided for Unix-like 

operating systems with address translating and protection requirements. 

Table 5-2 RISC-V Privilege Levels  

Level Encoding Name Abbreviation 

0 00 User/Application U 

1 01 Supervisor S 

2 10 Reserved  

3 11 Machine M 

 

Performance Monitors  

Specifying this option to "yes" enables hardware performance 

monitors, including mcycle and minstret Control and Status Registers 

(CSR). The mcycle register counts the elapsed clock cycles while the 

minstret register counts the number of retired instructions. 

Number of Shared TLB Entries  

 ̧ This option selects the number of supported Shared TLB entries 

Number of iTLB Entries 

 ̧ This option selects the number of supported iTLB entries 

Number of dTLB Entries 

 ̧ This option selects the number of supported dTLB entries 

Physical Memory Protection  

 ̧ This option selects the number of supported PMP entries. 

Performance Monitors 

Specifying this option to "yes" enables hardware performance monitors, 

including mcycle and minstret Control and Status Registers (CSR). The 

mcycle register counts the elapsed clock cycles while the minstret register 

counts the number of retired instructions. 

Misaligned Memory Access  

AE250 implements the misaligned memory access to support 

accessing misaligned addresses without triggering any misaligned 

exceptions. 

Andes Vectored PLIC Extension  

Specifying this option to "yes" enables the Andes Vectored PLIC 

extension for reducing interrupt latency. 
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Andes StackSafe Extension 

Specifying this option to "yes" enables the StackSafe hardware stack 

protection extension. 

The extension is a hardware mechanism for tracking and guarding 

against the stack pointer overflows/underflows. 

Andes PowerBrake Extension  

Specifying this option to "yes" enables the PowerBrake 

power/performance scaling extension. 

The PowerBrake extension throttles performance by reducing 

instruction executing rate instead of slowing down clock frequency. The 

performance and hence power consumption can be switched to a different 

level in a couple of instructions. This is an ultra-low latency mechanism for 

performance & power scaling, as compared to the latencies of frequency 

scaling through PLL programming. 

Andes CoDense Support  

Specifying this option to "yes" enables CoDense Support. 

5.1.3 Bus Interface  

AHB Low Latency Support  

The Low Access-Latency AHB Bus option reduces the system bus 

access latency at the expense of maximum frequency (around 70% of 

configurations without this option). This option is expected to be used 

under configurations where there are no caches. 

5.1.4 Micro Architecture  

Multiplier Implementation  

This option selects the implementation of the hardware multiplier in 

AE250. Valid values and the respective performance are: 

 ̧ radix2: 1-bit/cycle 

 ̧ radix4: 2-bit/cycle 

 ̧ radix16: 4-bit/cycle 

 ̧ radix256: 8-bit/cycle 

 ̧ fast: two-stage pipelined. 

The radix multiplier options realize the multiplier through serial 

additions, while the fast multiplier option implements a two-stage pipelined 

parallel multiplier. 
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Fast Multiplier Algorithm  

This option selects the type of fast multiplier algorithm. 

Multiplier Accelerator Type  

This option selects the type of multiplier Accelerator. 

Branch Prediction  

This option selects the branch prediction scheme. The AE250 

processor supports both static and dynamic branch prediction, and the 

number of BTB entries is configurable. 

The static branch prediction algorithm predicts that all backward 

branches will be taken and all forward branches will not. 

The dynamic branch prediction algorithm uses a 2-way branch target 

buffer (BTB) and a branch history table to predict the target address and 

direction (taken/not-taken) of each branch. 

5.1.5 Trace Interface 

Specifying this option to "instruction" enables instruction trace 

interface. 

5.1.6 Device Regions  

Device regions are memory locations where accesses to the location 

may cause side effects. Accesses to device regions are non-cacheable and 

strong-ordered. Memory operations to these regions will be conservative 

without the need of excessive FENCE instructions. At most eight device 

regions could be specified in AE250. A device region n (n = 0ï7) is 

specified by two parameters: 

 ̧ DEVICE_REGIONn_BASE: the base address of the region, 

 ̧ DEVICE_REGIONn_MASK: the address mask of the region. 

An address is inside a region when: 

(address & DEVICE_REGIONn_MASK) == 

DEVICE_REGIONn_BASE. 

A device region can be disabled by setting DEVICE_REGIONn_BASE 

to all ones and DEVICE_REGIONn_MASK to all zeros. 

Device regions and ILM/DLM/WRITETHROUGH should not overlap 

with each other. The behavior is undefined when device regions are 

overlapped with ILM/DLM/WRITETHROUGH. 
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5.1.7 Write -through Regions  

Write-through regions are memory locations where memory writes will 

update both D-Cache and the system memory with write-no-allocate policy. 

At most eight write-through regions could be specified. A write-through 

region n (n = 0ï7) is specified by two parameters: 

 ̧ WRITETHROUGH_REGIONn_BASE: the base address of the region, 

 ̧ WRITETHROUGH_REGIONn_MASK: the address mask of the region. 

An address is inside a region when: 

(address & WRITETHROUGH_REGIONn_MASK) == 

WRITETHROUGH_REGIONn_BASE. 

A write-through region can be disabled by setting 

WRITETHROUGH_REGIONn_BASE to all ones and 

WRITETHROUGH_REGIONn_MASK to all zeros. 

Write-through regions and ILM/DLM/DEVICE regions should not 

overlap with each other. The behavior is undefined when write-through 

regions are overlapped with ILM/DLM/DEVICE regions. 

5.2 Local Memory  Configu ration  

5.2.1 Instruction Local Memory  

ILM Size  

The ILM Size option selects the size of the instruction local memory in 

KiB. Only power-of-2 sizes are supported. Specifying 0 to the option 

unconfigures the instruction local memory. 

ILM Base  

ILM_BASE is a Verilog parameter for specifying the base address of 

the instruction local memory, and it must be aligned to the size of the 

instruction local memory. 

ILM Soft Error Protection  

ILM Soft Error Protection option selects the soft-error protection 

scheme for the instruction local memory: 

 ̧ none: no protection 

 ̧ parity: single-error detection 

 ̧ ecc: single-error correction, and double-error detection 



5 Processor Configuration Options 5.2 Local Memory Configuration 

 

IPUG528-1.1E 18(403) 

 

ILM Initialize File  

To make the executable files loadable , user must provide binary data, 

and then converted to the ASCII format readable by the $readmemh() 

SystemVerilog system task. 

5.2.2 Data Local Memory (DLM)  

DLM Size  

The DLM Size option selects the size of the data local memory in KiB. 

Only power-of-2 sizes are supported. Specifying 0 to DLM_SIZE_KB 

unconfigures the data local memory. 

DLM Base  

DLM_BASE is a Verilog parameter for specifying the base address of 

the data local memory, and it must be aligned to the size of the data local 

memory. 

DLM Soft Error Protection  

DLM Soft Error Protection option selects the soft-error protection 

scheme for the data local memory: 

 ̧ none: no protection 

 ̧ parity: single-error detection 

 ̧ ecc: single-error correction, and double-error detection 

5.2.3 Slave Port 

The interface protocol is AHB, and the data width is identical to bus 

data width. The value of parameter SLAVE_PORT_DATA_WIDTH is 

identical to the value of parameter BIU_DATA_WIDTH. 

Slave Port Suppor t 

Specifying this option to "yes" enables the local memory slave port. 

The local memory slave port enables bus masters to access the local 

memories of AE250. 

Slave Port Base Address 

Slave Port Base Address is a Verilog parameter for specifying the 

base address of the local memory slave port, and it must be aligned to the 

size of the local memory. 

Slave Port Space Size 

The Slave Port Space Size option selects the size of the data local 

memory in MiB. 
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5.3 Cache Configuration  

5.3.1 Cache 

Cache Line Size  

The option cache line size only support 32 bytes. 

NON_CRITICAL_WORD_FIRST  

Specifying this option to "yes" support the non-critical-word-first. 

LSU_PREFETCH 

Specifying this option to "yes" support the LSU prefetch. 

5.3.2 Instruction Cache  

I -Cache Size 

The I-Cache Size option selects the size of the instruction cache in KiB. 

Only power-of-2 sizes are supported. Specifying 0 to the option 

unconfigures the instruction cache. 

I -Cache Replacement Policy 

The I-Cache Replacement Policy option selects the replacement policy 

of instruction cache on cache misses. 

I -Cache Associativity  

The I-Cache Associativity option selects the associativity of instruction 

cache. 

I -Cache Soft Error Protection  

The I-Cache Soft Error Protection option selects the soft-error 

protection scheme for the instruction cache: 

 ̧ none: no protection 

 ̧ parity: single-error correction 

 ̧ ecc: single-error and double-error correction 

5.3.3 Data Cache 

D-Cache Size 

The D-Cache Size option selects the size of the data cache in KiB. 

Only power-of-2 sizes are supported. Specifying 0 to the option 

unconfigures the data cache. 
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D-Cache Replacement Policy 

The D-Cache Replacement Policy option selects the replacement 

policy of data cache when cache miss. 

D-Cache Associativity  

The D-Cache Associativity option selects the associativity of data 

cache. 

D-Cache Soft Error Protection  

The D-Cache Soft Error Protection option selects the soft-error 

protection scheme for the data cache: 

 ̧ none: no protection 

 ̧ parity: single-error detection 

 ̧ ecc: single-error correction, and double-error detection 

5.4 Debug Configuration  

5.4.1 Debug Support  

Specifying this option to "yes" enables debug support.  

5.4.2 DEBUG_VEC  

DEBUG_VEC defines the entry point address of the exception handler 

for servicing debug exceptions in the debug mode. It should be set to the 

address of the Debug ROM of the NCEPLDM200 debug module, which is 

also the base address of the module. This address space should be a 

device region for proper operation of the external debug support. See 

Debug Subsystem Configuration Options 

Please see Section 5.4 for the description of Debug Subsystem 

Configuration Options. 

NCEPLDM200 for more information. 

The AE250 memory map assigns the base address of NCEPLDM200 

to 0xe68000000. 

5.4.3 Number of Trigger  

The Number of Trigger option selects the number of hardware 

breakpoints. 

5.4.4 Program Buffer Size  
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The Program Buffer Size option selects the size of program buffer. 

NCEPLDM200 supports program buffer 0ï7 only. Program buffer 8ï15 are 

hardwired to 32ôh00100073 (the EBREAK instruction). 

5.4.5 System Bus Access Support 

The option determines the the system interface port of debug systerm. 
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6 Signals Description  

The interface ports of the AE250 core are described in this section. All 

signals are Active-High unless otherwise indicated. 

6.1 General Signals  

Table 6-1 General Signals  

Signal Name Direction Description 

hart_id input 

This signal indicates the CPU hart ID. Hart IDs might 

not necessarily be numbered contiguously in a 

multiprocessor system, but at least one hart must 

have a hart ID of zero. 

core_reset_n input CPU reset (Active-Low) 

core_clk input CPU clock input 

reset_vector[31:0] input 

Default program counter value upon reset. It should 

normally be a 4-byte aligned value but 2-byte aligned 

value is also allowed; bit 0 of this input signal should 

be zero. 

bus_clk_en input 

This is a core_clk clock domain signal indicating that 

the data from the bus clock domain can be sampled 

at the coming rising edge of core_clk. 

core_wfi_mode input 
This signal indicates that the processor is in the 

wait-for-interrupt mode. 

6.2 Interrupt Signals  

Table 6-2 Interrupt Signals  

Signal Name Direction Description 

meip output 
External interrupt acknowledgment, used in the 

vector interrupt mode 

meiid[9:0] input Timer interrupt pending 

meiack input Software interrupt pending 
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Signal Name Direction Description 

mtip input Non-maskable interrupt 

msip input Supervisor-mode external interrupt pending 

nmi input Non-maskable interrupt 

seip input Supervisor-mode external interrupt pending 

6.3 Debug Signals  

Table 6-3 Debug Signals  

Signal Name Direction Description 

debugint output Debug interrupt 

hart_unavail input 

This signal indicates that the processor is not 

available for accesses by the external debugger. The 

processor could be in the reset or some kind of 

power-gating state. 

hart_halted input This signal indicates that the processor is halted. 

hart_under_reset input 
This signal indicates that the processor is under 

reset. 

stoptime input 

This signal indicates that the processor is in Debug 

Mode and timers should stop counting. This signal is 

controllable by dcsr.STOPTIME. 

6.4 Trace Signals 

Table 6-4 Trace Signals 

Signal Name Direction Description 

trace_ivalid output 
This signal indicates that an instruction has retired 

or trapped (exception). 

trace_iexception output 
This signal indicates that an instruction has trapped 

(exception). 

trace_cause output This signal indicates the cause of an exception 

trace_tval output This signal indicates the exception data 

trace_interrupt output 
This signal indicates that the processor is under 

reset. 

trace_iaddr output This signal indicates the cause of an exception 

trace_instr output This signal indicates the instruction 

trace_priv output 
This signal indicates the privilege mode during 

execution 

6.5 AHB Interface Signals  

AHB interface signals provide connectivity to the AHB system bus. 

These signals are used only when BIU_BUS is ahb. Otherwise, they are 

left unconnected. They are sampled/driven in the core_clk domain on 
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bus_clk_en pulses.  

Table 6-5 AH B Interface Signals  

Signal Name Direction Description 

hgrant input Bus grant 

hrdata[BIU_DATA_WIDTH-1:0] input Read data bus 

hready input Transfer done 

hresp[1:0] input Transfer response 

haddr[31:0] output Address bus 

hburst[2:0] output Burst type 

hbusreq output Bus request 

hlock output Locked transfer 

hprot[3:0] output Protection control 

hsize[2:0] output Transfer size 

htrans[1:0] output Transfer type 

hwdata[BIU_DATA_WIDTH-1:0] output Write data bus 

hwrite output Transfer direction 

6.6 Instruction  Local Memory Interface Signals  

ILM interface signals provide connectivity to the Instruction Local 

Memory. Two interface types, ram and ahb-lite, could be configured 

through the Local Memory Interface. If the value of option is ram, SRAM 

style interface is configured. If the value is ahb-lite, the AHB-Lite interface 

will be used. 

The SRAM style interface signals provide connectivity to the 

Instruction Local Memory RAM of the processor. These signals are present 

on the processor interface when ILM is configured and the ram type of 

Local Memory Interface is selected. 

Table 6-6 Instruction Local Memory Interface Signals  
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Table 6-7 Instruction Local Memory Address Bit -Width  

 

 

Table 6-8 Instruction Local Memory Data Bit -Width  

 

 

Table 6-9 ILM Byte Write Enable Mapping  

 

6.7 Data Local Memory Interface Signals  

DLM interface signals provide connectivity to the DATA Local Memory. 

Two interface types, ram and ahb-lite, could be configured through the 

Local Memory Interface. If the value of option is ram, SRAM style interface 

is configured. If the value is ahb-lite, the AHB-Lite interface will be used. 

The SRAM style interface signals provide connectivity to the 

Instruction Local Memory RAM of the processor. These signals are present 

on the processor interface when DLM is configured and the ram type of 

Local Memory Interface is selected. 
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Table 6-10 Data Local Memory Interface Signals  

 

 

Table 6-11 Data Local Memory Address Bit -Width  

 

 

Table 6-12 Data Local Memory Data Bit -Width  

 

 

Table 6-13 DLM Byte Write Enable Mapping  
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6.8 Instruction Cache Interface Signals  

I-Cache interface signals provide connectivity to the I-Cache SRAMs 

of the processor. These signals are always present on the processor 

interface but they are used only when I-Cache is configured. Otherwise, 

they are left unconnected. 

Table 6-14 Instruction Cache Interface Signal s 

 

 

Table 6-15 I -Cache Tag Address Bit-Width  

Associativity Size(KiB) ICACHE_TAG_AW 

1 

8 8 

16 9 

32 10 

64 11 

2 

8 7 

16 8 

32 9 

64 10 

4 

8 6 

16 7 

32 8 

64 9 
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Table 6-16 I -Cache Tag Data Bit -Width  
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Table 6-17 I -Cache Data Address Bit -Width  

Associativity Size(KiB) ICACHE_DATA_AW 

1 

8 11 

16 12 

32 13 

64 14 

2 

8 10 

16 11 

32 12 

64 13 

4 

8 9 

16 10 

32 11 

64 12 

6.9 Data Cache Interface Signals  

D-Cache interface signals provide connectivity to D-Cache SRAMs of 

the processor. These signals are always present on the processor interface 

but they are used only when D-Cache is configured. Otherwise, they are 

left unconnected. 

Table 6-18 Data Cache Interface Signals  
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Table 6-19 D-Cache Tag Address Bit-Width  

Associativity Size(KiB) DCACHE_TAG_AW 

1 

8 8 

16 9 

32 10 

64 11 

2 

8 7 

16 8 

32 9 

64 10 

4 

8 6 

16 7 

32 8 

64 9 

 

Table 6-20D-Cache Tag Data Bit-Width  
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Table 6-21D-Cache Data Address Bit -Width  

 

 

Table 6-22 D-Cache Data Bit-Width  
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Table 6-23 D-Cache Byte Write Enable Mapping  

 

6.10 AHB Slave Port Signals  

The AHB Slave Port signals allows external agents to access the local 

memories of the processor through the AHB interface protocol. These 

signals are always present on the processor interface but they are used 

only when SLAVE_PORT_SUPPORT is yes. Otherwise, they are left 

unconnected. They are sampled/driven in the core_clk domain on 

bus_clk_en pulses. 

Table 6-24 AHB Slave Port Signals  

 

6.11 BTB Interface Signals  

BTB interface signals provide connectivity to the BTB SRAMs of the 

processor. These signals are always present on the process interface but 

they are used only when BTB is configured. Otherwise, they are left 

unconnected. BTB in AE250 is 2-way associative. 
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Table 6-25 BTB Memory Interface Signals  

 

 

Table 6-26 BTB RAM Address Bit -Width  
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7 Reset and Clocking Scheme 

7.1 Reset 

AE250 only has one reset pin (core_reset_n) for resetting its only clock 

domain (core_clk). The reset signal should be synchronized to the core_clk 

clock domain before connecting to AE250.  

In addition, to maintain proper reset ordering, the reset signal should 

only be released after the release of the reset signal to the bus clock 

domain, even though AE250 does not take the reset signal to the bus clock 

domain as its input. Figure 7-1 illustrates a reference design for reset 

synchronization. 

Figure 7-1 Suggested Design for Reset Synchronization  

 

7.2 Clock Domains  

AE250 has only one clock domain: core_clk. However, its bus 

interface signals may be operating in a separate synchronous bus clock 

domain. The synchronous bus clock is a virtual clock to the AE250 design. 

The clock enable input signal bus_clk_en serves as the clock enable signal 
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for generating the virtual clock. The core_clk domain signal should be 

asserted for one core_clk cycle before the rising edge of the bus clock, as 

shown in Figure 7-2. AE250 uses bus_clk_en to determine valid cycles to 

sample/drive the bus interface signals. 

Figure 7-2 BUS_CLK_EN Waveform for N:1 (3:1) Clock Ratio  

 

 

Detailed clock domain constraints can be found in the synthesis script 

timing_con.tcl as described latter. 
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8 Instruction Set Overview  

8.1 Introduction  

AE250 implements The RISC-V Instruction Set Manual, Volume I: 

User-Level ISA (TD001) V2.2. The following instruction sets are 

implemented: 

 ̧ RV32I base integer instruction set 

 ̧ RISC-V "C" standard extension 

 ̧ RISC-V "M" standard extension 

 ̧ RISC-V "A" standard extension 

 ̧ AndeStar V5 instruction extension 

For detailed information, please see The RISC-V Instruction Set 

Manual, Volume I: User-Level ISA (TD001) V2.2 and AndeStar V5 

Instruction Extension Specification (UM165). 

8.2 Integer Registers  

Table 8-1 Integer Registerslists all general purpose integer registers. 

Table 8-1 Integer Registers  
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8.3 Atomic Instructions  

The RVA extension includes load-reserved/store-conditional and 

atomic memory operation (AMO) instructions. 

8.3.1 Load-Reserved/Store-Conditional Instruction  

AE250 tracks at most one physical address location for LR-SC 

instructions at a time. The reservation made by LR instruction is canceled 

after any memory operation or exception happens. The address of SC 

instructions must match the reserved address for SC to succeed. 

8.3.2 Atomic Memory Operation Instruction  

An atomic memory operation is expanded to LR-modify-SC sequences 

in AE250. The memory content is first loaded with the LR instruction, then 

the required operation is performed on the retrieved data, and the final 

result is written back to the memory by the SC instruction. The sequence 

will be retried again until it succeeds if the SC instruction fails. 

8.4 Misaligned Memory Access  

AE250 implements misaligned memory access to support accessing 

misaligned address without triggering any misaligned exceptions. 

By controlling the mmisc_ctl CSR, the scheme can be enabled or 

disabled. Please see Machine Miscellaneous Control Register for details. 

8.4.1 Limitation  

In the following cases, AE250 will still trigger misaligned exceptions 

even though the misaligned memory access scheme is enabled. 

 ̧ Accesses to device regions 

 ̧ Accesses across two different memory regions 

 ̧ Atomic Accesses 

8.5 Floating Point ISA Extension  

AE250 supports the "F" and "D" Standard Extensions for accelerating 

the performance of floating point heavy applications. The supported 

configuration is indicated in the Machine ISA (misa) configuration register. 

8.5.1 FPU Features 
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AE250 supports the following features: 

 ̧ Fully pipelined MAC instructions 

 ̧ Hardware subnormal handling 

 ̧ All rounding modes 

 ̧ Support of custom half-precision load/store. (See FLHW and FSHW of 

AndeStar V5 Instruction Extension Specification (UM165) for more 

information. 
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9 Physical Memory Attributes  

9.1 Int roduction  

The memory space of the AE250 processor is divided into memory 

regions. Each region has a memory type, which determines its memory 

attributes. Two types of memories are provided: Device memory and 

Normal memory. 

Normal memory regions are considered as cacheable regions. The 

content of these memory regions can be cached in the processor. This 

attribute is ignored if no caches are configured in a processor 

implementation.Normal memory regions can be further divided into 

write-back regions and write-through regions. Table 9-1 Normal Memory 

Attributeable 9-1 lists the behavior of these two regions. 

Table 9-1 Normal Memory Attribute  

 

Device memory regions (a.k.a. "device regions") are memory locations 

where an access to these locations may cause side effects. Device regions 

are non-cacheable and strongly-ordered. Accesses to device regions are 

guaranteed to be non-speculative and issued in program order. An access 

to a device region is not issued until all preceding accesses to device 

regions are finished. 

On the other hand, accesses to the normal memory regions could be 

speculative and the order of accessing normal memory regions is not 

guaranteed. A load access to a normal memory region might bypass an 

earlier store access if there is no data dependency. In such a scenario, an 

explicit fence instruction is required to guarantee order. 

Table 9-2 Memory Access Ordering shows ordering of two instructions 
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A and B, where A < B in program order. 

Table 9-2 Memory Access Ordering  

 

9.2 Device Regions  

Device regions are memory locations where accesses to the location 

may cause side effects. Accesses to device regions are non-cacheable and 

strongly-ordered. 

Device regions and ILM/DLM/WRITETHROUGH should not overlap 

with each other. The behavior is undefined when device regions are 

overlapped with ILM/DLM/WRITETHROUGH. 

9.3 Write -through Regions  

Write-through regions are memory locations where memory writes will 

update both D-Cache and the system memory with write-no-allocate policy. 

Write-through regions and ILM/DLM/DEVICE regions should not 

overlap with each other. The behavior is undefined when write-through 

regions are overlapped with ILM/DLM/DEVICE regions. 
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10 Local Memory  

10.1 Introduction  

Local memories store data or instructions that might either be 

accessed frequently or require deterministic access latency, such as 

interrupt service routines, system calls, video data, real-time systems, etc. 

AE250 supports both instruction local memory (ILM) and data local 

memory (DLM). They are dedicated address spaces that are independent 

of the memory subsystem. Accesses to them bypass the memory 

subsystem to achieve minimal latency. The Local Memory Base Address is 

specified by processor parameters described in Processor Configuration 

Options. 

Local memories are memories and accesses to them are treated the 

same as to the cacheable memory space. It is not suitable to map device 

registers in the local memories. 

The details of local memory usages are described in the subsequent 

sections. 

10.2 Local Memory Spaces 

The AE250 processor supports three address spaces: the instruction 

local memory, the data local memory and the system bus (AHB) address 

spaces. The ILM address space is defined by ILM_ BASE and 

ILM_SIZE_KB configuration parameters, and the DLM address space is 

defined by DLM_ BASE and DLM_SIZE_KB configuration parameters. The 

base addresses of the Andes local memory should be aligned to its size (a 

power-of-2 size). See Processor Configuration Options for more 

information regarding the configuration parameters. Any addresses outside 

the local memory address spaces belong to the system bus address space. 

Instruction fetches may go to the instruction local memory or the 

system bus while load/store data accesses may access all three regions of 
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spaces. The address spaces for ILM and DLM should not overlap each 

other for maximum compatibility across Andes processor products. The 

exact address space access priorities for the AE250 processor are defined 

in Table 10-1 Priorities for Instruction Fetches for instruction fetches and 

Table 10-2 Priorities for Data Accesses for load/store data accesses. 

It is not recommended to set the instruction local memory base 

address to be the same as the data local memory base address. Otherwise, 

UNPREDICTABLE behavior might happen. 

Table 10-1 Priorities for Instruction Fetches  

 

 

 

Table 10-2 Priorities for Data Accesses  

 

10.3 Local Memory Address Range  

The local memory address ranges are listed in Table 10-3 Local 

Memory Address Range (for ILM and DLM). LM_BASE represents the 

base address field of the ILM and DLM local memory base address system 

registers (milmb.IBPA and mdlmb.DBPA). 
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Table 10-3 Local Memory Address Range (for ILM and DLM)  

 

 

10.4 Local Memory Usage Constraints  

Local memories are optimized for access latency. As a result, the 

design imposes the following usage restrictions: 

 ̧ The virtual address mapping for local memories should maintain 

consistent address offset mappings for the offset part of the address 

that indexes into the local memory. 

 ̧ Accesses to the local memory are speculative. Devices with side 

effects on reads should not be mapped to this region. 

10.5 Local Memory Interface  

The local memory interface could be SRAM or AHB-Lite. This is 

configured through the Local Memory Interface option. If the value of option 

is ram, SRAM style of interface is configured. If the value is ahb-lite, the 

AHB-Lite interface will be used. 

Table 10-4 Possible AHB-Lite Transactions Used by Local Memory 

Interfacesshows the possible transactions of AHB-Lite interface used by 

the Local Memory Interfaces. 

Table 10-5 Instruction Local Memory Protection Control Signaland 

Table 10-6 Data Local Memory Protection Control Signalsummarize the 

possible HPROT combinations on AHB-lite interfaces for instruction/data 

local memories. 
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Table 10-4 Possible AHB -Lite Transactions Used by Local Memory Int erfaces 

 

 

Table 10-5 Instruction Local Memory Protection Control Signal  

 

 

Table 10-6 Data Local Memory Protection Control Signal  
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11 Local Memory Slave Port  

11.1 Intro duction  

The local memory slave port enables external bus masters to access 

the local memories of AE250. When an address exceeds ILM/DLM size, 

the higher address bits are ignored by the slave port. The slv_huser signal 

of the local memory slave port interface selects which local memory to 

access: 

Table 11-1 Local Memory Slave Port Selection  

 

Local memory slave port contains a four-entry buffer for burst 

accesses or write accesses. Therefore, write transfers might temporarily be 

stored in the buffer. Local memory slave port performs prefetch on burst 

read transfers to shorten the total wait state of burst transfers. 

Slave port accesses have lower priority than load/store operations and 

instruction fetches. When a slave port access is not granted in 4 cycles, the 

access is granted the highest priority to avoid starvation. 

Note that AE250 does not include logics to guarantee atomicity of 

atomic instructions accessing the local memory address space when 

external masters access the same location through the local memory slave 

port. And AE250 also does not include the protection feature on LM slave port. 

11.2 Latency of Transfer  

The table below summarizes the minimum latency of transfers 

accessing LM slave port. For read transfers, the latency will be larger than 

the listed number if the request of LM slave port is not granted by AE250 
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instantly. For write transfers, the latency will be larger than the listed 

number when the internal 4-entry buffer is full. 

Table 11-2 Local Memory Slave Port Transfer Latency  

Access Type Minimal Latency 

Single Read 5 

Single Write 1 

Burst Read(N Beats) N+4 

Burst Write(N Beats) N 

11.3 Basic Transfer 

The waveform below illustrates the best case of single-read accesses 

with 4 cycle wait states and single-write accesses with no wait state. 

Note that BUS_CLK is a pseudo-clock, please see Clock Domains for 

more information. 

Figure 11-1 Single Access on the Local Memory Slave Port  

 

11.4 Burst Transfer  

Figure 11-2 Burst Read Access on the Local Memory Slave Port and 

Figure 11-3 Burst Write Access on the Local Memory Slave Port illustrate a 

16-beat incremental burst read access and 16-beat wrapped burst write 

access. Note that extra wait states may be inserted if the data width of local 

memory slave port is not equal to the data width of local memory. 
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Figure 11-2 Burst Read Access on the Local Memory Slave Port  

 

 

Figure 11-3 Burst Write Access on the Local Memo ry Slave Port  

 

11.5 Support for Soft Error Protection  

The local memory slave port would return bus errors to AHB masters 

as well as trigger local interrupts to AE250 when a 2-bit ECC error or parity 

error is detected. 

The behavior of ECC logic for local memories is controlled by 

milmb.ECCEN/mdlmb.ECCEN. The encoding for errors encountered 

through accesses from the local memory slave port is summarized in the 

table below. 

Correctable ECC errors only trigger local interrupts when ECCEN is 

equal to 3. Uncorrectable ECC errors would trigger local interrupts when 

ECCEN is equal to 2 or 3. The triggering of local interrupts is controlled by 

mie.IMECCI and the interrupt status is reported in mip.IMECCI. See 

Machine Interrupt Enable and Machine Interrupt Pending for detail. 

Data returned through the local memory slave port is the ECC 

corrected version. For uncorrectable ECC errors, bus errors are reported 

when ECCEN is equal to 2 or 3. 
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Extra wait state is needed while the size of a write transfer differs to 

the size of local memory. Figure 11-4 Various Size Write Transfers with 

ECC demonstrates an example of various size write transfers with ECC. 

Figure 11-4 Various Size Write Transfers with ECC  

 

11.6 Local Memory Slave Port Operation under WFI Mode  

The local memory slave port is still accessible in WFI mode if the 

following conditions are met: 

 ̧ The clock to AE250 should resume running while there is a transfer 

issued from the local memory slave port if core clk is deactivated in 

WFI mode. 

 ̧ The clock to AE250 should only be turned off in the WFI mode when 

there is no more outstanding transfer on the local memory slave port. 
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12 Caches 

12.1 Introduction  

AE250 has two caches, the instruction cache and the data cache. Both 

can be configured to 8KiB, 16KiB, 32KiB and 64KiB in size. 

The cache organization information can be collected from the 

cache/memory configuration registers--micm_cfg for the instruction cache 

and mdcm_cfg for the data cache. The configuration choices are listed 

below and the format of the configuration registers could be found in 

Instruction Cache/Memory Configuration Register and Data 

Cache/Memory Configuration Register. 

Table 12-1 Configuration Choices for the Instruction Cache  

 

 

Table 12-2 Configuration Choices for the Data Cache  
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Total cache size = Cache lines per x way x Ways Line size 

The replacement policy for 2-way and 4-way caches can be random or 

pseudo-LRU. The replacement policy for direct-mapped caches is 

irrelevant. 

12.2 Cache Access Latency 

The access latency of the instruction cache and the data cache are 

listed below. 

Table 12-3 Access Latency of the Instruction Cache  

 

Note˻ 

The latency should take system delay into consideration 

Table 12-4 Access Latency of the Data Cache 

 

Note˻ 

The latency should take system delay into consideration 

12.3 I -Cache Fill Operation  

The instruction cache fill operation starts when a cacheable line is not 

in the I-Cache. A burst read request for the missed cache line is always 

sent first to the system bus to minimize the miss latency. 

The fill operation may be aborted by system bus errors. A precise 

instruction access fault is triggered for the instruction fetch causing the 

cache miss operation if the error is on the critical word. If the error occurs 

on non-critical words, the fill operation will be canceled and the missed line 

will not be installed into I-Cache. Instruction fetches before the non-critical 

error word will not be affected since they have received the required data. 

In Debug Mode, instruction fetches will not affect I-Cache contents. All 

I-Cache misses will not cause cache replacements in Debug Mode. 
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12.4 D-Cache Fill Operations  

The D-Cache fill operation starts when a cacheable line is not in the 

D-Cache. A burst read request for the missed cache line is always sent first 

to the system bus to minimize the miss latency. The read request will be 

followed by a burst write request if cache eviction is required. 

The fill operation may be aborted by system bus errors. A precise 

load/store access fault is triggered for the load/store instruction causing the 

cache miss operation if the error is for the critical word. If the error occurs 

on non-critical words, the fill operation will be canceled and the missed line 

will not be installed into D-Cache. Load instructions will not be affected by 

these errors since they have received the required data (the critical words). 

Store instructions will send a single bus request to write the data directly to 

the bus. 

In Debug Mode, load/store instructions will minimally affect D-Cache 

contents. All cache misses will not cause cache replacements, and only 

dirty bits may be affected by accesses to cache lines that are already in 

D-Cache. 

12.5 D-Cache Eviction Operations  

A burst write request will be sent to the system bus if a dirty line is 

evicted out of D-Cache. An imprecise bus-write error exception is triggered 

if the burst write request encounters system bus errors. 

12.6 FENCE/FENCE.I Operations  

FENCE/FENCE.I instructions can be used to write back or invalidate 

the cache content. The behavior of FENCE/FENCE.I is summarized in 

Table 12-5 Effects of FENCE/FENCE.I Instructions. 

Table 12-5 Effects of FENCE/FENCE.I Instructions  

 

 

FENCE do not flush (write back and invalidate) D-cache on U-mode. 
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13 Bus Interface Unit  

 

13.1 Introduction  

The bus interface unit (BIU) is responsible for off-CPU accesses which 

include system memory accesses and memory-mapped register accesses 

in devices. AE250 supports AHB bus protocols. 

13.2 BIU Block Diagram  

The following figure shows the block diagram of the bus interface unit. 

Requests for the external bus can come from fetch, load, and store 

accesses to memory. BIU includes an arbiter, a command FIFO, a 

write-data FIFO, a response FIFO, and a bus master. 

Figure 13-1 BIU B lock Diagram  
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13.3 Supported Trans action Types  

Table 13-1 AHB Transactions Used by  summarizes the transactions 

that BIU uses to access the AHB bus. 

Table 13-1 AHB Transactions Used by BIU  

 

13.4 Atomic Operations  

Atomic operations are implemented by locking the bus using the 

HLOCK signal when AHB is supported. The HLOCK signal is asserted to 

lock the AHB bus once the LR instruction is executed. BIU will hold the lock 

until it executes the SC instruction or the internal lock is cleared. 

Please see the usage descriptions for LR and SC instructions in The 

RISC-V Instruction Set Manual, Volume I: User-Level ISA (TD001) V2.2. 

13.5 Low Latency AHB Access Mode 

The low latency access option is designed to improve the bus access 

latency under low clock frequency conditions. 

This mode comes with a couple restrictions: 

1. Only AHB bus is supported. 

2. Bus must be synchronous. Although the bus clock could run slower 

(N:1 clock ratio) to reduce power consumption, the timing constraint 

must be 1:1 with respect to core_clk during synthesis. 

3. Cycle time is sacrificed in order to shorten the access latency. Bus 

signals are used directly without flops so internal critical paths will 

appear in the SoC timing report ð 1/2 of the bus cycle time should be 

reserved for internal paths of BIU. 
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14 Trap 

14.1 Introduction  

According to RISC-V Privileged Architecture, a trap is a control flow 

change of normal instruction execution caused by an interrupt or an 

exception. An interrupt is a control flow change event initiated by an 

external source. An exception is a control flow change event generated as 

a by-product of instruction execution. When a trap happens, the processor 

stops processing the current flow of instructions, disables interrupts, saves 

enough states for later resumption, and starts executing a trap handler. 

14.2 Interrupt  

AE250 provides three interrupt inputs: timer interrupt, software 

interrupt and external interrupt. Timer interrupts and software interrupts are 

local interrupts in a RISC-V platform, which means each processor in the 

platform receives its own timer/software interrupts. External interrupts are 

global interrupts in a RISC-V platform, which means they are shared by all 

processors in a RISC-V platform. External interrupts are arbitrated and 

distributed by a platform level interrupt controller (PLIC) to processors in 

the RISC-V platform. Each external interrupt source can be assigned its 

own priority, and each interrupt target (e.g., RISC-V processors) could 

select which external interrupt sources it would handle. PLIC routes the 

highest priority interrupt source to the target processor. PLIC is described 

in Platform-Level Interrupt Controller (PLIC). 

The mip CSR contains pending bits of these three interrupts, and mie 

CSR contains enable bits of these interrupts. The processor can selectively 

enable interrupts by manipulating the mie CSR, or globally disable 

interrupts by clearing the mstatus.MIE bit. 

In addition to external interrupts, AE250 may generate internal 

interrupts for the following events: 
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 ̧ Local memory slave port parity/ECC error (See Floating Point ISA 

Extension and mie.IMECCI and mip.IMECCI) 

 ̧ Bus-write transaction error (See mie.BWEI and mip.BWEI) 

 ̧ Performance monitor overflow (See mie.PMOVI and mip.PMOVI) 

14.3 Exception 

AE250 implements the following exceptions: 

 ̧ Instruction address misaligned exceptions 

Jump to misaligned addresses 

 ̧ Instruction access faults 

-  Bus errors caused by instruction fetches 

-  Uncorrectable ECC errors when fetching trap handlers under the vector 

PLIC mode 

 ̧ Illegal instructions 

-  Unsupported instructions 

-  Privileged instructions 

-  Accessing non-existent CSRs 

-  Accessing privileged CSRs 

-  Writing to read-only CSRs 

-  Executing Andes-specific instructions in the RISC-V compatibility mode 

(mmisc_ctl.RVCOMPM== 1) 

 ̧ Breakpoint exceptions 

 ̧ Load address misaligned exceptions 

 ̧ Load access faults 

-  Bus errors caused by load instructions 

-  ECC errors caused by load instructions 

 ̧ Store/AMO address misaligned exceptions 

 ̧ Store/AMO access faults 

ECC errors caused by store instructions 

 ̧ Environment calls 

 ̧ Stack overflow/underflow exception with StackSafe supported 

14.4 Trap Handling  

All traps are handled in M-mode. When a trap occurs, the following 

operations are applied: 

 ̧ mepc is set to the current program counter. 

 ̧ mstatus is updated. 

-  The MPP field is set to the current privilege mode 
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-  The MPIE field is set to mie 

-  The MIE field is set to 0 

 ̧ mcause is updated. 

 ̧ mtval is updated when any of address-misaligned, access-fault, or 

page-fault exceptions occur. 

 ̧ The privilege mode is changed to M-mode. 

 ̧ When mmisc_ctl.VEC_PLIC is 0, the program counter is set to the 

address specified by mtvec. 

 ̧ When mmisc_ctl.VEC_PLIC is 1, the mtvec register will be the base 

address register of a vector table with 4-byte entries storing addresses 

pointing to interrupt service routines. 

-  mtvec[0] is for exceptions and non-external local interrupts. For these 

traps, the mcause register records the trap type based on RISC-V 

definitions. 

-  mtvec[N] is for external PLIC interrupt source N. For the external PLIC 

interrupts, the mcause register records the interrupt source ID. The 

RISC-V architecture defines a two-level stack of interrupt-enable bits 

and privilege modes. To support nested traps, the trap handler should 

backup trap handling CSRs and enable the interrupt-enable bit. 

After handling a trap, the MRET instruction can be executed for 

returning to the privilege mode before the trap. When a MRET instruction is 

executed, the following operations are applied: 

 ̧ The program counter is set to mepc 

 ̧ The privilege mode is set to mstatus.MPP 

 ̧ mstatus is updated 

-  The MPP field is set to U-mode (or M-mode if U-mode is not supported) 

-  The MIE field is set to mpie 

-  The MPIE field is set to 1 
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15 Reset and Non-Maskable Interrupts  

15.1 Reset 

When the core_reset_n input signal is deasserted, the following 

operations are applied: 

 ̧ CSRs are set to their reset values 

 ̧ All integer registers (listed in Table 8-1 Integer Registers) are set to 

zero 

 ̧ BTB is initialized 

 ̧ Program execution starts with the address specified by the 

reset_vector input signal  

15.2 Non -Maskable Interrupts  

Non-maskable interrupts (NMIs) are intended for handling hardware 

error conditions and are assumed to be non-resumable. They are triggered 

through the nmi input signal. The rising edge of the signal causes an 

immediate jump to an address stored in the mnvec register and transition 

of the privilege level to M-mode, regardless of the state of a hartôs interrupt 

enable bit. 

The following operations are applied when an NMI is taken: 

 ̧ The mepc register is written with the address of the next instruction 

when the NMI was taken. 

 ̧ The mcause register is set to 1, indicating that NMI is caused by the 

nmi signal. 

 ̧ The mstatus.MPP field records the privilege mode before NMI was 

taken. 

 ̧ The mstatus.MPIE field is set to the value of mstatus.xIE before NMI 

was taken. The "x" is active privilege mode before the NMI was taken. 

 ̧ The mstatus.MIE field is set to 0. 
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16 Power Management  

16.1 Wait -For-Interrupt Mode  

The RISC-V WFI instruction enables the processor to enter the 

wait-for-interrupt (WFI) mode for reducing power consumption and 

power-gating of the processor should only happen when the processor is in 

the WFI mode. 

Upon execution of a WFI instruction, the processor stops all activities 

and asserts the core_wfi_mode output signal to indicate that the processor 

is in WFI mode.  

Once in WFI mode, memory transactions that are started before the 

execution of WFI are guaranteed to have been completed, all transient 

states of memory handling are flushed and no new memory accesses will 

take place. The core_clk and bus_clk_en input signals can be safely 

changed in this period for frequency scaling. This is also the safe period to 

power-gate the processor while making the I/D-Cache SRAMs enter the 

state retention mode. 

Slave port accesses are not disabled in WFI mode, but the processor 

requires core_clk to access local memories. When slave port accesses are 

still needed in WFI mode, core_clk should not be gated off. 

When the processor is in WFI mode and is awoken by the nmi or 

debugint signals, it will resume and start to execute from the first instruction 

of NMI or debug interrupt service routine. 

The processor can be awoken by the interrupts regardless the value of 

the global interrupt enable bit (mstatus.MIE). When the core is awoken by a 

taken interrupt, it will resume and start to execute from the corresponding 

interrupt service routine. When the core is awoken by a pending interrupt 

and mstatus.MIE is disabled, it will resume and start to execute from the 

instruction after the WFI instruction. Note that interrupts disabled by the 

mip CSR will not be able to awake the processor in WFI mode. 
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17 Memory Subsystem Error Protection  

17.1 Introduction  

AE250 includes support for soft-error protection for the memory 

subsystems 

17.1.1 Memory Subsystem Error Protection Scheme  

Two memory subsystem error protection schemes are supported: 

 ̧ Parity check 

-  Memory error detection through even parity check 

-  Detecting one bit error per byte 

-  Each 8-bit data requires one extra bit to store the parity bit 

 ̧ ECC 

-  Single-Error-Correction, Double-Error-Detection (SEC-DED) ECC 

-  Single-bit errors can be detected and recovered 

-  Double-bit errors can be detected but may not be recovered 

-  Each 32-bit data requires seven extra bits to store the ECC code 

17.1.2 Error Protected Memory Subsystem  

The AE250 memory subsystems protected by the Parity/ECC scheme 

include: 

 ̧ Cache memories 

-  Instruction caches (Tag RAM and Data RAM) 

-  Data caches (Tag RAM and Data RAM) 

 ̧ Local memories 

-  ILM 

-  DLM 
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17.1.3 Read-Modify -Write Operations  

For data RAMs, the unit of ECC protection is one 32-bit word (four 

bytes). The ECC code is computed and written to the data RAMs along 

with the data word. 

To write narrower data (e.g., a byte or a half word) into these RAMs, 

the processor must read data from the RAM, merge the read data with the 

write data, and then generate the ECC code for the merged data before 

writing back the merged data and the ECC code. This process is referred to 

as read-modify-write operations and these operations are done by 

hardware automatically in AE250. 

For parity protected RAMs, the unit of parity protection is one byte. The 

parity bits could be generated directly for all kinds of partial word (bytes and 

half-words) writes without the need for the read-modify- write operations. 

17.2 Parity/ECC Control Mode and Access types  

For each protected memory, a Parity/ECC enable control flag is 

defined with three modes: 

 ̧ Parity/ECC checking disabled 

 ̧ Generating exceptions on uncorrectable Parity/ECC errors 

 ̧ Generating exceptions on Parity/ECC errors 

17.2.1 Parity/ECC Checking Disabled  

The behavior of the Parity/ECC logic when Parity/ECC checking is 

disabled is: 

 ̧ Reads from RAMs will not trigger the ECC circuit at all. The raw data is 

directly returned. But all writes to RAMs still update/regenerate 

Parity/ECC codes. 

-  No exceptions would be generated. 

-  No Parity/ECC related registers will be updated. 

 ̧ The processor uses read-modify-write operations to store a partial 

word. 

17.2.2 Generating Exceptions on Uncorrectable Parity/ECC Errors  

The behavior of the Parity/ECC logic under this mode is: 

 ̧ Parity/ECC checking is enabled and all writes to the RAMs 

update/regenerate Parity/ECC codes. Generating Exceptions on 

Parity/ECC Errors; 
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 ̧ The processor gets the error-corrected data from RAMs; 

 ̧ The processor uses read-modify-write operations to store a partial 

word; 

 ̧ For accesses by the main pipeline n the CPU core: 

-  No exception would be generated for correctable errors. 

-  Exceptions would be generated for uncorrectable errors. 

-  The related error reporting registers would be updated on all 

Parity/ECC errors. 

 ̧ For accesses by the local memory slave port: 

-  No exception would be generated for any detected Parity/ECC errors. 

-  The standard bus error reporting mechanism is used to report 

uncorrectable errors for the slave port accesses. 

-  The slave port triggers local interrupts to signal that uncorrectable 

errors are detected.  

17.2.3 Generating Exceptions on Parity/ECC Errors  

The behavior of the Parity/ECC logic under this mode is: 

 ̧ Parity/ECC checking is enabled and all writes to the RAMs 

update/regenerate Parity/ECC codes. 

 ̧ The processor gets the gets the error-corrected data from RAMs. 

 ̧ The processor uses read-modify-write operations to store a partial 

word. 

 ̧ For accesses by the main pipeline in CPU core: 

-  All detected Parity/ECC errors would generate exceptions. 

-  The related error reporting registers would be updated on all 

Parity/ECC errors. 

 ̧ For accesses by the local memory slave port: 

-  No exception would be generated for any detected Parity/ECC errors. 

-  The standard bus error reporting mechanism is used to report 

uncorrectable errors for the slave port accesses. 

-  The slave port triggers local interrupts to signal that uncorrectable 

errors are detected.  

17.2.4 Error Handling in Caches  

The behavior of the cache ECC logic is controlled by the following 

CSR. See Cache Control Register for more information. 

mcache_ctl.IC_ECCEN 

mcache_ctl.DC_ ECCEN. 
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The definitions of correctable and uncorrectable errors and their 

handling are summarized in Table 17-1 Handling Correctable Errors in 

Caches and Table 17-2 Handling Uncorrectable Errors in Caches. 

Table 17-1 Handling Correctable Errors in Caches  

 

 

Table 17-2 Handling Uncorrectable Errors in Caches  

 

17.2.5 Error Handling in ILM and DLM  

The actions when a Parity/ECC error is detected in ILM/DLM are listed 

in Table 17-3 Local Memory Parity/ECC Error Handling. 

Table 17-3 Local Memory Parity/ECC Error Handling  

 

17.2.6 Behavior of Parity/ECC -Supported Local Memory Accesses  

The behavior of Local Memory ECC logic is controlled by 

milmb.ECCEN/mdlmb.ECCEN. See Introduction and Data Local Memory 

Base Register for more information. 
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Table 17-4 Parity/ECC Behavior for Local Memory Operations  

 
 

Table 17-5 Types of Parity/ECC Error Exception  
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18 Control and Status Registers  

18.1 Introduction  

The sections below describe the registers in detail. 

18.1.1 System Register Type 

 

18.1.2 Reset Value 

 

18.1.3 CSR Listing  

Table 18-1 Machine Information Registers  
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Table 18-2 Machine Trap Related Registers  

 

 

Table 18-3 Counter Related Registers  
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Table 18-4 Configuration Control & Status Registers  

 

 

Table 18-5 Trigger Registers  

 

 

 

Table 18-6 Debug Registers  
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Table 18-7 Memory and Miscellaneous Registers  

 

Tabl e 18-8 Hardware Stack Protection and Recording Registers  

 

 

Table 18-9 CoDense Registers 
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Table 18-10 PMP Registers 

 

18.2 Machine Information Registers  

18.2.1 Machine Vendor ID Register  

Mnemonic Name: mvendorid 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xf11 (standard read only) 

 

 

This read-only register provides the Andes JEDEC manufacturer ID: 

0x0000031e. 
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18.2.2 M achine Architecture ID Register  

Mnemonic Name: marchid 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xf12 (standard read only) 

 

 

This register provides the micro-architecture id of AndesCore 

processor implementations. For AE250, marchid.CPU_ID will be 0x0025. 

Note that the MSB of this register is 1 for commercial implementations of 

RISC-V processors. 

 

18.2.3 Machine Implementation ID Register  

Mnemonic Name: mimpid 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xf13 (standard read only) 

 

 

This register provides the revision number of the AE250 processor. 

Please see AndesCore N25(F) Release Note (RN168) for exact values. It is 

documented in the release note as MAJOR.MINOR. EXTENSION. 

 

18.2.4 Hart ID Register  

Mnemonic Name: mhartid 
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IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xf14 (standard read only) 

 

 

This register provides the ID of the hardware thread. It is required that 

one of the hart IDs must be zero on a RISC-V platform. The value of this 

register is determined by the HART0_ID parameter. 

 

18.3 Machine Trap Related CSRs  

18.3.1 Machine Status  

Mnemonic Name: mstatus 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x300 (standard read/write) 
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  When supervisor mode or N extension is not supported, the 

corresponding bits in mstatus are hardwired to zero. 

18.3.2 Machine ISA Register  

Mnemonic Name: misa 

IM Requirement: Required 
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Access Mode: Machine 

CSR Address: 0x301 (standard read/write) 

 

 

 

Table 18-11 RISC-V Definition of the Ext ensions Field  
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18.3.3 Machine Interrupt Enable  

Mnemonic Name: mie 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x304 (standard read/write) 
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When supervisor mode or N extension is not supported, the 

corresponding bits in mie are hardwired to zero. 

Each local interrupt can be configured with a local interrupt number. Bit 

location of interrupts are the same as their interrupt numbers. Register 

fields above show the default bit location.  

18.3.4 Machine Interrupt Pending  

Mnemonic Name: mip 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x344 (standard read/write) 
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18 Control and Status Registers 18.3 Machine Trap Related CSRs 

 

IPUG528-1.1E 78(403) 

 

 

Each local interrupt can be configured with a local interrupt number. Bit 

location of interrupts are the same as their interrupt numbers. Register 

fields above show the default bit location. 

18.3.5 Machine Trap Vector Base Address  

Mnemonic Name: mtvec 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x305 (standard read/write) 

 

 

This register determines the base address of the trap vector. The least 

significant 2 bits are hard-wired to zeros. When the configured address 

width is less than 32, the upper bits are hard-wired to zeros. When 

mmisc_ctl.VEC_PLIC is 0 (PLIC is not in the vector mode), this register 

indicates the entry points for the trap handler and it may point to any 4-byte 

aligned location in the memory space.  

On the other hand, when mmisc_ctl.VEC_PLIC is 1 (PLIC is in the 

vector mode), this register will be the base address of a vector table with 

4-byte entries storing addresses pointing to interrupt service routines. And 

this register should be aligned to 4096 byte (4 KiB) boundary. 

*mtvec[0] is for exceptions and non-external local interrupts. 

* mtvec[N] is for external PLIC interrupt source N coming from 

mip.MEIP. 

* mtvec[1024+N] is for external PLIC interrupt source N coming from 

** mip.UEIP when mideleg.UEI == 0 for M/U system. 



18 Control and Status Registers 18.3 Machine Trap Related CSRs 

 

IPUG528-1.1E 79(403) 

 

 

18.3.6 Machine Exception Program Counter  

Mnemonic Name: mepc 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x341 (standard read/write) 

 

This register is written with the virtual address of the instruction that 

encountered traps and/or NMIs when these events occurred. 

 

18.3.7 Machine Cause Register  

Mnemonic Name: mcause 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x342 (standard read/write) 

 

This register indicates the cause of trap, reset, NMI or the interrupt 

source ID of vector interrupt.  

This register is updated when trap, reset, NMI or vector interrupt 

occurs. 

 

The following tables show the possible values of mcause: 
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Table 18-12 Possible Values of mcause A fter Trap  

 

 

 

Table 18-13 Possible Values of mcause after Reset 

 

Table 18-14 Possible Values of  mcause after NMI  

 

Table 18-15 Possible Values of  mcause after Vector Interrupt  
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18.3.8 Machine Trap Value  

Mnemonic Name: mtval 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x343 (standard read/write) 

 

This register is updated when a trap is taken to M-mode. The updated 

value is dependent on the cause of traps: 

 ̧ For hardware breakpoint exceptions, address-misaligned exceptions, 

access-fault exceptions, or page-fault exceptions, it is the effective 

faulting addresses. 

 ̧ For illegal instruction exceptions, the updated value is the faulting 

instruction. If the length of the instruction is less than XLEN bits long, 

the upper bits of mtval are cleared to zero. 

 ̧ For other exceptions, mtval is set to zero. 

For instruction-fetch access faults, this register will be updated with the 

address pointing to the portion of the instruction that caused the fault, while 

the mepc register will be updated with the address pointing to the 

beginning of the instruction. 

When the configured address width is less than 32, the upper bits are 

hard-wired to zeros.  

 

18.3.9 Machine Scratch Register  

Mnemonic Name: mscratch 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x340 (standard read/write) 

 

This is a scratch register for temporary data storage, which is typically 
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used by the M-mode trap handler. 

 

18.3.10 Machine Extended Status  

Mnemonic Name: mxstatus 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x7c4 (non-standard read/write) 

 

 

18.3.11 Machine Detailed Trap Cause  

Mnemonic Name: mdcause 

IM Requirement: Required 
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Access Mode: Machine 

CSR Address: 0x7c9 (non-standard read/write) 

 

 

18.4 Counter Related CSRs 

18.4.1 Machine Cycle Counter  

Mnemonic Name: mcycle and mcycleh 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xb00 and 0xb80 (standard read/write) 
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The mcycle CSR counts the number of cycles that the hart has 

executed since some arbitrary time in the past. The mcycle register has 

64-bit precision. For RV32 processors like N25(F), reads of the mcycle 

CSR return the lower 32 bits, while reads of the mcycleh CSR return bits 

63ï32 of the mcycle CSR. 

18.4.2 Machine Instruction -Retired Counter  

Mnemonic Name: minstret and minstreth 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xb02 and 0xb82 (standard read/write) 

The minstret CSR counts the number of instructions that the hart has 

retired since some arbitrary time in the past. The minstret register has 

64-bit precision. For RV32 processors like N25(F), reads of the minstret 

CSR return the low 32 bits, while reads of the minstreth CSR return bits 

63ï32 of the minstret CSR. 

18.4.3 Machine Performance Monitoring Counter  

Mnemonic Name: mhpmcounter3ïmhpmcounter6 and 

mhpmcounter3hïmhpmcounter6h 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xb03 to 0xb06 and 0xb83 to 0xb86 (standard 

read/write) 

The mhpmcounter3-mhpmcounter6 and 

mhpmcounter3h-mhpmcounter6h CSRs count the number of selected 

events, which are selected by mhpmevent3-mhpmevent6. 

18.4.4 Machine Performance Monitoring Event Selector  

Mnemonic Name: mhpmevent3ïmhpmevent6 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0x323 to 0x326 (standard read/write) 

The event selectors are defined in Table 18-16 Event Selectors. 

Micro-architectural events are mostly speculative in nature. The counted 
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events could include events caused by speculative actions, unless they are 

defined to be non-speculative in the comment section. In particular, retired 

instruction counts are non-speculative counts. 

Table 18-16 Event Selectors 
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18.4.5 Machine Counter Enable  

Mnemonic Name: mcounteren 

IM Requirement: Required if User mode is implemented 

Access Mode: Machine 

CSR Address: 0x306 (standard read/write) 

 

 

The machine counter-enable register controls the availability of the 

hardware performance monitoring counters to the next-lowest privileged 

mode. The default value of this register is 0. 

When CY, TM, IR, HPM3, HPM4, HPM5, or HPM6 in the mcounteren 

register is clear, attempts to read the cycle, time, instret, hpmcounter3, 

hpmcounter4, hpmcounter5, or hpmcounter6 registers while executing in 

U-mode (M/U configuration) or S-mode (M/S/U configuration) will cause an 

illegal instruction exception. When one of these bits is set, accessing to the 

corresponding register is permitted in the next implemented privilege 

mode. 
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18.4.6 Machine Counter Write Enable  

Mnemonic Name: mcounterwen 

IM Requirement: mmsc_cfg.PMNDS == 1 and misa[20] == 1 

Access Mode: Machine 

CSR Address: 0x7CE (non-standard read/write) 

 

The machine counter write enable register controls the permission of 

writing the hardware performance monitoring counters in the next-lowest 

privileged mode and M-mode itself. The default value of this register is 0. 

When CY, IR, HPM3, HPM4, HPM5, or HPM6 in the mcounterwen 

register is clear, attempts to write the cycle, time, instret, hpmcounter3, 

hpmcounter4, hpmcounter5, or hpmcounter6 registers while executing in 

U-mode (M/U configuration) or S-mode (M/S/U configuration) will cause an 

illegal instruction exception. When one of these bits is set, writing to the 

corresponding register is permitted in the next implemented privilege 

mode. 

18.4.7 Machine Counter Interrupt Enable  

Mnemonic Name: mcounterinten 

IM Requirement: mmsc_cfg.PMNDS == 1 

Access Mode: Machine 

CSR Address: 0x7CF (non-standard read/write) 

 

The machine counter interrupt enable register controls whether a 

counter overflow interrupt is generated or not. The default value of this 

register is 0. 

When CY, IR, HPM3, HPM4, HPM5, or HPM6 in the mcounterinten 

register is clear, no overflow interrupt is generated for the corresponding 

counter. When one of these bits is set, an interrupt will be generated when 

the corresponding counter overflows (the counter value wraps around back 

to 0). 
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18.4.8 Machine Counter Mask for Machine Mode  

Mnemonic Name: mcountermask_m 

IM Requirement: mmsc_cfg.PMNDS == 1 and misa[20] == 1 

Access Mode: Machine 

CSR Address: 0x7D1 (non-standard read/write) 

 

The machine counter mask for M-mode register controls the 

performance counter behavior in Mmode. The default value of this register 

is 0. 

When CY, IR, HPM3, HPM4, HPM5, or HPM6 in the mcountermask_m 

register is set, the specific counter will not be incremented in M-mode. 

The setting in this register also controls the privileged mode of the 

overflow local interrupt when the corresponding counter overflows for the 

M/S/U configuration: For any bit in this register, if the corresponding 

counter overflows, an M-mode interrupt is triggered if the bit is zero and an 

S-mode interrupt is triggered if the bit is one. 

On the other hand, a counter overflow will always generate an M-mode 

interrupt for the M/U configuration, regardless of the settings in this register. 

18.4.9 Machine Counter Mask for Supervisor Mode  

Mnemonic Name: mcountermask_s 

IM Requirement: mmsc_cfg.PMNDS == 1 and misa[18] == 1 

Access Mode: Machine 

CSR Address: 0x7D2 (non-standard read/write) 

 

The machine counter mask for S-mode register controls the 

performance counter behavior in S-mode. The default value of this register 

is 0. 

18.4.10 Machine Counter Mask for User Mode  

Mnemonic Name: mcountermask_u 

IM Requirement: mmsc_cfg.PMNDS == 1 and misa[20] == 1 
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Access Mode: Machine 

CSR Address: 0x7D3 (non-standard read/write) 

 

The machine counter mask for U-mode register controls the 

performance counter behavior in U-mode. The default value of this register 

is 0. 

18.4.11 Machine Counter Overflow Status  

Mnemonic Name: mcounterovf 

IM Requirement: mmsc_cfg.PMNDS == 1 

Access Mode: Machine 

CSR Address: 0x7D4 (non-standard read/write) 

 

The machine counter overflow status register records the overflow 

status of performance counters. When a bit is set, it indicates that an 

overflow has happened to the corresponding counter. Write 1 to each bit 

will clear the overflow state for the corresponding counter. 

18.5 Configuration Control & Status Registers  

18.5.1 Instruction Cache/Memory Configurati on Register 

Mnemonic Name: micm_cfg 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xfc0 (non-standard read only) 

 

This register provides information about configurations of instruction 

cache and instruction memory. 
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18.5.2 Data Cache/Memory Configuration Register  

Mnemonic Name: mdcm_cfg 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xfc1 (non-standard read only) 
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This register provides information about the configurations of data 

cache and data memory. 
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18.5.3 Misc. Config uration Register  

Mnemonic Name: mmsc_cfg 

IM Requirement: Required 

Access Mode: Machine 

CSR Address: 0xfc2 (non-standard read only) 

 

This register provides information regarding miscellaneous processor 

configurations. 
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18.6 Trigger Registers  

18.6.1 Trigger Sel ect 

Mnemonic Name: tselect 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 
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CSR Address: 0x7a0 (standard read/write) 

 

This register determines which trigger is accessible through other 

trigger registers. The set of accessible triggers must start at 0, and be 

contiguous. Writes of values greater than or equal to the number of 

supported triggers might result in a different value in this register than what 

was written. Debuggers should read back the value to confirm that what 

they wrote was a valid index. 

Since triggers can be used both by Halt mode and Machine mode, the 

debugger must restore this register after the modification. 

18.6.2 Trigger Data 1  

Mnemonic Name: tdata1 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a1 (standard read/write) 

 

This register provides access to the tdata1 register of the currently 

selected trigger registers selected by the tselect register. 
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18.6.3 Trigger Data 2  

Mnemonic Name: tdata2 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a2 (standard read/write) 

This register provides access to the tdata2 register of the currently 

selected trigger registers selected by the tselect register, and it holds 

trigger-specific data. 

18.6.4 Trigger Data 3  

Mnemonic Name: tdata3 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a3 (standard read/write) 

This register provides access to the tdata3 register of the currently 

selected trigger registers selected by the tselect register, and it holds 

trigger-specific data. 
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18.6.5 Tr igger Info  

Mnemonic Name: tinfo 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a4 (standard read/write) 

 

 This register provides access to the tinfo register of the currently 

selected trigger registers selected by the tselect register, and it indicates 

the supported trigger types of the currently selected trigger. 

 
 

INFO[2] = 1. 

INFO[3] = 1, on trigger 0 or 1 (tselect = 0 or 1). 

INFO[4] = 1, on trigger 0 (tselect = 0) or 

on trigger 4 (tselect = 4) when Number of Triggers is 8. 

INFO[5] = 1, on trigger 1 (tselect = 1) when Number of Triggers is 2 or 

on trigger 3 (tselect = 3) when Number of Triggers is 4 or 

on trigger 3 or 7 (tselect = 3 or 7) when Number of Triggers is 8. 

18.6.6 Trigger Contorl  

Mnemonic Name: tcontrol 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a5 (standard read/write) 

 

This register provides accesses to the tcontrol register, and it indicates 

the current native M-Mode debugging settings. 
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18.6.7 Machine Context 

Mnemonic Name: mcontext 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a8 (standard read/write) 

 

This register provides access to the mcontext register. 

 

18.6.8 Match Control  

Mnemonic Name: mcontrol 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a1 (standard read/write) 

  This register is accessible as tdata1 when type is 0 or 2. 
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Note 

The LOAD/STORE fields take no effect and are cleared if the EXECUTE field is set at the 

same time. 

18.6.9 Instruction Count  

Mnemonic Name: icount 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a1 (standard read/write) 

This register is accessible as tdata1 when type is 3. 

This register exists just for single-stepping support so COUNT is 

hard-wired to 1. After this trigger fires, the mode bits (M, S, U bits) will be 

cleared instead of decrementing the COUNT bits. 
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18.6.10  Interrupt Trigger  

Mnemonic Name: itrigger 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a1 (standard read/write) 

This register is accessible as tdata1 when TYPE is 4. 

This trigger may fire on any of the interrupts configurable in mie. The 

interrupts to fire on are configured by setting the same bit in tdata2 as 

would be set in mie to enable the interrupt.  

 



18 Control and Status Registers 18.6 Trigger Registers 

 

IPUG528-1.1E 108(403) 

 

 

18.6.11 Exception Trigger  

Mnemonic Name: etrigger 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug and Machine 

CSR Address: 0x7a1 (standard read/write) 

This register is accessible as tdata1 when TYPE is 5. 

This trigger may fire on up to XLEN of the Exception Codes defined in 

mcause (with Interrupt=0). Those causes are configured by writing the 

corresponding bit in tdata2. 
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18.7 Debug and Trigger Registers  

18.7.1 Debug Control and Status Register  

Mnemonic Name: dcsr 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug 

CSR Address: 0x7b0 (debug-mode-only) 
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18.7.2 Debug Program Counter  

Mnemonic Name: dpc 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug 

CSR Address: 0x7b1 (debug-mode-only) 

 

 When entering Debug Mode, the dpc CSR is updated with the virtual 

address of the next instruction to be executed. The behavior is described in 

more detail in Table 18-17 Virtual Address in DPC upon Debug Mode Entry. 

When leaving Debug Mode, the hartôs PC is updated to the value stored in 

this register. The external debugger may write this register to change 

where the hart resumes. 
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Table 18-17 Virtual Address in DPC upon Debug Mode Entry  

 

18.7.3 Debug Scratch Register 0 

Mnemonic Name: dscratch0 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug 

CSR Address: 0x7b2 (debug-mode-only) 

 

A scratch register that is reserved for use by Debug Module. 

18.7.4 Debug Scratch Register 1 

Mnemonic Name: dscratch1 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug 

CSR Address: 0x7b3 (debug-mode-only) 

 

A scratch register that is reserved for use by Debug Module. 

18.7.5 Exception Redirection Register  

Mnemonic Name: dexc2dbg 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug 

CSR Address: 0x7e0 (non-standard read/write) 
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This register redirects selected exceptions to cause the hart to enter 

Debug Mode instead of performing the standard trap handling. 

When an exception is redirected to enter Debug Mode, the dpc CSR 

will be updated with the virtual address of the instruction causing the 

exception. The dcsr.CAUSE field will be updated with a value of 1 (ebreak). 

The actual cause of the exception is saved to the ddcause CSR. The 

required updates to mepc, mcause, mtval, mstatus, and mxstatus CSRs for 

exceptions will not be affected by the redirection and these CSRs continue 

to provide information associated with the corresponding exceptions. 
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18.7.6 Debug Detailed Cause  

Mnemonic Name: ddcause 

IM Requirement: DEBUG_SUPPORT 

Access Mode: Debug 

CSR Address: 0x7e1 (non-standard read/write) 
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