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Trend Towards Embedded Processors

• Embedded Processor well suited to implement control flow based 
applications

• Programmable solution allows more flexibility for the design

• On-chip processor gains close interaction with the dedicated HW 
logic

• Application specific HW modules can be integrated into processor & 
SW environment

• Integrated development tools
allow fast design cycle time

• Open source & soft IP avoid
obsolescence
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The Lattice Mico32 Embedded RISC Processor Core

• Innovative Open IP Soft Core License
– No Fees or Royalties
– Provides visibility, flexibility and portability

• Performance Enhanced Features
– Load/Store RISC Architecture
– Harvard Architecture

• 32-bit Data Path
• 32-bit Instruction Path

– 32 General Purpose Registers
– Handles Up to 32 External Interrupts
– Optional Instruction and/or Data Cache
– OpenCores WISHBONE Compatible Busses
– DMA controller

• Rich Peripheral Selection

• Easy to Use Development Tools
– Platform definition
– C/C++ software development
– Debug

• Interconnect
– 32 bit Wishbone instruction

& data bus
– Shared bus arbiter

• Memory
– On Chip Memory
– Parallel Flash
– Async SRAM
– DDR1/DDR2
– SDRAM
– SPI Flash

• Peripherals Components
– DMA Unit
– GPIO, Timer, UART, SPI
– I2C Master (Opencores)
– Tri-Speed Ethernet MAC
– PCI Target Controller
– Custom User Components

• Custom Extensions
– “Write your Own”
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Mico32 Arcitecture
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Mico32 Configuration Options
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Mico32 Memory System
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Combine Processor Core with Custom Components

• Mico32 architecture can be enhanced by custom 
components
– Custom component map to wishbone bus interface
– Easy to integrate via GUI wizard
– Write to/read from external components
– Components can be used as co-processing units to boost 

performance
• Component mapped into memory or IO space of Mico32
• Synchronization via interrupt or polling
• Write to registers may perform side effects
• Examples:

– CRC calculation
– Data extraction from data stream
– Enhance functionality by DSP functions, memories, logic.

– Direct interconnection with FPGA fabric logic
– SW access handled via templates



Von der HW zur SW in FPGAs mit Embedded Prozessoren - October 2010 Lattice Semiconductor ConfidentialPage:  10

• Wishbone bus signals

• Map to custom component internal names

• Clock/Reset

• Custom component user logic

• Custom component user signals exported to external interface

Integration of Custom Components
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GUI for Custom Component Creation

Please see all details in the Example section!
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Mico32 System Builder
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Build HW - Write SW - Evaluation Board - Debug
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SW Development & Debug Environment
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Mico32 Evaluation Board for fast Tryout & Turnaround

• LatticeMico32 System

• Development Board
– LatticeECP2 available
– DDR SODIMM socket 
– 2x128 Mbit Flash + 2x4 Mbit SRAM 
– USB 2.0 connector for programming 
– Flywire connector for programming
– 9-pin RS232 serial port
– 15-pin VGA connector for 64 colors
– Ethernet 10/100 M full/half duplex
– Multiple USB connectors
– Sigma Delta D/A converter
– Audio interface (line-in and line-out) 
– LCD connector for character displays
– 25 MHz oscillator
– Two-character 7-segment display

• Power Supply & USB Cable

• Also other evaluation boards available
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Reveal - Debug Flow/Tool

• Uses Signal-Centric Method
– Eliminates user need to 
“design” and connect debug 
core

• Two Tool Model
– Inserter used to add debug 

and manage design
– Analyzer used to connect / 

program / run / analyze device
• Powerful Complex Trigger 

Functions
– =, !=, >, >=, <, =<, rising edge, 

falling edge
– AND, OR, XOR, NOT, THEN, 

Next
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A bit on Software

• SW development environment creates all the necessary drivers for
accessing the selected components/peripherals.
– Initialization routines
– Access routines
– Data/address/register structure
– Call init from global init routine
– Interrupt routine

• Build process creates:
– DDStructs.c/.h
– DDInit.c
– system_conf.h

• Custom components will be
supported by templates of the
above.
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HW/SW EXAMPLE
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Using an FPGA HW module as Custom Extension

Custom extension - can be any HW functionality, such as CRC 
calculation, framing/de-framing, extraction of control 
information, signal processing, data/memory transactions, …
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HW/SW EXAMPLE

CRC

Mode

EXAMPLE: CRC Calculation

Custom extension - can be any HW functionality, such as CRC 
calculation, framing/de-framing, extraction of control 
information, signal processing, data/memory transactions, …

Status
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CRC Generation with Custom Component

CRC Generation with Custom Component

Functionality
– Set initialization Value
– Write new data onto CRC
– Read current CRC
– Mode bits, Status bits, Interrupt

Registers
– 0x00: CRC Init Value
– 0x04: CRC Polynom
– 0x08: Write new data word
– 0x0C: Read CRC value
– 0x10: Interrupt Register
– 0x14: Set mode bits
– 0x18: Read status bits

Interface
– Clock, Reset
– Interrupt
– Wichbone signals
– Mode/Status (external signals)

CRC
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HW/SW EXAMPLE

How to Define and Implement a Custom Component

– Definition of the Custom Component (VHDL/Verilog)

– Assign Wishbone signals of the custom component to the Wishbone signals 
used by Mico32 for internal communications.

– Definition of external Inputs/Outputs

– Assign design files for HW implementation of the Custom Component.

– Definition of the parameters, such as address range, base address, data 
width, interrupts, ...

- This parameters will then be used during configuration of the custom
component

– SW Template for Definition of the used data types

– SW Files Template for access routines, init routines, any other SW aspects 
to be assigned to the custom components

- This can be used functionally in the created SW framework
- Init routines will be included automatically into the SW

initialization mechanism
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Define Custom Component (VHDL/Verilog)
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Define Component
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Assign Wishbone Interface
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External Ports
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RTL Files
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Parameters
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Define SW Data Type
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Assign SW Files
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Include Custom Component into Your Design
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Custom Component Header File
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SW generated Files: DDStruct, DDInit
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System Defines
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SW Build Process

Build process creates:
– DDStructs.c/DDStructs.h:

Contains data types & device driver
– DDInit.c:

Initialization routines for Mico32 & peripheral modules
– system_conf.h:

Configuration data such as address range, base address, ...

Application SW (main) can now access to this custom component via 
these access routines & defines

Init routines will be included automatically into the SW initialization 
mechanism
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SW Usage Model
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CONCLUSION

Implementation of embedded RISC processor combined with custom 
component allows simple & powerful interaction between SW 
programmable solution and HW implementations

Processor architecture created by MSB – Mico32 System Builder –
graphical user interface by point & click

Fully supported by GUI for definition of Custom Component (incl.
Assignment of SW drivers)

All relevant SW drivers automatically generated for standard peripherals 
and custom components

Ease of use leads to fast path to application programming

Free of Charge Download:
http://www.latticesemi.com/products/intellectualproperty/ipcores/mico32/
mico32developmenttools.cfm

http://www.latticesemi.com/products/intellectualproperty/ipcores/mico32/


Thank you …


