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Why Running Cortex-M Processors on FPGA? 

 MCU / SoC / ASSP Design prototyping 

 

 Peripheral / System IP Design and Verification 

 

 Specialized products with small production volume 

 

 For education 

 

 

 



3/14/2014 

2 

3 

 

The ARM Cortex-M Processor Family 

 

ARM® Cortex®-M Configurable 

Low Silicon Area Ease of Use 
Deterministic 

WIDELY ADOPTED 

MARKET PROVEN 

HIGH VOLUME 

Energy Efficient 

Cortex-M3 

“16/32-bit” 
applications 

Performance 
efficiency 

Feature rich 
connectivity 

Cortex-M4 

“32-bit/DSC” 
applications 

MCU plus DSP 

Accelerated 
SIMD, FP and 

SP 

Cortex-M1 

FPGA 
optimized 

Tightly 
Coupled 
Memory 

“8/16-bit” 
applications 

Lowest power 

Outstanding 
energy 

efficiency 

Cortex-M0+ 

“8/16-bit” 
applications 

Low cost 

Low power 

Cortex-M0 
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ARM Cortex-M1 Processor 

 Various way to get the ARM Cortex-M1 

 Standard ARM licensing 

 Microsemi® Libero IDE + Microsemi Cortex-M1 Enabled Devices 

 Altera® Cyclone® III edition (netlist version) 

 

 Technical features 

 ARMv6-M Architecture 

 FPGA optimized design (high clock frequency) 

 Integrated Memory System - Tightly Coupled Memory (TCM) 

 FPGA specific configurations/features 
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Which FPGA? 

 About the ARM Cortex-M Processors 

 Verilog RTL source code (Verilog-2K) 

 Configurable (Verilog parameters) 

 Use rising edge triggered flip-flops* 

 Fully static synchronous logic 

 

 FPGA requirements – any modern FPGA with 

 Sufficient Size 

 Meet required Speed 

 FPGA image encryption** - IP protection 

Easy to synthesis 

and  

Integrate 

* Except JTAG’s TDO output 

** If the design is to be distributed 
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FPGA Size 

 Cortex-M0, M0+, M1 processors 

 Small enough to fit into small FPGA boards 

 E.g. Under 16K Logic Elements (Altera LE) 

 

 Cortex-M3, Cortex-M4 

 Ideally 40K LE or above 

 Full feature Cortex-M4 with FPU fitted nicely in first generation 

of Microcontroller Prototyping System (MPS)* with 50K LE 

Altera Stratix III device 

 

FPGA board Tested 

Terasic DE0 (Cyclone III, ~16K LE)  (Cortex-M1) 

Terasic DE1 (Cyclone II, ~20K LE)  (Cortex-M0) 

Digilent Nexys III (Spartan-6 XC6LX16)  (Cortex-M0) 

* Replaced by new FPGA board product Cortex-M Prototyping System 
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FPGA Speed 

 Trial results based on 

 CMSDK example system (Processors + Peripherals) 

 16KB instruction memory, 8KB data memory 

 Out of box (no manual placement) 

 

 Speed affected by 

 Standard factors (speed grade, pin constraints, device 

utilization, clock configurations, etc) 

 Processor configurations (e.g. MPU) 

 Size of memory blocks 

 

Processor No MPU With MPU 

Cortex-M0 >98MHz - 

Cortex-M0+ >106MHz >95MHz 

Cortex-M3 >93MHz >88MHz 

Cortex-M4 w FPU >84MHz >81MHz 

Altera Stratix III (EPS3SL50F780C2), Quartus II 10.1 

Processor No MPU With MPU 

Cortex-M0 >60MHz - 

Cortex-M0+ >60MHz >51MHz 

Cortex-M3 >46MHz >43MHz 

Cortex-M4 w FPU >43MHz >40MHz 

Altera Cyclone V (5CEBA5U19C7), Quartus II 12.1 
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Cortex-M1 Processor Speed and Area 

 Supported on various FPGA types, for example 

 FPGA Type Example Frequency 

(MHz) 

Area (LUTS) 

65nm Altera Stratix III, Xilinx Virtex-5 200 1900 

90nm Altera Stratix II, Xilinx Virtex-4 150 2300 

65nm Altera Cyclone III 100 2900 

90nm Altera Cyclone II, Xilinx Spartan 3 80 2600 

130nm Actel ProASIC 3, Actel Fusion 70 4300 Tiles 

http://www.arm.com/products/processors/cortex-m/cortex-m1.php 

http://www.arm.com/products/processors/cortex-m/cortex-m1.php
http://www.arm.com/products/processors/cortex-m/cortex-m1.php
http://www.arm.com/products/processors/cortex-m/cortex-m1.php
http://www.arm.com/products/processors/cortex-m/cortex-m1.php
http://www.arm.com/products/processors/cortex-m/cortex-m1.php
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Adding AHB Memory Interface 

 Adding Memories inside the FPGA 

 Synthesisable FPGA memory model available (see paper) 

 

 Adding external asynchronous SRAM/PSRAM 

 AHB to external SRAM module available in CMSDK 

 

 Adding other external memories (DDR/DDR2) 

 ARM CoreLink™ memory controller IP available from ARM 

 3rd parties memory controller IP 

 

Easiest, 

High performance, 

Limited space 

Easy to add, 

Limited access speed 

Large memory size, low cost, 

Require IP licensing, 

Also need level 2 cache 
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FPGA Boards 

 Factors to consider 

 FPGA device 

 Memory System 

 Debug Connectors 

Memory Type Pros Cons 

SRAM Easy to integrate with  

AMBA® AHB 

Slow (Typically data width is 

16-bit only, and need 

multiple cycle per accesses) 

PSRAM Easy to integrate with AHB 

 

Low cost with large memory size 

Slow (Typically data width is 

16-bit only, and need 

multiple cycle per accesses 

for asynchronous mode). 

ZBT SSRAM Fast access time 

Easy to integrate with AHB 

Relatively higher cost 

DDR/DDR2 Large memory size 

Low cost 

Need DDR controller IP 

and high access latency 

Flash memory Large memory size 

Low cost 

Slow access time 

Typical Memory devices on FPGA board 

20 pin IDC connector
10 pin Cortex debug 

connector

20 pin Cortex debug + 

ETM trace connector

38 pin Mictor 

debug+trace connector
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ARM Cortex-M Prototyping System 

 Larger FPGA  

 Cyclone 5, 5CEBA7F31C8N with approx 150K LE 

 Memory System 

 4 x 2MB ZBT SSRAM (32-bit each, 2 of them arranged as 64-bit) 

 16MB PSRAM (16-bit) 

 Broad range of peripherals  

 Touch screen color LCD, GPIO, SPI, I2S audio, VGA, Ethernet, 

DIP switches, buttons, LEDs 

 Expansion ports (easy to use IDC headers) 

 Bit image encryption support 

 

Includes 
• FPGA images for Cortex-M processors 

• Example project 

Range of Debug 

Connectors 
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Architecture of the Cortex-M Prototyping System 
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System IP Requirements – What you Might Need 

 Peripherals 

 Available from many vendors 

 Existing ARM Cortex-M Processors use AHB Lite (Advanced High-

Performance Bus) 

 AHB fabric components for connecting AHB components 

 AHB to memory (Block RAM) 

 AHB to external memory 

 AHB bridges (sync up, sync down, 32bit  64-bit) 

 Peripherals could be connected using APB (Advanced Peripheral Bus) 

 AHB to APB bridge 

 APB fabric components 

 

 

Available 

from ARM 
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Cortex-M System Design Kit (CMSDK) 

 CMSDK included 

 AHB Lite & APB components 

 Peripherals 

 Example systems for Cortex-M Processors 

 Example software, simulation scripts 

 Verification components 

 Modifiable RTL sources 

 

 Subset of CMSDK is included in example project for 

Cortex-M Prototyping System * 

 * Based on Cortex-M0 DesignStart, CPU to be licensed separately. 

Easy to use, 

Faster time to market, 

Designs are optimized for low latency,   

low gate count 
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Merging Program Memory and Data Memory 

 Typical microcontrollers has flash (ROM) and SRAM 

 They can be merged into one memory block because SRAM in FPGA can have initial values 

0x00000000

0x20000000

ROM

RAM

Typical memory map in 

microcontrollers

0x00000000

0x20000000

SRAM

Merging of ROM and 

RAM in a FPGA design

Program image

Data variables, stack, 

heap, etc

Program image

Data variables, stack, 

heap, etc

One SRAM block 

for two functions 

Makes system design 

simpler 
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Other Design Considerations - Clocks 

 How many clocks do I need? 

 A: Typically two – System and JTAG/Serial Wire 

Cortex-M0/M0+

Processor core

Debug 

slave bus 

port

Serial Wire / 

JTAP DAP 

module

Memory system, 

peripherals

Debug 

Interface
System

Cortex-M0, Cortex-M0+ 

Cortex-M3/M4

Processor core

Debug 

busSerial Wire / 

JTAP debug 

port module

Debug 

Access 

Port

Trace Port 

Interface Unit 

(TPIU)

Trace 

bus

Memory system, 

peripherals

Trace 

port

Debug 

Interface

Debug 

bus
System

Trace 

interface

Cortex-M3, Cortex-M4 

Can merge as one clock domain 
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Other Design Considerations - Reset 

 Reset types 

 Power on reset 

 System reset 

 

 System Reset Request  

(SYSRESETREQ) 

 Trigger by software 

 Trigger by debug 

Cortex-M

Processor core

Power-on / 

Debug reset

System 

Reset

Reset 

Synchronizer

External 

reset source

Reset 

generator

Reset 

generator

Reset 

Synchronizer

System reset 

from debug 

connector

SYSRESETREQ

Other reset source 

(e.g. watchdog timer)

Reset everything 

Reset processor core and system 

(System 

Reset 

Request) 
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Other Available Choices 

 Cortex-M processor based configurable devices 

 MicroSemi SmartFusion 

 Cypress PoS5LP, PSoC4 

 Triad Semiconductor Mocha Configurable Array 

 

 Complete IDE with  

 Device configuration wizards – no RTL coding 

 Peripheral libraries 

 Software driver 

 

Cypress PSoC® 5LP 

SmartFusion™ 

Mocha Configurable Array 
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Conclusions 

 ARM Cortex-M Processors can be prototyped on FPGA boards easily 

 Configurable Verilog RTL 

 Good performance on modern FPGA devices 

 Various products are available to make it easier 

 Cortex-M Prototyping System – FPGA board designed for ARM systems 

 Cortex-M System Design Kit (CMSDK) – System IP solution 

 Memory handling for different requirements 

 On chip AHB memory 

 Off chip memories solutions 

 Alternative prototyping solutions 


