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SoC Definition

= What exactly is SoC?

e Entire system built on a single piece of silicon

e Includes a processor, memory, DSP Cores, |0 devices, interfaces to
external circuitry, and custom IPs as Verilog or VHDL modules

e SoC designs primarily used in embedded applications

m SoC design brings a new level of complexity to IC design
Cost to develop is very high

Large and complex IP from many diverse sources

“Black box™ view of IP (cannot change or “see” details)

Lack of existing interface standards

Fairly complex SW running on an on-chip CPU

Integration, performance, and power are crucial

Mixed signal (analog & digital) circuitry

FActel
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Embedded System Definition

m A dedicated computer hardware with software designed to
solve a specific problem

m Uses “hidden” microprocessors from 8bit MC to 64-bit MP
s Some RAM or ROM is required; Flash commonly used

= ...and a mix of Timers, Interrupt controller, UARTs, GPIO,
DMA controllers, Real time clock, LCD controller...

s Embedded system software divided into operating software
and application software

‘Actel’
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Embedded System Diagram

ROM
(software)

Custom
Hardware

Peripherals
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Embedded System Design Constraints

Cost

Memory

Power

Real-time Response
Performance
System Size
Reliability
Time-to-Market
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Embedded System Classification

m Little or no custom hardware design
e Time-to-market requirement
e Use high integration microprocessor or off the shelf boards

m A lot of custom hardware — SoB design
e High performance requirements
e High performance microprocessor (PowerPC, MIPS chips)
e Large custom logic on boards (FPGA, ASIC)
e Even maybe multiple boards...

m A lot of custom hardware — SoB design
e Small size and low-power requirements
e One or more microprocessors on a chip
e |Ps such as ARM or MIPS
e Cost to develop is very high
e Consumer electronics: MP3, digital cameras...

fActe
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Embedded System Design Process

<

ﬁ Product Requirements

/

I
ﬁ System Architecture

/

I
ﬁ Microprocessor Selection '

[ Software Design Hardware Design }

Hardware and Software
Integration

L Verification & Validation }

fActe
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Embedded System Design Process

= Requirements
e Product specifications
e Required features and functionalities

m System Architecture
e Defines major blocs and functions
e Interfaces, bus structure, HW & SW functionalities
e Simulation, SW, and Spreadsheet to define best architecture
e How many packet/sec can this router handle?

m Microprocessor selection
e One of the most difficult tasks
e Perf, cost, power, SW dev. Tools, legacy SW, RTOS, Sim models...

fActe
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Embedded System Design Process

m Hardware Design
e Important data to the SW team

e CPU address map, Register definition for all SW programmable
registers

m Software Design
e Boot code

e Hardware diagnostics, device drivers, Application software
e RTOS

s Hardware & Software integration
m Verification and Validation

fActe
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Example1: Embedded System

m In order to test the hardware, a Cordic algorithm is to be
iImplemented. This algorithm calculates the sine and cosine
functions of a given number. Such a number is to be
entered over the UART interface through a Hyper-Terminal
or some similar program on a PC.

m The first action of the main program will initialize the UART.
Then some text is to be output over the UART, following
which the program would wait for input from the user. Such
input would first be checked for any errors, before being
formatted as a fixed point number, with 8 bits before and 24
bits after the decimal point, and passed on to the function
that implemented the Cordic algorithm.

m [he result of the calculation are to be transformed back into
strings and output over the UART.

‘Actel’
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ARM History

m First ARM Processor Developed in Mid-eighties
e Acorn Computers, Limited in Cambridge, England
e Originally, ARM Stood for Acorn RISC Machine
e Later Changed to Advanced RISC Machine

= All Major Chip Manufacturers Have Licenses to One or More
ARM Cores, more than 100...

e Analog Devices, Atmel, Cirrus, Fujitsu, IBM, Infineon, Intel,
Mitsubishi, Motorola, National Semiconductor, NEC, Philips, Sharp,
ST Microelectronics, Texas Instruments, Toshiba ...

= ARM7TDMI Most Popular ARM Core in Embedded Systems

m Business Model
e License fees for microprocessors and other IP blocks
e Per-chip royalties on shipments of chips using ARM IP
e Tools & boards to support development and debugging

fActe
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ARM Processors

m Established Processors
e ARMY (e.g., Actel’'s CoreMP7), ARM9, ARM11, and Others

m RISC principles: Simplicity and High Instruction Throughput

m New Cortex Processors from ARM
e Range of Processors which Target Different Markets/Applications
= Three Cortex Variants:

Series Market Segment Instruction Sets
Supported
A Applications — Complex Operating Systems | ARM, Thumb and
and User Applications Thumb-2
R Real-time Systems ARM, Thumb and
u -
R -
M Microcontroller — Deeply-embedded Thumb-2 Only
Processors for Cost/Power-sensitive
~— Applications —
mrcﬁ!e“ Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 17



RISC Processors

m World Domination

Merchant RISC Microprocessor Shipments (1000s)

thru 1994 1995 1996 1997 1998 1009 2000 2001
ARM/StrongARM | 2,170 | 2,100 | 4,200 | 9,800 | 50,400 [152,000] 414,000 [ 402,000
MIPS 3254 | 5500 | 19,200 | 48,000 | 53,200 | 57,000 | 62,800 | 62,000
Hitachi SH 2.800 | 14,000 | 18,300 | 23,800 | 2,600 | 33,000 | 50,000 | 45,000
PowerPC 2,000 | 3,300 | 4,300 | 3,800 | 6,800 | 8,300 | 18,800 | 23,000
Total 30,499 | 33,830 | 58,480 | 98,220 | 149,080 | 262,820 | 556,800 | 538,860

Source: Andrew Allison

FActel
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ARM’s New Processor Family

m Cortex
e Common Architecture across All Cores
e Thumb®-2 Blended 16/32-bit ISA
e Three ARM Cortex Series
= Applications (A Series)
= Real-time (R Series)
= Microcontroller (M Series)
m Cortex-M1 Processor
e Designed for FPGA Implementation
e Upward-compatible with Cortex Range
e Easy Path to ASIC

. Cortex™-A8

ARM11

ARM10

ARM9

ARM7TDMI (CoreMP7) —» | ARM?

fActe
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ARM Cores

= Hard Macro form
e Provided as a layout object
e High performance and small die area
e Limited portability between different silicon processes

m Soft Macro form
e Verilog RTL format
e More flexibility
e Less performance
e Most common form today!

—_—

fActe
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Cortex-M1
Next Member of the M Series

= Intended for FPGA Implementation
e Soft Processor (Implemented in FPGA Fabric)

= Small, Powerful, Highly-optimized, and Configurable

s ARMv6-M Architecture

e Subset of Thumb-2: All 16-bit Thumb Instructions and Some 32-bit
Thumb-2 Instructions

m Delivered as Black Box via SmartDesign

fActe
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Actel Processor Offerings

8-bit Offerings

: Cortex-M1
©  Actel/ARM

LEONS

Gaisler

CoreMP7
Actel/ARM

Core8051
Actel

Core8051s
Actel

CoreABC

Actel

Performance (DMIPS) -

Core Size (Tiles) 2
AMBA: Advanced Microcontoller Bus Architecture DMIPS: Dhrystone MIPS (Million Instructions Per Second)

FActel
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Cortex-M1
Qverview of Features

m Soft 32-bit IP Core for FPGAs T
e High-frequency, Low-area Design "i':g.ﬁ.,

NVIC

e Executes All Existing Thumb® Code
e ARMvV6-M Instruction Set (Thumb?2)
e Nested Vectored Interrupt Controller (NVIC)

m Balance between Size and Speed
e Operates at up to 62MHz
e Implemented in as few as 4300 Tiles (A3P / Fusion
e Uses Three-stage Pipeline

= Interfaces
e ARM AMBA® AHB-Lite™ Interface (Single Master)

e Separate Data & Instruction Memory Interfaces
e Debug via JTAG Interface

fActe

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 23



Cortex-M1

N

fActe
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Vectored Interr ntroller (NVI
Name of register Type Address
Interrupt Set Enable Register R/AW OXEOOOE1GO
Interrupt Clear Enable Register R/AW OXEOOOE180
Interrupt Set Pending Register R/W OXEQOOE200
Interrupt Clear Pending Register R/W OXEOOOE280
Priority O Register R/W OXEOOOE400
Priority 1 Register R/W OXEOOOE404
Priority 2 Register R/W OXEOOOE408
Priority 3 Register R/W OXEQOOE40C
Priority 4 Register R/W OXEOOOE410
Priority 5 Register R/W OXEOOOE414
Priority 6 Register R/W OXEOOOE418
Priority 7 Register R/W OXEQOOE41C

Introduction to Cortex-M1 v1.8

Source: ARM Inc.

Actel Corporation © 2009
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Processor Architectures

FActel
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von Neumann

Memory
CPU
_ MPU ___
Input/
output
subsystem
n
n-bit
system
bus
Input/output
devices

One Bus - Program and
Data Located in Same
Address Space

Introduction to Cortex-M1 v1.8

Harvard

Memory

Memory bus

CPU

MPU I/O bus

Input/
output
subsystem

Input/output
devices

Two Buses - Program and
Data Located in Separate
Address Spaces

Actel Corporation © 2009
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Cortex-M1
. I o

m Cortex-M1 is von Neumann Architecture ...
e Linear 32-bit Address Space (4 GB)
e Only Load, Store, and Swap Instructions Can Access Data from Memory
m ... Separate Tightly-Coupled Memories Make It ‘Slightly Harvard’
e Separate Instruction and Data TCMs
e Limited to TMB (Maximum) Each
m Cortex-M1 Processor Supports Three Data Types
e Word (32-bit)
e Half-word (16-bit)
e Byte (8-bit)
m Data Alignment
e Words Must Be Aligned to Four-byte Boundaries
e Half-words Must Be Aligned to Two-byte Boundaries
e Bytes Can Be Placed on any Byte Boundary

m Supports Both Big- and Little-endian Formats

fActe
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Cortex-M1

b | ; L
m Historically, Intel uses Little-endian and RISC Big-endian
= ARM allows the user to choose the byte order

DATA[31:0] | Address 3 | Address 2 | Address 1 | Address 0

31 24 23 16 15 87 0

Lictle endian byte order

DATA[31:0] | Address O | Address 1 | Address 2 | Address 3

31 24 23 16 15 87 0

Big endian byte order

fActe
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Cortex-M1
. I o

m When data transfers are a full word, the data on the bus is
identical for both big-endian and little-endian byte order

m Endianness becomes important for both master and slave
when data transfers on the bus are for 1 or 2 bytes

m One of the first questions to always ask for a new design is,
“What is the byte order of the design, big or little endian?”

‘Actel’
FOWER MATTERE
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Cortex-M1
. I o

m RISC 32-bit architecture gives best performance to
operate on 32-bit data

m Drawback: amount of memory required to hold 32-
bit instructions, especially in embedded systems

m Code Density in Embedded Systems

= ARM allows running 16-bit instructions called
Thumb: 30% less memory for 30% less
performance

‘Actel’
FOWER MATTERE
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Cortex-M1

Memorv M

Little-endian Is
Default Memory
Access Format

Tightly-Coupled -
Memory Spaces \,

OXEOOFFFFF
ROM Table
0XEOOFF000
Reserved
0xE0042000
Reserved
0xE0041000
Reserved
0xE0040000
OXEOO03FFFF
Reserved
0XE000F000
Debug Control
0XEO000EDOO
0XE000E000 NVIC
Reserved
0xE0003000
BPU
0xE0002000
DW
0xE0001000
Reserved
0xE0000000
OX3FFFFFFF
511MB  External
0x20100000
1MB DTCM
0 0000
Ox1FFFFFFF
511MB  External
0x007T9Q000
1MB ITCM
0x00000000

T~/

A

OxFFFFFFFF
Reserved

0xE0100000
Internal Private Peripheral Bus 0xE0000000
OxDFFFFFFF

External Device 1GB
0xA0000000
Ox9FFFFFFF

External 1GB
0x60000000
OX5FFFFFFF

Peripheral 0.5GB
0x40000000
Ox3FFFFFFF

SRAM 0.5GB
0x20000000
Ox1FFFFFFF

Code 0.5GB
0x00000000

FActel

FOWER MATTERE

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009




M1’s 3-Stage Instruction Pipeline

m Three Stages Are:
e Fetch - Fetching an Instruction from Memory Containing Code

e Decode - Decoding Instruction and Preparing Datapath Control Signals for
Next Cycle

e Execute — Reading Source Registers, Performing Shift or ALU Operations,
and Writing Back Result to Destination Register

m One Instruction is Executed Every Cycle when Pipeline is Full
e 3 cycles Needed to Completely Process One Instruction
e 3 cycles Needed to Reload Pipeline — Branch Instructions

e Pipeline Halted for One Cycle if Multiple Memory Accesses Needed to
Execute Instruction

cyele | cyele 2 cyele 3 cyeled cyeles
instruction 1 Fetch Decode Execute
instnaction 2 Fetch Decode Execute
instnaction 3 Fetch Decode Execute

fActe
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Increasing Processor Performance
Pipelining

Sequential Processor

Instruction Queue

nstructions Retired

Pipelined Processor

Instruction Queue

nstructions Retired

FActel
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Increasing Processor Performance
Pipelining

Sequential Processor

Decode Unit

Instruction Queue nstructions Retired

Pipelined Processor

Fetch Unit Decode Unit Execute Unit

Instructions Retired

Instruction Queue

FActel
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Increasing Processor Performance
Pipelining

Sequential Processor

Execute Unit

Instruction Queue

Instructions Retired

Pipelined Processor

nstructions Retired

DONE!

Instruction Queue

FActel
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Cortex-M1 Without Debug

Block Diagram

Processor without debug

LY

| DTCM

>

Core

v

NVIC

AHB Master

A

i

NVIC interrupt interface

FActel
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Cortex-M1 with Debug
Block Diagram

Processor with debug

fActe

FOWER MATTERE

ITCM
DTCM }41
Debug subsystem ! Debug ITCM interface |«
—»| Debug DTCM interface |«
—- Breakpoint unit  |<g————>
—»( Data watchpoint unit |<¢———|Dbg Core
»| AHB Decoder H—»| Debug control ——>
p| AHB Multipexer +l—p| ROM table |
¢ A
¢— Internal PPB signals
_I AHB-PPB | -¢—— External bus signals AHB Master
AHB Matrix DAP
- AHB-AP [-— SWJ-DP
NVIC A A
-
\
NVIC interrupt interface External interface Debug port

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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Cortex-M1 Architectural Diagram
Block by Block

Cortex-M1

fActe
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Cortex-M1 Architectural Diagram Acronyms

m TCM
e Tightly-Coupled Memories

= NVIC

e Nested Vectored Interrupt
Controller

m AHB IF
e AMBA AHB Bus Interface

m DAP

e Debug Access Port (See Next
Slide)

= ROM TB
e ROM Table
m BP
e Breakpoint Unit

m DW
e Data Watchpoint Unit

BB OB B e e B B B B

| Cortex-M1

fActe
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Debug Control Registers

Name Description
ABORT Access Port Abort Register
IDCODE ID Code Register

CTRL/STAT Debug Port Control/Status Register

SELECT Access Port Select Register

RDBUFF Read Buffer

m Access to Debug and AHB Access Control Registers is via
Debug Port
e UJTAG Macro Is Included in Debug Port Logic

fActe
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Debug Control Registers

m Two configurations for debug:

e The full debug configuration has four breakpoint comparators and
two watchpoint comparators. Default configuration.

e The reduced debug configuration has two breakpoint comparators
and one watchpoint comparator.

m Debug facilitates:
e core halt
core stepping
core register access while halted

read/write to: TCMs, AHB address space, internal Private Peripheral
Bus (PPB)

e Breakpoints
e watchpoints

FActel
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Main debug components

m Debug control registers to access and control
debugging of the core

m BreakPoint Unit (BPU) to implement breakpoints

m Data Watchpoint (DW) unit to implement
watchpoints

m debug memory interfaces to access ITCM and
DTCM

m ROM table.

‘Actel’
FOWER MATTERE
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UJTAG Macro Symbol

UIREGO 7 )
UIREG1 P—— Contents of the JTAG
UIREG2 > instruction register. Updated
UIREG3 >+ when the TAP Controller
, € TDO H:EEEE 7 state machine enters the
d IR stat
o i i | Update_IR state
UIREGY ?
These ports connect to { — TMS URSTE ——
the JTAG TAP Controller . High when the TAP Controller is
UDRUPD .
— | Tk . in the Update_DR state
UDRCK ?
\ —— TRST UDRCAP —— High when the TAP Controller
is in the Shift_DR, and
UDRSH ? Capture_DR states
uTDI > } Connected to the JTAG TDI

UJTAG Macro Is Already Instantiated
in Cortex-M1 Debug Unit!
‘Actel’

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 43



UJTAG Interconnection

TDOD

DI
These ports must

<

K
NOT be connected to y >6' TMS

K

X

any I/0 buffer in

UIREG [7:0]

URSTE

UDRUPD

UDRCK
UDRCAFP
UDRSH
Ut
uTbo

INFUTS

FPGA
VersaTiles

OUTPUTS

. TCE
the netlist
TRST
\
[dﬁ!gl Introduction to Cortex-M1 v1.8
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Cortex-M1
Technical Overview

m Core

e Three-stage Pipeline

e ARMvV6-M Instruction Set Architecture
= All 16-bit Thumb Instructions and Some Thumb-2 32-bit Instructions

e Datapath Optimized for Thumb and for FPGA Implementation
= Multiplier, Adder, Shifter and Logic Unit, All in Parallel

e Tightly-coupled Interface to Interrupt Controller
e Supports Tightly-Coupled Memory (TCM) for Instructions and Data

m Registers

e 13 General-purpose 32-bit Registers

e Link Register (LR), Program Counter (PC), Program Status Register
(xPSR), Stack Pointer (SP)

fActe
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Cortex-M1

Technical Overview nt,

= Debug
e Debug via JTAG or 2-pin Serial-wire Interface

e Provides Access to All Registers and Memory

e Includes Break-point Unit (BP) and Data-watchpoint (DW) Unit
= 4 Breakpoints and 2 Watchpoints

m Nested Vectored Interrupt Controller (NVIC)

e NVIC Is Tightly Coupled to Processor Core
e Low-latency Exception Processing
e Level and Pulse Interrupts Supported

e Processor State Automatically Saved and Restored when Switching
to Interrupt Service Routine (ISR)

fActe
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AMBA Bus Interface Signals
AHB-Lite Bus

Signal Function
HCLK Bus Clock
HRESETn ACTIVE-LOW Bus Reset

HADDR(31:0) System Address Bus
HTRANS(1:0) Transfer Type

HWRITE Transfer Direction (1=Write, 0=Read)
HSIZE(2:0) Transfer Size

HBURST(2:0) Indicates if Transfer Forms Part of a Burst
HPROT Protection Control

HWDATA(31:0) 32-bit Write Data (from Master)
HRDATA(31:0) 32-bit Read Data (to Master)

HREADY Transfer Complete

HRESP(1:0) Transfer Response

HMASTLOCK Master Signal
Actel
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Cortex-M1

D

Interf

e Note: Debug Interface Signals Are ALWAYS Present!

fActe

FOWER MATTERE

Name Type Description
RV_TCK Input RealView JTAG
RV_NnTRST Input RealView JTAG
RV_TMS Input RealView JTAG

RV_TDI Input RealView JTAG
RV_nSRST_IN Input RealView JTAG
RV_TRCK Input RealView JTAG
RV_TDOUT Output | RealView JTAG
RV_nTDOEN Output | RealView JTAG
UJTAG_TCK Input FlashPro3 JTAG
UJTAG_TDI Input FlashPro3 JTAG
UJTAG_TMS Input FlashPro3 JTAG
UJTAG_TRSTB Input FlashPro3 JTAG
UJTAG_TDO Output | FlashPro3 JTAG
EDBGRQ Input External debug request

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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Cortex-M1
Miscellaneous Signals

Name Type Description

HCLK Input Main processor clock

NSYSRESET | Input External push-button/power-
up reset

WDOGRES Input Watchdog reset to Cortex-
M1

WDOGRESN Output Reset of watchdog timer

HRESETN Output Reset to other components
in AHB system

IRQ[31:0] Input External Interrupts

NMI Input Non-maskable Interrupt

NTRST Input JTAG reset

JTAGTOP Output State Controller Indicator

NTDOEN Output JTAG data out enable

LOCKUP Output Coreis locked up

HALTED Output Core is in Halt debug state

FActel
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Cortex-M1

Pr r ratin nd M

m States
e Thumb
= Normal Execution

= Runs 16-bit Halfword-aligned Thumb and Thumb-2 Instructions plus 32-
bit BL, MRS, MSR, I1SB, DSB, and DMB Instructions

= Data Types Supported — 32-bit Words, 16-bit Halfwords, 8-bit Bytes
e Debug State

= Used for Halting Debug
= Modes

e Thread Mode

= Entered on Reset

= Can Be Re-entered after Exception Return
e Handler Mode

= Used for Handling Exceptions

fActe
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Cortex-M1
Reqister

m 17 Registers

e 13 General-Purpose Registers

low registers <

e Stack Pointer high registers +

e Link Register \

e Program Counter —
—

Program Status Register

FActel

POWER MATTERS Introduction to Cortex-M1 v1.8

::] Low Registers -
2 Accessible by All
13 Instructions
=
5
5
:; High Registers -
9 Accessible by
A0 SOME 16-bit
r11 Instructions
Mz
3 (SP) |  SP_process || SP main
14 (LR)
r15 (PC)
*PSR

Actel Corporation © 2009
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Cortex-M1
SP. LR and PC Registers

m Stack Pointer

e Auto-aligned to Word Boundary
e Has Banked Register Aliases SP_process and SP_main

e Handler Mode Always Uses SP_main, but You Can Configure
Thread Mode to Use Either SP_main or SP_process

m Link Register

e Receives Subroutine Return Address from PC when Branch and
Link (BL) Instruction Is Executed

e LR Is also Used for Exception Return

e At All Other Times, Treat R14 as General-purpose Register
m Program Counter

e Auto-aligned to Halfword Boundaries

fActe
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Cortex-M1

lal-Pur Program Reqisters (xPSR

Processor Status at System Level is Broken into Three Categories

Registers Can Be Accessed Individually or Two or Three at a Time
Using MRS and MSR Instructions
Application PSR

e Contains Condition-code Flags
= Before Entering Exception, Processor Saves Condition-code Flags on the Stack

e Accessed with MSR and MRS Instructions
Interrupt PSR

e Contains Interrupt Service Routine (ISR) Number Current Exception
Execution PSR (EPSR)

e Contains the Thumb state bit (T-bit)

e Not Directly Accessible except in Debug State

e All Fields Read as Zero using an MRS Instruction

e MSR Instruction Writes Are ignored

On Entering an Exception, the Processor Saves Combined Information
from the Three Status Registers on the Stack

fActe
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Cortex-M1

EX

ion T

nd Prioriti

Position Exception type Priority Description Activated
- - - Stack top is loaded from first entry of vector table -
on reset.
1 Reset —3 (highest) Invoked on power up and warm reset. On first Asynchronous
instruction, drops to lowest priority, Thread mode.
2 Non-maskable -2 This exception type cannot be: Asynchronous
Interrupt . masked or prevented from activation by
any other exception
. pre-empted by any other exception other
than Reset.
3 Hard Fault -1 All classes of Fault. Synchronous or
asynchronous
4-10 - - Reserved. -
11 SVC Configurable  System service call using the SVC instruction. Synchronous
12-13 - - Reserved. -
14 PendSV Configurable  Pendable request for system service. Thisis only  Asynchronous
pended by software.
15 SysTick Configurable  System tick timer has fired. Asynchronous
16-47 External Interrupt  Configurable  Asserted from outside the processor or pended by  Asynchronous
software.

FActel
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Servicing an Exception

m Push 8 Registers (xPSR, ReturnAddress(), R0, R1, R2, R3,
R12, and LR) on Selected Stack

m Read Vector from Appropriate Vector Table Entry
e Example: (0x0) + (exception_number *4)

e Only after ALL EIGHT Registers in Previous Step Are Pushed onto
Stack

m On Reset Only, Update SP_main from First Entry in the
Vector Table
e Other Exceptions Do Not Modify SP_main this Way

m Update PC with Vector Table Read Location

e No Other Late-arriving Exceptions Can Be Processed until the First
Instruction of This Exception Starts to Execute

m Set LR to EXC_RETURN to Exit from Exception

‘Actel’
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ARM Instructions

m 32-bit Instruction
Length

m 36 Instruction
Formats

m ALL ARM
Instructions Can
Be Conditional!

fActe
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E—

N8 AT 26 258 24 23 2 2101931 T1H15 44131211109 & 7 B 5 4 3 2 1 40
\olo[1] Opcode |S| Rn Rd Operand 2
Cond D 0|o(0(0 | 0]A]S R Fn s 110101 Rm
cond |&|o|o|of1|ulals| RdHi RdLo rRn |1|o]o|1] Rm
Cond alo1|0|810|0 Fn Fd OO (of10)m1 Fm
cond |ololol1fololr{olr[a]alaa]a[a[a[1]1]1]1]o]ole{r] rRa
cond |ofolo|PlulolwlL] rn rd |olofolo|1|s|H[1] Rm
Cond CII]EF‘LJ'lWL Rn Rd Offset |1|s|H[1]| Offset
Cond GIIIIFLJBWL Rn Rd Offsat
Cond Dli 1 1
Cond |1 0|PU|SW|L Rn Register List
Cond |1 1L Offset
cond [1J1]|0|P|U[N|w[L| Rn CRd CP# Offset
Gond "1 1ol CPope | CRn GRd GP# Ge |u]l Crm
Cond / 1|1/0|cPOpelL| CRn Rd CP# ce [1| crm
Cond A1 1111 lgnored Dy processar
31W"H 2T 28 28 24 23 X2 2120181817168 1514131211109 B 7 B & 4 3 2 1 0

Introduction to Cortex-M1 v1.8
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Data Processing /
F3R Transfer

Multiply
Muitiply Long
Single Data Swap

Branch and Exchanga

Halfword Data Transfer:

register offset

Halfword Data Transfer:

immediale offset
Single Data Transfer
Undefined

Biock Data Transfer

Eranch

Coprocessor Data
Transfer

Coprocessor Uata
Operation

Coprocessor Register
Transfer

Software interrupt
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Thumb Instructions

m 16-bit Instruction Length

e Maps 32-bit Instructions into 16-bit Instructions
e Thumb Instructions Are Most-often-used 32-bit Instructions
e Thumb Instructions Transparently Expand in Real Time to Full 32-bit

ARM Instructions

e Thumb-instruction Decoder
Placed in Pipeline

e Change to Thumb Mode
Effected by Changing State
of Multiplexers Feeding
Instruction Decoders and
Data Bus

fActe
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Decode stage

Execute

Thumb

Instruction
Decompressor

-
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instruction

decode




Thumb Instruction Set

m Instruction Word Length
Shrunk to 16-bits

e Some Functionality Is Not
Available

e 19 Different Thumb Instruction
Formats

m Instructions Have their Own
Syntax

e Each Instruction Has Native
ARM Instruction Counterpart

= Only ONE Conditional
Instruction!

FActel
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1
2
3

-

8

9

10
1
12
13
14

15

17
18

19

Move shifted register
Add/subtract

Move/compare/add
fsubtract immediate

ALU operations

Hi register operations
/branch exchange

PC-relative load

Load/store with register
offset

Load/store sign-extended
byte/halfword

Load/store with immediate
offset

Load/store halfword
SP-relative load/store
Load address

Add offset to stack pointer
Push/pop registers

Multiple load/store

Conditional branch
Software Interrupt

15 14 13 12 1" 10 0 ] 7 6 5 4 3 2 1 0
_—,—mmmm-
010 Op Offset5 Rs Rd
ofo 11 1] I |Op|Rn/offset3 Rs Rd
oflo Op Rd Offset8

01 oflofo Op Rs Rd
o1 0|01 Op |H1|H2| Rs/Hs Rd/Hd
o1 0|1 Rd Word8

011 11L|BJO Ro Rb Rd
o1 1IH|S|1 Ro Rb Rd
o1 B|L Offsetb Rb Rd
110 0| L Offsets Rb Rd
110 1L Rd Word8

110 0|SP Rd Word8

110 1|jo0jojJofo]sS SWord7

110 11L|J1]0|R Rlist

. -

L I R VR - = -
111 1 Cond Soffset8

101 T)ITTTTr LIV
111 0|0 Offset11

111 1(H Offset

1 14 13 12 11 10 & ] 7 & 5 4 3 2 1 0

Actel Corporation © 2009

Unconditional branch

Long branch with link
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ARM Code vs. Thumb Code

mparison

m Performance

o 32-bit Memory
= ARM Code Is 40% Faster than Thumb Code

e 16-bit Memory
= Thumb Code Is 45% Faster than ARM Code

m Code
e Thumb Code Requires 65% — 70% of the Space of ARM Code
e Thumb Code Uses 40% More Instructions than ARM Code

= Thumb Code Has Higher Density and Better Performance
with 16-bit Memory

m ARM Code Has Better Performance with 32-bit Memory

fActe
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What's Thumb-27

s Remember — 16-bit Thumb Instructions Are Mapped into 32-
bit ARM Instructions for Execution
e Some ARM Special Features Were NOT Supported in Thumb
e ARM Wanted to Eliminate ...
= ... Tradeoff of Size vs. Speed
= ... Confusion about Which Instruction Set to Select
= Thumb-2 Combines 16- and 32-bit Instructions in a Single
Instruction Set
e Allows Mixing of Instructions without Mode Switching
e Halfword Pairs of Instructions Are Inserted in Thumb Instruction
Stream
m Thumb-2 Features

e Mostly 16-bit Instructions
= 5% Better Code Density than Existing Thumb Code
= 2-3% Faster than Thumb Code

e Code Density — 74% of ARM Code Density

mcte'l" Code Performance — 98% of ARM Code Performance

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 61



Thumb-2 Instruction Set
han vis-a-vis Thum

m I'WgTHEN Instruction
o AANQaICNOT In Cortex M1!.
| NeW B|t rucuorns LDREQ 0, [r1] BNE L1 P ITETE EEhume
LDRNE 10, [r2] LDR rogffr1] LDR 10, [rl]
) Blt Flelds ADDEQ r0, r3, r0 MDD, r3, x0 LDR r0, [r2]
e Bit Reversal - SO ADD 10, rd, 0
= New Branch Instructios ADD x0, x4, x0

e [able Branch
= Facilitates SIMD Executig

e Compare and Branch#Branch if Zele,

m Coprocessor Acg€ss Instructions
e Don’'t Needd® Mix Thumb Code and ARM Code

m 16-bit Gefistants

fActe
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Thumb-2 32-bit Instructions

§ummgry

m ARM-like
DX Proce: Most Not Supported In
DSP SagM Cortex-M1!
Load and 1S HIDUULUUILID

Branch InstrucsQns

Coprocessor (VFP, NM&E™, etc

m New
Bit-field Insert/Extract/Clgdr — Bl
Bit Reverse — RBIT

System Control - B%J, RFE, SRS, eig?

{S|UMBFX, BFC

WQVH

Table Brangf— TB{B|H} [Rbase, RiIndé€

o
o
e 16-bit Immediaig#fhstructions — MOVW,
o
o

Additigpdl Memory System Hints — PLD

fActe
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Cortex-M1 Instruction Set

Qverview

m Branch instructions (6)
e B Conditional Branch, Unconditional, with Link...
e BX Branch and Exchange instruction set.

m Data processing instructions
e ADD, CMP, MOV, MULT, SUB...

m Load and store register instructions

m Load and store multiple instructions
e Two instructions, LDMIA & STMIA, to support block copy

m Exception generating instructions

e Software Interrupt (SWI) instruction used to cause a SWI
exception to occur

e Main mechanism in the Thumb instruction set by which User
mode code can make calls to privileged Operating System code

fActe
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Cortex-M1 Instruction Set

m CPS — Change Processor State
e Enables/Disables Interrupts

m NOP — No Operation
e Certain New Thumb-2 Instructions Are Ignored (1F-THEN)
m SEV — Send Event
e Event Signaled to All CPUs in Multiprocessor System
s WFE — Wait for Event
e Suspend Execution until Reset, Exception, etc. Occurs
s WFI — Wait for Interrupt
e Suspend Execution until Interrupt Occurs
m YIELD - Yield (Multithreaded Systems)
e Software Can Indicate that Task Can Be Swapped Out

fActe
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Cortex-M1

nflaurabl lon

m Full Range of Configurable Options Will Be Available ...

Feature Configurable Option

Debug Debug Functionality Can Be Included or Excluded
Interrupts 1, 4, 8, 16 or 32 Interrupts (O Interrupts Not Supported)
Instruction TCM OKB (None), 1KB, 2KB, and Powers of 2 to 1MB

Data TCM OKB (None), 1KB, 2KB, and Powers of 2 to 1MB
Multiplier Normal (3-cycle Execution) or Small (33 Cycles)

OS Extensions Present or Absent

Endianness Little-endian or Big-endian (BES8)

m ... Actel Will Deliver Restricted Range of Configurations

e Fixed, Black-box Implementations with Predefined Configurations
(Similar to CoreMP7)

FActel
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Cortex-M1 Configurations

m Current Release — v2.6

Variant Configuration

M1AFSxxxxDebug Debug Support (2 breakpoints, 1 watchpoint)
M1A3PxxxxDebug No TCMs, Small Multiplier, 1 Interrupt, No OS Extensions,
M1A3PExxxxDebug Little-endian Only

M1A3PLxxxxDebug

M1AGLxxxxDebug

M1AGLExxxxDebug

M1AFSxxxxNodebug No Debug Capability
M1A3PxxxxNodebug No TCMs, Small Multiplier, 1 Interrupt, No OS extensions,
M1A3PExxxxNodebug | Little-endian Only

M1A3PLxxxxNodebug
M1AGLxxxxNodebug

M1AGLExxxxNodebug

m Future Releases
e More Variants, More Devices

FActel
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Supported Devices and Availability
--m

M1 IGLOO v

M1 ProASIC3 4 Planned v v v v
M1 ProASIC3L 4 v Planned
M1 Fusion v 4 v

Information updated March 2009

m ARM Cortex-M1 processor Actel M1 devices
e One user selectable option: with or without debug.

e Pre-configured settings
= OK ITCM, OK DTCM, small multiplier, little-endian,
= No OS extensions, and 1 interrupt

m Fully Configured M1AFS1500 - 2009

e 8kB ITCM, 4kB DTCM, 16 interrupts, OS extensions, fast multiplier,
little-endian.

e Contains upgraded BFM

fActe
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Optimized Cortex-M1 in M1 Fusion

m Optimized Firm-macro Implementation
e Optimized for M1 Fusion Devices
e Porous Implementation Placed in FPGA Fabric by Actel

" MultiView Navigator [ci_M7A3PE600_pq208] - [ChipPlanner]

e Simplified Routing of User- [@e s s we s o oo e

added IP e
e Enables Rapid Design
Development

m Cortex-M1 Black Box

e M1 Functionality

e User Can Add IP and
Program into M1 Fusion

e Timing Shell and BFM
Included

Maodule: 10t 1, Type: Chip Outling, (0, 0) FAM: ProfASIC3E |DIE: M7ASPEGOD |PACKAGE: 208 POFP

FActel
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Cortex-M1
~Utilization and Performance

fActe

FOWER MATTERE

va.6
Drevice Variant
Frequency (MHz) Area Utilization

MI1AFS250-2 MNo-debug 62.26 4353 T0.85%

No-debug 60,96 4353 31.49%;
MI1AFS&00-2

M el i el —

Mo-debug £2.69 4353 11.34%

M1AF51500-2

Diebg A6.08 7282 LBt

—

M1AGL250V2 MNo-debug 25.56 4353 70.85%
M1AGL250VS Mo-debug 43.04 4353 T0.85%

No-debug 25.46 4353 31.49%
M1AGLa0OV2

Debug 24.40 T282 52.68%

No-debug 40,23 4353 31.49%;
M1AGLa0OVS

Debug 39,90 7282 52.68%

MNeo-debug 24.74 4353 17.71%
M1AGL1000V2

Debug 2353 7282 29.63%

MNo-debug 40,87 4353 17.71%
M1AGL1000VS

Debug 40.57 7282 29.63%

No-debug 24,89 4353 5.78%
M1AGLE2000V2

Debug 24.54 7282 9.68%

No-debug 1689 4353 5.78%
MI1AGLE2000VS

Debug 38.05 7282 2.68%
Mi1A2P250-2 MNo-debug 62.46 4353 T0.85%

MNo-debug 62,63 4353 31.49%
Mi1A2Pa00-2

Debug 59.24 7282 52.68%
Mi1A2P1000-2 No-debug 62.18 4353 17.71%

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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Cortex-M1 Summary

m New FPGA-targeted Processor from ARM
m Small and Fast
e 4300 Tiles, 62 MHz without Debug

m Some Nice Features
e Thumb-2 Instruction Set
= Mostly 16-bit Instructions — Good Code Density)
e Good Interrupt Support (Closely-coupled NVIC)
m Easier to Program than CoreMP7
e Porting CoreMP7 Software Fairly Straightforward

m V2.6 Available Now

fActe
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System-on-Chip and SmartDesign
Adenda

AMBA Bus Architectures
SmartDesign and IP Cores
Using SmartDesign

|IP Database

Testing

POWER MATTER § Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 74
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Bus: definition

m Set of wires connected to many bus actors

m Wires are grouped in functional groups:
e Address: bus actor identifiers
e Data
e Control: physical support for the protocol

m Wires are shared
e Access protocols are required
e Control logic + control wires embody the protocol

fActe
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What Is AMBA?

m Open-standard, On-chip Bus Specification
e Interconnection & Management of SoC Functional Blocks
e Widely-adopted Protocol and Standard with ARM Processors

m [ hree distinct buses

e AHB (the Advanced High-performance Bus).

= High-performance system backbone bus.

= Multi-Master, Split Transactions, Burst Transfers and Other Modes

= Example Components — Cortex-M1, CoreMP7, and Memory Controllers
e ASB (the Advanced System Bus).

= An alternative system bus.
e APB (the Advanced Peripheral Bus).

= Minimal power consumption.

= Reduced interface complexity.

= Example Components — Watchdog and UART

= AHB & APB AMBA Protocols Supported by SmartDesign
= When Both AHB and APB Are Used in System, They Must
Be Bridged (AHB2APB Bridge Provided)

fActe
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What Is AMBA?

m [ hree distinct buses

e AHB (the Advanced High-performance Bus).
= High-performance system backbone bus.
e ASB (the Advanced System Bus).
= An alternative system bus.
e APB (the Advanced Peripheral Bus).
= Minimal power consumption. [JReduced interface complexity.

fActe
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AMBA Subsystem
Block Dij

AHEs
Art:utnr

External Bus

FActel
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AHB wrappar _ AHB wrapper

AHB AHB to AFB
Decoder Bridge
s B ‘

Interrupt *
Controller e
™

“typical” AMBA system

Actel Corporation © 2009
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AMBA Subsystem
Block Diagram

Interrupt
Contraoller

FPower-On
Reset
‘ On-Chip I
Memory Advanced High-Performance Bus (AHB)-Lite
ﬂll‘lﬂlz AHEB 10 APB H?\-lpllﬂ
Contraoller Bridge ‘ IP Blocks I
-
off-Chip Advanced Peripheral Bus (APEB)
Memary

Serial Low Speed
0 Ports Timars Interface IF Blocks

FActel
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ASB Bus
~Leatures

m First-generation system bus that evolved from ARM7TDMI
bus protocol

m Supports pipelining, bursts, and multiple bus masters

m The four bus agents in ASB are:

e Arbiter: Implements a simple request/grant structure to support
multiple bus masters

e Decoder: Centralized address decoder to determine which slave is
responsible for servicing a bus transaction

e Master: Initiates reads and writes on the bus
e Slave: Responds to master initiated reads and writes

m Drawbacks

e Use of double-edging clock
e Bi-directional data bus

fActe
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AMBA Bus Fabric

m Bus Fabric Components
e AHB Controller
e AHB to APB Bridge
e APB Controller

m AHB and APB Controllers

Incorporate All Bus Switching
and Decoding Logic

= Two AHB Controller
Configurations
e Single Master (AHB-Lite)
e Multi-Master (3 Masters)
e Supports Full AHB Slaves

fActe
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II AHB Master

AHB Controller

veves Vvvrrryy 1 Saicinaaces

AHB2APB Bridge

{

APB Controller

WL o dave ortces

Actel Corporation © 2009 82



AHB Bus
~Leawres

= High Bandwidth

e No Maximum Clock Frequency Specified
e Designs up to 2 GHZ!

Burst Transfers

Split Transactions

Single-cycle Bus Master Handover
Single-clock-edge Operation
Non-tristate Implementation
Support for Multiple Masters
Bridging to APB Bus

POWER MATTERS Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 83



AHB Bus

Burst vs. Split

m Burst transaction

e Slave to increment (or decrement) address

e No need of sending many sequential addresses through bus
e Reduces power (computations at the slave)

m Split transaction

e When a master transaction can potentially take a long time (i.e.
communicating with APB peripherals).

e To avoid holding the bus for many cycles

e Masters issues a request, then releases the bus, and waits for
notification, which can come many cycles after.

fActe
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AMBA Bus Interface Signals
rand AHB-Lite B

AHB Single-M

fActe

FOWER MATTERE

Name Source Description

HCLK Clock source This clock tumes all bus transfers. All signal

Bus clock tumings are related to the rising edge of HCLK.
HRESETn Reset controller  The bus reset signal is active LOW and 1s used to
Reset reset the system and the bus. This 1s the only active

LOW signal.

HADDR[31:0] Master The 32-bat system address bus.

Address bus

HTRANS[1:0] Master Indicates the type of the current transfer, which can

Transfer type be NONSEQUENTIAL SEQUENTIAL. IDLE or
BUSY.

HWRITE Master When HIGH thus signal imndicates a write transfer

Transfer direction and when LOW a read transfer.

HSIZE[2:0] Master Indicates the size of the transfer, which 1s typically

Transfer size

Introduction to Cortex-M1 v1.8

byte (8-bit), halfword (16-bit) or word (32-bit). The
protocol allows for larger transfer sizesup to a
maximum of 1024 bats.

Source: ARM Inc.

Actel Corporation © 2009
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AMBA Bus Interface Signals

AHB Single-M

r and AHB-Lite B

Indicates 1f the transfer forms part of a burst. Four,

e1ght and sixteen beat bursts are supported and the
burst may be erther incrementmg or wrapping.

HEURST[2:0] Master
Burst type
HPROT[3:0] Master

Protection control

fActe

FOWER MATTERE

Introduction to Cortex-M1 v1.8

The protection control signals provide additional
information about a bus access and are primarily
intended for use by any module that wishes to
umplement some level of protection.

The signals indicate if the fransfer 15 an opcode
fetch or data access. as well as if the transfer is a
privileged mode access or user mode access. For
bus masters with a memory management unit these

signals also indicate whether the current access 1s
cacheable or bufferable.

Source: ARM Inc.

Actel Corporation © 2009
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AMBA Bus Interface Signals
AHB Single-Master and AHB-Lite B

Name Source Description
HWDATA[31:0] Master The write data bus 1s used to transfer data from the
Write data bus master to the bus slaves during write operations. A

mummum data bus width of 32 bats 15
recommended. However, this mav easily be
extended to allow for higher bandwidth operation.

HSELx Decoder Each AHB slave has 1ts own slave select signal and

Slave select this signal indicates that the current transfer 1s
intended for the selected slave. This signal 1s
simply a combinatornial decode of the address bus.

HRDATA[31:0] Slave The read data bus 1s used to transfer data from bus

Read data bus slaves to the bus master during read operations. A
mimimum data bus width of 32 bats 15
recommended. However, this mav easily be
extended to allow for higher bandwidth operation.

HREADY Slave When HIGH the HREADY signal indicates that a
Transfer done transfer has finished on the bus. This signal may be
driven LOW to extend a transfer.
Note: Slaves on the bus require HREADY as both
an nput and an output signal.

HRESP[1:0] Slave The transfer response provides additional
Transfer response information on the status of a transfer.
Four different responses are provided, OKAY,
ERROR. RETRY and SPLIT.

Source: ARM Inc.

FActel
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Timing Diagram Conventions

Clock

HIGH to LOW

Transient

HIGH/LOW to HIGH

Bus stable

L S
W/
Bus to lugh impedance J'E
Bus change 7{ X
High impedance to stable bus A
Source: ARM Inc.

FActel
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Simple AHB Transfer

Address phase Data phase
-

A

L

HCLK

HADDR[31:0] A ><:><
Control ><:><
>< X Data
(A)
X Data
(A)

Source: ARM Inc.

Control

HWDATA[31:0]

HREADY

HRDATA[31:0]

Sisl=lsl=
~FAREF

FActel
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AHB Transfer
No Wai

m First Rising Edge of HCLK

e Master Drives Address and
Control Signals onto Bus after
this Edge

m  Second Rising Edge of HCLK

e Slave then Samples Address and
Control Information on Next
Rising Edge of Clock

= Third Rising Edge of HCLK y"
e Slave Can Start to Drive

Appropriate Response
e Sampled by Bus Master

m Address Phase of Any Transfer
Occurs during Data Phase of
Previous Transfer

e Pipelining Is Key Part of AHB
Architecture

FActel
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HCLK

'y

Address phase Data phase

P
i ]

—lp

Control

HWDATA[31:0]

HREADY

HRDATA[31:0]

g

L

—

Cont%l

D D 2D
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AHB Transfer

Walit States

. Address phase | _ Data phase .
HCLK
HADDR[31:0] X:X A X:X X:X
Control X:X Control X:X M
HWDATA[31:0] ><:>< ><:>< Egit;' X:X:
e TN A_ 7T
HRDATA[31:0] ><:>< ><:>< / p/’ >1< Egit;' W
V Source: ARM Inc.
Wait States Data Transferred

When HREADY =0  when HREADY =1
PActel
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AHB Transfer

Pipelin

ration

m Control of Next Transfer Overlaps Data from Previous

Transfer

HCLK |
_)."_ .
Yo

I |
Control A
....I'II [A] I

HADDR[31:0]

Caontrol

8

Control
(C)

™

8

k9

Data

8

HWDATA[31:0]
HREADY
HRDATA[31:0]
L]
fActel
POWER MATTERS

XK

L;’

(B) (C)
V [/ ,\,-’; W\
)f (Y i) | ?E?X:\(:
Source: ARM Inc.

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009



AHB Bus
Burst Signal Encoding

HBURST[2:0] Type Description

Q00 SINGLE Single transfer

001 INCE Incrementing burst of unspecified length
010 WEAP4 4-beat wrapping burst

011 INCER4 4-beat incrementing burst

100 WEAPS 8-beat wrapping burst

101 INCRS 8-beat mcrementing burst

110 WEAPI1S 16-beat wrapping burst

111 INCR16 16-beat incrementing burst

Source: ARM Inc.

= Note that Transfer Size Can Be Larger than 16
e INCR Indicates Unspecified Length

FActel
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AHB Bus
Transfer T En 1IN

HTRANS[1:0] Type Description

a0 IDLE Indicates that no data transfer 15 requared. The IDLE transfer type 1s used when a bus
master 15 granted the bus, but does not wish to perform a data transfer.

Granted & unused Slaves must always provide a zero wait state OKAY response to IDLE transfers and the
transfer should be ignored by the slave.

a1 BUSY The BUSY transfer type allows bus masters to insert IDLE cvcles in the muddle of bursts
of transfers. Thas transfer type indicates that the bus master 1s continming with a burst of

Locks the bus transfers, but the next transfer cannot take place immediately. When a master uses the
BUSY transfer tyvpe the address and control signals must reflect the next transfer in the

but no transfer
burst.

within a burst The transfer should be 1gnored by the slave. Slaves must always provide a zero wait state
OKAY response, in the same way that they respond to IDLE transfers.

10 NONSEQ  Indicates the first transfer of a burst or a single transfer The address and control signals

Starts a Burst or a are unrelated to the previous transfer.
Single transfers on the bus are treated as bursts of one and therefore the transfer type 1s

single transfer NONSEQUENTIAL.

11 SEQ The remaining transfers in a burst are SEQUENTIAL and the address is related to the
previous transfer. The control information 1s identical to the previous transfer. The
address 1s equal to the address of the previous transfer plus the size (in bytes). In the
case of a wrapping burst the address of the transfer wraps at the address boundary equal
to the size (1n bytes) multiplied by the number of beats 1n the transfer (either 4. 8 or 16).

Continues a burst

Source: ARM Inc.

FActel
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AHB Bus
Four- Wr Ing Bur

m Sequential Addresses 38, 3C, 30, 34

™ T2 T3 T4 T5 T6 Tr

HeLK [ B B I

HTRANS[1:0] )O(HDHSEDXX SEQ )C( SEQ XX SEQ
HADDR[31:0] )Oi 038 )OC 0x3C )C‘;i 0330 }O( Ox34

S 2 2 2

HBURsT[2:0] [} ——
HWRITE
HSIZE[2:0] Contrad for burst
: SIZE = Worl
HPROT[3:0] [

HWDATA[31:0]

X Jomn  [X Keae]l XoaolX Xoa
w_ VvV

ath 13 aty at
WES] | ks (b 3 (3

Source: ARM Inc.

HREADY

HRDATA[31:0]

Ladt

= = =
SARSERESR

fActe
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AHB Bus

Four- Incrementina Bur

m Sequential Addresses 38, 3C, 40, 44

HCLK
HTRANS[1:0]
HADDR[31:0]
HBURST[2:0]

HWRITE
HSIZE[2:0]
HPROT[3:0]
HWDATA[31:0]

HREADY

HRDATA[31:0]

fActe
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™ T2 T3

1

T4

=
tn
-
= 1]

| =

X:X NONSED

=

SEQ

X}{nﬂa

5
:

= < = =
}{fi

X:X INCR4
Control for bupst
SIZE = Warf
Data Data Data Data
(0x38) (0x3C (0x40) (Ox44)

[V

Diata
34

Datd
3

Eiiiﬁi‘éiﬁiﬁj

i
SASERES

] [laty
C =]

Introduction to Cortex-M1 v1.8

Source: ARM Inc.
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AHB Bus

Transfer with Slave Retry Response

= Slave Indicates Response on HRESP(1:0)
e Can Be OK, ERROR, RETRY, or SPLIT

HCLK

HTRANS[1:0]

HADDR[31:0]

HWDATA[31:0]

HREADY

HRESP[1:0]

fActe
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A

M

A

0

T1 T2 T3 T4 TS
NONSEQ X}f SEQ X}( IDLE X}(NDNSEQ

Data

XA

(A)

[]

V

rc?é?éf?ﬁH

SIS IS

X }{RETRH

X X OKAY

XA

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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AHB Bus
SPLIT vs, RETRY Responses

SPLIT and RETRY Responses BOTH Allow ...

e ... Slaves to Release Bus when They Cannot Immediately Supply Data for
Transfer

e ... Transfer to Finish on Bus and therefore Higher-priority Master Can
Access Bus

Difference between SPLIT and RETRY ... How Arbiter Allocates Bus
after SPLIT or RETRY Has Occurred

RETRY
e Arbiter Continues to Use Normal Priority Scheme
e Only Masters with Higher Priority Get Bus Access
SPLIT

e Arbiter Adjusts Prio.ritK Scheme so that Any Other Master Requesting Bus
Gets Access, even if Lower Priority

e Transfer Completion Requires Informing Arbiter when Slave Has Data
Available

e Requires Extra Complexity in Both Slave and Arbiter, but Completely Frees
Bus for Use by Other Masters

Master Should Treat SPLIT and RETRY the SAME WAY

e Should Continue to Rec‘lqjest Bus and Attempt the Transfer until Successful
Completion or ERROR Response Termination

fActe
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AMBA Bus Interface Signals
AHB Multi-Master Bus

Signal Function

HBUSREQXx Request from Master x to Use Bus

HLOCKXx Indicates that Master Requires Locked Access to Bus

HGRANTX Grant to Master x to Use Bus

HMASTX Indication from Arbiter that Master x Is Using Bus

HSPLITx(15:0) Indication from Slave x as to which Bus Masters May Re-Attempt
Split Transaction

FActel
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AHB Multi-Master Subsystem

Three Masters, Four Slav

Arbiter

HADDR

HWDATA

HRDATA

HADDR

Address and
control mux

HWDATA

HRDATA

HADDR
Master HWDATA
#1 HRDATA

HADDR
Master HWDATA
#2

HRDATA

HADDR

HADDR

Master HWDATA

#3

HRDATA |

FActel

FOWER MATTERE Introducuci: «w worven it v

Read data mux

Write data mux

HWDATA

L~

HRDATA

HADDR

=

HWDATA

HRDATA

Decoder

Slave
#1

Slave
#2

Slave
#3

Slave
#4

Source: ARM Inc.

IAULUL DU PV ULV N v VY
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CoreAHB
Arbitration
m CoreAHB Uses Simple Priority Arbitration Scheme
e Master 3 Has Highest Priority
e Master 0 which Is Internal ‘Dummy’ Master Is Next-highest

e Master 2 Is Next

e Master 1 (Default) Is Lowest Priority
= This Is Normally Processor Master

m Master 0 Handles Several Situations

e Example — Breaks Deadlock when Multiple Masters Are Locked in SPLIT
Transactions

fActe
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CoreAHBLite
Inale M r

m Single AHB Master Interface
e Default Interface for Cortex-M1
m 16 AHB Slave Interfaces
e Each Is Allocated Fixed Memory Location

e Two ‘Standard’ Locations
= MematO
= Interrupt at Top of Memory

m Tile Count: 800

RDATA WDATA ADDR

4} Control ﬂ MASTER Interface
| ]
S i ieinenl I

| |Default

ki | Slave
L )

rAc.I.e e SLAVE-n Interface
FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 102




AHB-Lite System
Sinale Master, Three Slaves

m CoreAHBLite Works Fine Here ...

—HWDATA[31:0]

——HADDR[31: u]—;

Slave 1
Decoder
Master | Slave 2
Multiplexor
salect

4-HRDATA[31:0] =

FActel
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AHB-Lite System

TWO M [

M

ltiple Slav

m ... BUT ... How Do We Implement THIS?

Multi-layer
interconnect

AHB-Lite
slave 1

AHB-Lite
slave 2

AHB-Lite
slave 3

AHB-Lite
master 1 Layer 1=
AHB-Lite
master 2 Layer 2=p
AHB-Lite
slave 4
AHB-Lite
slave 5
!ﬂﬁ!onl Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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AHB or AHB-Lite

Multi-L r Interconn hem

Interconnect

nterconnect |1 .| ® Interconnect Matrix Can Be
Extended to Multiple Masters and

¥

Fy

N "l Slave Slaves
Master | e S “ .
S| m Masters Can Be AHB or AHB-Lite
T[] Slave
Master P g
g Slave

Fy

Interconnect matrix

Decoder Arbiter
Layer 1 Jj
Master ] Input —ﬁ' Slave?
stage B
Decoder Arbiter

Master2 ——ayer 2 ;T;;é —ﬁ TI Slave2
Acte
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AMBA Bus Interface Signals
APB Bus

Signal Function
PCLK Bus Clock
PRESETn ACTIVE-LOW Bus Reset

PADDR(31:0)

System Address Bus (up to 32 Bits Wide)

PSELXx

Select Signal for APB Slave

PENABLE Indicates Second and Subsequent APB Transfer Cycles
PWRITE Transfer Direction (1=Write, 0=Read)
PWDATA Write Data (up to 32 Bits from Master)
PRDATA Read Data (up to 32 Bits from Slave)
PREADY Transfer Complete (Used by Slave to Insert Wait States)
PSLVERR Indicates APB Transfer Failure (OPTIONAL)

JActel
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APB Bus
Machin

m |IDLE
e Default APB State

m SETUP
e Bus Moves Here when Transfer Is
Required
e Select PSELx for Targeted Slave
Asserted
e Bus Remains Here Only One Clock Cycl
e Moves to Access State on Next Clock
Rising Edge
m ACCESS
e Enable PENABLE Asserted

e PADDR, PWRITE, PSELx, and PWRITE
Must Remain Stable during Transition
from SETUP to ACCESS State

e Exit from ACCESS State Controlled by
PREADY from Slave
» PREADY HIGH — Successful Transfer

PREADY LOW - State Machine Remains
in ACCESS State

FActel
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~

— Mo transfer

PSELx =0 h__/

IDLE

PENABLE =0

|

Transfer

¥

PREADY = 1 SETUN
and no PSELx = 1 |

transfer ﬁNABLE y
\ o

[ |
'___"@v =0 |

\

PREADY =1
and transfer

ACCESS \ _/
X

PSELx =1
PENAELE =1

Actel Corporation © 2009
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APB Write Transfer
No Wait States

SETUP State

TO T1 T2 T3 T4
PCLK !
PADDH% XX Addr1 |
. Successful

PEMABLE : ' e Transfer

PWDATA | Data 1 § |

PREADY | 7 T

IDLE State ACCESS State
Data Transfer

[dﬁ!?“ Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 108



APB Write Transfer
With Wai

T0 11 T2 T3 T4 T3 TG

F‘CLHE

PADDR| 0 ; . Addr1 |
PWRITE I | | '

PSEL% [

PENABLE | 5 Eff

PWDATA Diata 1

¥

N

ACCESS States
Remains Here until PREADY =1

il

PREADY | | AN

VActe
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APB Read Transfer
No Waij

TO T1 T2 T3 T4
PCLK !

PADDH% JO( Addr 1 - PWRITE

PWRITE : ow for Read

PSEL :

PENABLE !

PRDATA | Slave Provides

F’HEAD\-’% Iy PRDATA
~. PREADY

*High for Data
Transfer

POWER MATTERS Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 110



APB Read Transfer

With Wal
TO T1 T2 T3 T4 T5 T6
PCLK
PADDR }C{ Addr 1 |
PWRITE \\
PSEL | ¥ U
PENABLE /] | 1
PRDATA.| X | J_Data 1} X
PREADY A \I/H, A ;
ACCESS States
‘Remains Here until PREADY = 1
Acte
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AHB to APB Transactions
Example

Coreh 1 Top_0

+ [ EDBGRC HALTED [ 5¢
HE LK HRESETS
& e HHI JTEGTOP b 3¢
NSYSRESET [ NSTSRE.. LOCKUP [ o
& b WOOGRES WDOGRE.. [ )¢
F IR
+RU_KGEN
LITAG gy FUITAG

CorEsd Tap

HREEZETh

Remap
HEZLE

CoesHBUER

R

L

Zone Memir] CoRAHRZAPE O oAl _0
STSCLE B HiZ LK Erenalil... 3, H.. .IECE[IHIM?mDrﬂI?I'm
HREZETH H.. &
IF IF IF
Corsldaml CoreiHE2LDE Coradil un
CovesPs
] ] ] 2 2 Tl
B SE0NEIg
Core UARTapk 0
CarGPK_D o Remap_0 BT
PCLE CVERFL... w CorTmer 0
PREZETH PARITY_... =
PCLE s, PCLE Femas RX EXROYT by
PREZETH PREZETH Tx P LK TIMINT 3 TIMINT
daEh I e dataln g RemapDet., THROY [ 3¢ PRESETH
[ [ IF IF
R ComGR CoreRenap Coreli4R Tamh CoveTimer
RemapDetantt
"Actel’
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BFM Simulation
V] ISiIm Wave Window

[T wave - default El@
File Edit “iew Add Format Tools  Window

|DeE8 »RBDT (AED | | SEER | L L el £ 4| &R o ilaaag o
| 4 €% B[ 00 SHELEE I B T 2y

ACCESS ) —

_ | | | =

E 213710,225 N= | | Y s e e i
d 1 (<1 ] |

E

-

| 1206800 ps ko 2413600 ps | Mow: 213,719,225 ps  Delta: 1

APB write cycle (yellow) — write 0x00000100 to CoreTimer TimerLoad register
Note that paddr = 0x000 — CoreAHB2APB strips off the upper 8 address bits and drives the appropriate PSEL

FActel
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AMBA Bus Architecture
summary

= AHB is a High-performance Bus
e Supports Bursting and Split Transfers

m APB is a Simple, Low-performance Bus

fActe
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SmartDesign Vision

m Next Generation Design Entry Tool

e First tool in the industry that can be used for designing System on a
Chip designs, custom FPGA designs or a mixture of both types in

the same design.
SmartDesign "

DESIGN "CANVAS"

. P

* HDL Modules

® Glue-Logic Modules
® Schematic Modules
* DSP Subsystems

m Simple and Intuitive

STANDARD LIBERO IDE DESIGN FLOW

e Designers can work at the level spies
of abstraction that suits their

* Power Reduction and Analysis
* Programming File Generation

needs

FActel
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What is SmartDesign?

m Powerful Block-based Visual Design Creation Tool
e Instantiate blocks from a variety of sources

= DirectCore IP, SmartGen, User HDL, Companion Cores, Actel library cells, and

the list goes on.
e Supported for all platforms
m Simple and Intuitive Design Creation
e Auto Connect
e Fast manual connectivity between blocks
e Hierarchical design support
m DRC

e Checks rules to guarantee correct by construction design
= Connectivity errors
= Configuration errors
= Special silicon rules

m SOC Features
e Auto Connect

= clocks and resets for processors and peripherals
= Other known DirectCore connections

e Memory Map Configuration Dialog
e Testbench and Bus Functional Model (BFM) script generation

fActe
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SmartDesign Canvas

= SmartDesign Canvas
e Instance pins are displayed on canvas

e Connections are shown using nets
= Displaying of Nets is optional
= Selective enabling / disabling of showing nets
e Drag and Drop directly from the Catalog into the Canvas

m All Design Operations Available in the Canvas
e Connect/ Disconnect

Promote To Top

Tie Low / Tie High / Tie Constant / Inversion

Float

Split (if bus )

Group

FActel
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SmartDesign Canvas

IM\ProdB4\SmartDesignDemo\SmartDesignDemo.
T Project File Edt View Toolks SmartDesign Canvas Window Help

B - & x
RE@ Dol & 208 v o I Enable Designer Block creation
Current Diesigrer view: | Imp - B BEE BeR Aals & | LD B NNOOCAL
CortexM1Top_0 |
i
EDBGRQ HALTED [
HCLK HRESETn
Al JTAGTOP [
NSYSRESET NSYSRE.. LOCKURP B
WOOGR... [
CortexMiTop E
=
[oiatagi
f=m i}
CoreAHBLIte S
CoreAHB2ARE_O CoreAhbSram,
HCLK HCLK
- HRESETn HRESETR
Ir
CoreAHB2APB CoreAhbSram
CoreAPs
CoreUARTafb_0
SYSCLK PCLK OVERFL.. [ CoreTimer_0
PRESETMN  PARITY.. B
RX RXRDY [
S PCLK B TMINT
5 PRESETR
CoreUARTapb CoreTimer
|
2l >
Bl Canvas
" PupctFlow  SDI
* i pots || p Find | §~ options i
Ready WERILOG [FAM: Fusion DIE: MIAFS600 PKG: 464 FEGA
JActel
FOWER MATTERS Introduction to Cortex-M1 v1.8
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Design with any Block Types

m One Tool to Connect Your Design

e DirectCore IP

e SmartGen Cores

e User HDL

e Actel Macros ( And, Or, I/Os, etc)

—— —
| A ¥
— B clk pulse
[ C nreset
H level
il
AND3
PulseGenerator
AnalogSystembdonitor_0 CoreUARTapb_0
SY5_CLK DATAVALID PCLK OvERFL...
— SY5_RESET ASSC_DONE PRESETN PARITY ...
YAREF ASSC WWAIT RX RXRDY
W1 ASSC_CHSAT TX
ACMCLK ASSC CHLATD THROY
r
% CorelJARTapb
AnaiogSysiemMonifor
JActel
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Canvas Instance

Instance Name

Unconnected
Required input pins
are shown red

Pin with a default
tie off value are
shown in Ilght

S
—

green

Pin tied off to ‘0’

Pin tied of%

Bus tied to a
constant value

FActel

~

COREPCIF_AHB_0

Bus Interface Pin

Connected pins are
shown green

{;O_é Inverted signal

CLK_IN CLK_OUT
HCLK HS_ENUMN
HRESETN HS_HEALTHYN 3
HS_BDSELN HS_LEDN \
HS_POWFAILN RST_OUTN _
HS_POWGQO... PCI_Interface/+ Pin marked as
HS_SWITCHN unused
Interrupts
INTAN
INTBN
INTCN
INTDN Group Pin can be
i ERRUPT expanded for using
AD[31:0] , sub pins

COREPCIF_AHB

FOWER MATTERS Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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Making Connections

= Right-click on a pin for Available Operations

m Select 2 or More Pins With the CTRL key, Right-click and
Connect

AND3_0
3 ] Y
ananan t Connect B
level C
ttttttttttt -
PulseGe fi AND3

Promote ko Top Level

oo Invert

JSystembdonitor_0 CorelJARTaph_0
S_CLK DATAWAL| LI OVERFL...
‘5_RESET ASSC_DON PRESETN PARITY_...
REF ASSC WA R RxRDY

ASSC_CHSAT T
IMCLK ASSC_CHLATD THRDY

1P
ﬁ CorelfARTaph

FActel
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Modifying Memory Map

m Easy and Intuitive Method to Connect Peripherals at
Particular Addresses on the Bus

= Interactive and Immediate Updating of Base Addresses

Modify Memory Map fgl

Select Bus to Yiew or Assign Peripheral(s) Assign peripherals to addresses on bus:

= CoredHBLite_D Address | Peripheral |
(11 0000000 CoreTimer_0:APBzlave

0x17000000
012000000
013000000
014000000
(15000000
0x1E000000
0x17000000
0x18000000
(113000000 CorelART apbh_0:APBzlave
0x1 2000000
01 b000000
01000000
[0x1d000000
12000000
01000000

Help oK Cancel
/Acte
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Testbench Generation

m Design Testbench

e Generates a top level testbench
= Clock and Reset drivers automatically generated and connected

m Bus Functional Model Script Generation
e Generates BFM script file for processor based designs
e Based on your peripheral connectivity in your designs

e Look at Processor Core Handbooks ( ex: CortexM1 ) for more
details on BFMs and usage

fActe
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Design Rule Checker

m Checks your Design for Errors
e Invoke with Checker icon ( see picture )
e Connectivity arre——
" UnconneCted/ReqUIred InpUt plns P |I™ Enable Designer Block creation
= Floating output pins 3 BHEE EE Qs @ L ED
= Silicon required connection
= Example: RTC must be driven by Crystal Oscillator

e Configuration

= Check consistency between configurations
= Example: CoreMP7 and CoreMP7Bridge debug configuration

m Errors Reported in a Connectivity Grid
e Directly fix your connectivity mistakes
e Enables fast sorting / filtering

Attribute sD1

[c7] Message % # Instance [¥ Port Name % Slice ¥/
# Floating Driver 84 Bl
HU ted Bus Interface/? i
= Undri Pin @ — CoreAHBLite_0 %emap
Hﬂmﬂ&ﬂlﬁb L BX
+l CortexM1Top_D

FActel
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Datasheet Generation

m Design Datasheet
e Pin outs of the design

e Cores used and their description

e Memory Map

Project Settinas

CoreTimer 0
FAM:  Fusiol CorelJARTapb 0

Die: MR Cortextd1Top 0
Package: 4584 F|

HDL: Verilo)
Location: E:/S|

top of page

State: SAVH
Instance Name:
Type:

10's Vendor:

Cores f .

Mermory hMap lerary.
Core Name:
Version:
Description:

instance list, top of page

Instance Name:
Type:

Vendor:
Library:

Core Name:
Version:
Description:

instance list, top of page

CortexM1Top_0 Subf

Master(s) on this bus
o Cortexh1Top_0

CoreAN
Corelld
CoreMe|
CoreGP|
Corel
CoreTime|

CoreRemal

FActel

FOWER MATTERE

CoreTimer_0 : RegisterMap Memory Map

range: 0x01000000

Address
base address + 0x00
base address + 0x04
base address + 0x038
base address + k0C
base address + 0x10
base address + Ox14
base address + 0x18

TimerLoad register details:

TimerValue register details:

Type
read-write
read-onlky
read-write
witite-onky
witite-onky
read-onlky
read-onlky

Width
32
32
32
32
32
32
32

Reset Value
0x00000000
OxFFFFFFFF
0x00
00
00
00
00

back to Cortext1Top_0 Mermory Map

Bit Offset Type Bit Width

0 read-write 32
Bit Offset Type Bit Width

0 read-only a2

Name

Name Description
Tirnerload
Timervalue
TimerControl
TimerPrescale
TirnerintClr
TirnerRIS

TimertdlS

Description

Loadvalue Load walue for counter
back to CoreTirner 0 Registers

Name

Description

Currentialue Current value of counter
back to CoreTirner 0 Registers

Introduction to Cortex-M1 v1.8

Actel Corporation © 2009
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Fast Design Search

m Design Level Search

e Find Pins, Instances, and Nets quickly and easily
e Wild card query

e Matching objects will be highlighted in the Canvas

. Project Manager - E:\SIM\ProdB41SmartDesignDemo\SmartDesignDemo.prj * - [5D1]

T rromct Flo Edt Vew Took SmariDesion Corwis Window el

RE@ D@ ¥ B =1 = |3 [ Enable Designer Block creation

Comteiperve gl |t BEE A6 QQEHLS Oy Mo - O NNOOCAE i
e

NEYSRESET |

ConeAPB
e i
CorsllARTaph 0
EEE » OVERFL . [ CoreTimer_0
L PRESETN PARTY_. [P
B R RRDY B
™ B b TIMINT TIMINT
TROY b @ PRESET
» (1
CorpliARTapb CoreTimer
<
B Coras
Project Flow 501 502

| A

VERILOG FAM: Fusion DIE: MIAFS600 PXG: 484 FBGA

FActel
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Multiple Design Representations

= Connectivity Grid
e Spreadsheet like view of your design
e Enables quick filtering / sorting

m Schematic
e Shows all pins and nets

e Traditional schematic _
VIeW : ® Instance-Instance View Instances =

£ Net-Instance View

= Instance ¥ PotName ¥ Slicel¥
£ SD_8051 — > APB3master | | oo APBamaster
1] AUKOUT AUOUT
Hi> BREAKIN BRESKIN
1@ BREAKOUT BREAKOUT

BREAKIN [

Attribute

SD_8051 | AR1 0| coRrEBOS1S_D

CLK CLK
[ DATAVALID DATAVA, |
1] DBEGMEMPSWR DBGMEMPSWR

Hi> Debuglt

F3 nitCigAnalog bif o niCighn, v
H> MEMBANK [3:0]  MEMBANK[%0]
] PRESETN PRESETN
(0] PSEL
0] RTCMATCH RTCMAT,
Ho> TCK TCK
HE> TDI TOI
(@ TDO 00
HD TMS TMS
(@] TRIGOUT TRIGOUT
HD TRSTN TRSTH
(& VAREF PAD VAREF VAREF
L[> WDOGRES WDOGRES
1> ACMCLK.
(-] ASSC_CHLATD
{<0] AS5C_CHSAT
(-] ASSC_DONE
(0] ASSC_WAIT )
(-4 DATAVALID DATAVALID
£-54 InitCigAnalog_bif InitClghnalog... [ T S
(-4l RTCMATCH ATCMATCH
(55 RTCKTL bi B L
HI SYS_CLK
HI> 5Y5_RESET
L VAREF PAD VAREF VAREF
= CORE20515_0-[f> APB3master AFB3master [
(@ AuxoUT AUXaUT
H@> BREAKIN EREAKIN
(<@ BREAKOUT BREAKOUT
CLK CLK
| DEGMEMPSWR DEGMEMPS... |
i Dehunlf o o P s C S T o)

T

FActel
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Cores Catalog

m Library of Proven
Configurable Core
Functions

m Actel Macros

m Quick-find

= Intuitive Configuration

m Drag and drop to
Canvas

FActel

FOWER MATTERS Introduction to Cortex-M1 v1.8

Catalog . x

Add Core | Options
Version: |+

Filter: | *

A Function, Mame:

Basic Blocks

+

Bus Interfaces

-| Clock & Management
CLCC - Dynarmic 11
Clock - Delayed
Clack - Divided and Del...
MUK - Ma-Glitch
PLL - Static:

+ Fusion Peripherals

+ Memory & Controllers

-1 Peripherals

Core10100
Care10100_&HBAPE
Care1553BRM an
Core1553BRT

Core1B550
Cored29_APB
CoredshbMwm
CarefshbSram
Caredl
CareCFl
CoreFMEE
CoreFROM
CoreGPIO
Carel2C
CarebBx
CareMemChl
CorePadhd
CoreRemap
CoreRSDEC
CareRSENC
CoreSDR
Core5PI
CoreTimer
CorelJ&RT
CorellARTaph
Corgf atchdog
- Processors

&= CoreB051:

&= CoredBC

&= Cortext1

FEPFIIRBDITIOITITFIOITTFOOTTST

Cores  |Templates Buz Definitions

Static PLL : Croate Core

5]
WED = 23 000 MH2 ﬁ » ,I:'M :T
<' fame <]-J1 6%
- [0 wetz 23000 mmz 1
[0des =] 0000 deg 0000 r)
3 | o ) o
< ' Soconday 1 ‘ { _'Jb
R T 7 e o
' sconday 2 ‘ oo ] ’
[ ] A
i
Standard Configurator
(SmartGen)
B chock: e S
o = =
IP Configurator
(DirectCore)
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SmartDesign IP Delivery

Project Manager

n Project Manager, User
requests to download cores
from web to vault

~_~— L

Direct
Cores

IP Repository Manager

Actel IPs
www.actel-ip.com

Local system

Third Party IP
Vendor

The cores are downloaded to \=—————————-———-~-
Vault by Repository Manager

FActel
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Cortex-M1 System-on-Chip

m Processor System
e Processor
e Bus Fabric
e Components Static Memory

m Components Controller
e Cortex-M1
e AMBA
e |IP Cores l AHB Bus

Sm rtD . n *No Brldge
= artbesig AHB2APB Cortex-M1|  Required

Automatically Bridge -Built-in Interrupt
Creates Basic —x— Controller

System RS APB BUS
e ...OR ... | |

e User Can Create
System Manually

UART I/O Control Timers Watchdog

1
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SmartDesign

Building an SoC

m Decide on Components Needed to Meet System
Requirements
Add Cortex-M1, Busses, and Components
Autostitch
Configure Components where Necessary
Add Any Other Required Connections
Check Memory Map

H
H
H
H
H
m Generate System
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Libero IP Catalog

e Project Manager, - C:Vctelprj\CortexM1_lab\Solutions\WYHDL\M1_SOCYM1_SOC.prj - [Project Flow]

‘9 Project  File Edit Wiew Tools wWindow Help -8 x
REE OE #b | Enable Designer Block creation
Current Dezigren view: |Imp|'| ﬂ | &

Dhasign Explorar I = Catalag L ®
Shaw: |C0m|:n:|nents j Design Entry Tools A Filter: |* J #dd Care | Options
<1 il work = = = 2 Function, Mame: Wersion: | *

: 4 =
+1- @ BLACKEOX_PACKAGE (arm_synplify. _ . _ + m Memory & Controllers
= E%[ SOC_TOP [SOC_TOP.YHD] HODL Editor | SmartDesign| WiewDraw _ :E" Peripherals
+-fi§ COREUARTAPB_LIE 4 &= Corel0100 33111
&= Corel0100_AHBAPE 331N
el &= Corel553BRM 30
Source Files &= CorelBRIBRT 31104
} &= CorelB550 30128
&= Cored29_APB 31104
&= CoredhbSram 1.4.104
&= CoreFROM 1.1.1M
&= CoreGPIO 1.2103
SOC_TOP.ex = — &= Corel2C 5.0.105
N &= Corelntemupt 1.1.101
&= CoreMEX 20113 IP CGTQIOQ
&= CorebdemChil 1.4.102
% &= CoreP'wid 30106
&= CoreRemap 1.1.1Mm
Pazt-Synthesiz CoreRSDEC 20104
Files % CoreRSENC 20173
| v &= CoreSDR 30115
< | > &= CoreSMBus 3.0
. . &= CoeSPl 301586
Project Flow & CoreTimer 1110
- _ _ &= CorellART 3.1.103
& Marning: The project was not us ~ &= Corel)ARTaph 31105
. The s'_t!rnthe31s profile - &= CoreWatchdag 1.1.101
_§ The M1 30C project was opened. ; 37 Fiocessors
= < | ¥ &= CoreB051s 2.2.100
2 | 4 |\n.|| ({| Errors ;f\ ‘Warnings }\Info ;m' Search Resu &= CorehBC 23163 |
4| 3 &= Cortexh] 25105 «
[ ] Hierarchy (=] Files *| ip v Modules |* /'._) Search [ Gores @Templaﬁes [B] Bus Defitions ‘
Ready WHDL |F&M: Pro&SICS |DIE: M1AZPL000 PKG: 454 FEGA

FActel

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 134



IP Cores in Libero Catalog

m Processors

e Cortex-M1, CoreMP7
e Core8051s, CoreABC

m AMBA Interfaces

e CoreAHB, CoreAHBLite
e CoreAPB, CoreAPB3
e CoreAHB2APB

m Other Interfaces

fActe

FOWER MATTERE

e Core10/100, Core429, CorePCIF
e Core1553BRT, Core1553BRM

Introduction to Cortex-M1 v1.8

m Subsystem Cores

CoreAHBNvmM

e CoreAHBSram

CoreAl
CoreCFl
CoreDDR
CoreFMEE
CoreFROM
CoreGPIO
Corel2C
Corelnterrupt
CoreMemCitrl
CorePWM
CoreRemap
CoreSDR
CoreSMBus
CoreTimer
CoreUART, CoreUARTapb
CoreWatChdo%32
009

Actel Corporation
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Cortex-M1
SmartDesian Configuration

Core 1Tep 0

4

b EDEGRO  HALTED BX
B HCLIC HRESETI
& nmi JTEGTOP S

RE.. LOCKUP
b WDOGR. WDOGR. Ex

) [ co nfiguring CortexM1Top_0 |Z| |E| E|

a7 Configuration

a2 Debugaging

o Debug Interface: |FlashPro3 [v

:535 Mane
i e T Realview JTAG |

M1AZP1000

IRa31 Dies
it
»
cormanop i Speed grade: |-2

B R o o e o o o o
TTTTTT TP TTTTY P TTTTT PR R Y TYOTY
3

HRESET)

MHEM [ [ KHK HHUKXX

Tightly Caupled Memory
B freme M L i . E i . Instruction TCM: |0 Ehyhes

CoraEncl = %_ -

m  Select Debug Interface
e None (Default)
e RealView JTAG
e FlashPro3

[ | SeleCt Dle Enable 05 Extensions:

e Die already Selected in Libero |
- M1AFS600, M1A3P1000, etc. lcensei - Obfuscated

m Other Options Inactive

[rata TCM: 0 kbytes

Other

Mumber of Interrupts: |1

Mulkiplier: Small

Cancel

o
~

FActel

POWER MATTERS Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 136



CoreAHBLite and CoreAHB

W

m CoreAHBLite

m CoreAHB

[l Configuring CoreAHBLite_0 (Core... |Z||E|rz|

FActel

FOWER MATTERE

Configuration
Enabled &4HE Slave Sloks
slot 0 slot &
Slat 1; Slat 2;
slot 2 slot 10
slot 3: slok 11
slat 4; slat 12;
slot 5: slot 13:
slot & slok 14
slat 7; slat 15;
License: Obfuscated
(0] 4 l [ Cancel ]
[ |

|ldentical Configuration
e Enable/Disable Slots

Introduction to Cortex-M1 v1.8

1P} Configuring CoreAHB_0 [CoreAH... : : kad

Configuration
Enabled AHE Slave Slots
slat 0: slat &
Slat 1; slot 4
slat 2: slat 10
slat 3: slak 11:
slat 4; slat 12;
slat 5 slat 13:
slat & Slat 14
slat 7: slot 15:
License: Obfuscated
I l [ Cancel

Actel Corporation © 2009
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CoreAPB3 Configuration Options

m Enable or Disable Each of 16

APB Slots

IS

s APB Slot Size

e Default Is 256 Locations per
Slot

fActe

FOWER MATTERS Introduction to Cortex-M1 v1.8

T~—

I Configuring CoreAPB3_0 (CoreAP... [= |[B](X]

Configurakion

Enabled AFE Slave Slots

Slot 0:

&

Slak 1:

T~
\

&

Slat 2:

&

Slat 3:

&

Slat 4:

&

Slak 5:

&

Slat &:

&

Slak 7:

APE Slak Size

APE Slok Size |256 locations  w

License:

Slat 3

Slak 9;

Slat 10;

Slak 11:

Slot 12:

Slak 13:

Slat 14:

Slak 15:

Obfuscated

&K E [’ E

=]

(0]4

l ’ Cancel

Actel Corporation © 2009
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CoreAPB
SmartDesign Configuration

= Implements APB in Single Component
m Uses Selects from CoreAHB2APB
m [ile Count: 125

PSTB >
PA[31:0] )
[ Configuring CoreAPB_O (CoreAPB... [= |[E)(X] PWDA;?\};}#E >
- From Bridge > > To APB slaves
Configuration
Enabled APE Slave Slots PSELslave1 >
PSELslave2 >
Slat 0: Slat &: PSELslaveN >
Slat 1: Slot o
Slat 2 Slak 10
clat 3¢ Slok 11 «— PRDATA[31:0] From Slave 1
Slak 4 Slok 12:
To Bridge PRDATA[31:0] &— PRDATA[31:0] From Slave 2
Slat 5 slak 13:
bt ol 13 «— PRDATA[31:0]  From Slave N
Slat 7 Slat 15
License: Obfuscated
[l 4 ] [ Zancel

FActel
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Other SmartDesign Cores

s UART

m Static Memory Controllers
e Optimized for Internal and External Memory

Timers

General-Purpose I/0O Controller (Small-footprint GPIO)
Watchdog Controller

CoreAl for Fusion

PCI Controllers

e Target, Master, and Target+Master

Ethernet
m 1553
m All Actel IP Cores Are Now Distributed through SmartDesign
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CoreUARTapb

m APB Slave

m Extension of CoreUART
e Wrapped with APB Interface

e Configuration Settings Exposed in Control Registers
= Not Hardwired as in CoreUART

e ReceiveFull and TxRdy Exposed
= Can Be Used as Interrupt Sources

m [ile Count: 300

fActe
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CoreMemCitl

= AHB Slave
m Optimized for Actel Development Kit

= Memory Interfaces
e External Asynchronous/Synchronous SRAM
e External Asynchronous Flash

= Two AHB Ports
e Flash RAM (Typically Slot 0)
e SRAM (Typically Slot 1)

m [ile Count: 100

fActe
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CoreMemCitrl

fActe

FOWER MATTERE

nflauration

SRAM Mode
e Synchronous or Asynchronous

Synchronous SRAM Mode
e Pipeline or Flow-through \

Flash Data Bus Width
e 32 or 16 bits

Flash Read Wait States
e 0,1,2,0r3

Flash Write Wait States
e 1,2,0r3

SRAM Read Wait States
e 0,1,2,0r3 \
SRAM Write Wait States —

e 1,2,0r3

Shared Flash/SRAM Read/Write
Enables

e Select ‘Yes’ or ‘N0’

\

1P| Configuring CoreMemCirl 0 (CoreMemCirl - 1.... E‘@|E|

Zonfiguration

SRAM mode:

\

) synchronous (%) asynchronous

Synchronous SRAM mode:

T~

Floww-through Pipeline

Flash data bus width:

T ) 16 it

(#) 32 bit

Murnber of wait states For Flash read:

.
Oo O1 ® 2 O3
Murnber of wait states For Flash write:
> O 1 ® =z O3

Mumber of wait states for SRAM read:
Bs Co @1 Oz Os
Murnber of wait skates For SRAM write:
®1 Oz 3
Read and write enables shared for Flash and SRAM:

) No ) Yes

License: Obfuscated

[ o ][ conee

Introduction to Cortex-M1 v1.8
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CoreMemCil
External Memory Interfaces

m External Memory Interface of CoreMemCtl Should Be
Routed to Subsystem Top Level

e Generic Interface Accommodates a Variety of Flash and SRAM
Configurations

CorebdermiCtrl

HCLK External...[+] @+ Externaltdemarylnterface
HRESETh
IF

CoreMermCr!

s Memory Devices Typically Have Several Inputs Fixed at
Static Levels

e These Should Be Handled in the Top-level Description for FPGA
(above Subsystem Top Level)

fActe
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CoreMemCitl

Interfacing

m Flash
e Read and Write Wait States Can be Inserted

= Asynchronous SRAMs
e Read and Write Wait States Can be Inserted

m Synchronous SRAMs

e CoreMemCitrl Designed to Connect to either Pipelined or Flow-
through Devices

e Pipeline Mode — Output Data Assumed Valid just after the SRAM

Clock Edge that Follows the Edge on which the Read Address Is
Clocked into the SRAM

e Flow-Through Mode, Additional Register Is Implemented FPGA
Logic to Accomplish the Same Thing

fActe
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Flash Interfacing
Write Wal — 2-\Wait- Exampl|

OWS 1WS 2WS OWS 1WwWSsS 2WS
Write Write Write  Write Write Write
Addr Addr Addr Addr Addr Addr

AO AOO A0 A1 A1l Al
I N S L A e B T e

:
—

HELE |1
HSELTlash
HSELsram

HREADYIN
H RITE
HADLHR

HWDATA

[
|
1
1
1
:
|
i
HRE ADYTlash i
1
1
1
1
1
1
1
!
i
i
T
1
1
1
1
1
H
1
1

i) A 1
| KT >

HRDATATIash
HEE&DYS ram
HRDATAS am
FlasniCsHM
FlzehOEnN
Flas il Enkd
Sramicai
SramOEnH
SramiWEn N
MemReadh
Kemritan
M emaddr
MembCiata

|

——

[
[

I,_:—.

A

Lrl

= Mg e o e ] o e e e e e e e ] e o e e =

¥

FActel
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Flash Interfacing

R \Wal

HCLE
HSELTIash
H3ELsram

HREADYIM
HEF RITE
HALDDR

HW&WDATA
HEEADYTIash
HRDATEATAs
HEE&AL TS ram
HRDATAS am
FlashiCsh
FlzehiOEnk
Flas il Enfl
SramiCsi
SramCEnN
SramiWEn N
Femieadh
KlEmTite N

MMemaddr

fMemData

FActel

FOWER MATTERE

— 1-Walit-

Exampl

OWS 1WS O0OWS 1WwWs
Read Read Read Read
Addr Addr Addr Addr
AO A0 Al Al
o W s T T T o T s T T
r . . 1 : ! ! !
! L 1 | ! ] !
— | i i g i ! i i
Fy ] 1% [ 1 i 1 1
= 1 . ' i |
: S e o SN 1TV A N T I : :
| i i i i | i !
! ! ! ! N
: 1 ! ! N
-
' . Yt

Introduction to Cortex-M1 v1.8
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Asynchronous SRAM Interfacing
Write Wait States — 1-Wait-State Example

oOws 1WS 0O WS 1 WS
Write  Write Write  Write
Addr Addr Addr Addr

AO AO Al Al
Hebk 1 1 1 1| ! |l | 11 | 11 I e B
HSELflash i i ! ! ! ! ! !
HSELsram I i i | i i i i
HREADYIN i 1 1 I i i ]
HWRITE : : : ! : : : :
HADDR &0 ¥ : : : :
WD AT A : l\%%ﬂ i i
HREAD YT ash : : : : : : : !
HRDATATIS i i i i i i i |
HREADYS ram ! | | | ! ! |
HRDATAS ram : : : : : : : :
Flas hCsH : : : | : : : :
FlashOENN i 1 1 i : : : :
Flas hW/En N i ! ! ! ! : : |
SramC5SM i 1 i i i i i
Sram Ok nikl ; ; ; i ; ; ; !
Sram'WEnM ; L N I !
MemRead ] ] ] ! ] ] ] ]
W M il i —1 . : |
MemaAddr i ' £ i i A i i
embata ——— o

FActel
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Asynchronous SRAM Interfacing
Read Waj — 1-Wait- Exampl

0 WS 1 WS 0 WS 1WS

Read Read Read Read

Addr  Addr  Addr Addr
A0 AO Al Al

S SR

Hole T [ [ | f i
HSELTlash i ! i i i : : i
HSE Lsram 1 ; ; 1l ! ! ! !

HRE ALY ! ! !
HNRITE —} : ]
HADDR Ao ! '

HWDATA ! ! :
HREADY¥Tlash ; : !
HROATATash , . ]
HREADYS ram : : ]
HRDATAS am ! ! !
FlashCsM i i . . i . i i
FlashOEnM i ! ! ! ! i | i
Flas i/ Enl i i ] ] ] ] ] i
SrAMmCsN i | ! ! ! : 1
Sram CEnN . | : : I !
SrAmWEnH : : : : : : : :
MemReadh i T l ! I i
BB it N ! j ! ! ! ! ! |
MemAddr : ¥ i X : i : !
MembData 1 — | Do 1§ Ll — 1

FActel
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nd Wri

Synchronous SRAM Interfacing
R

Multip!

HCLE
HSELTIZER

]
]

HSELSram
HREEALYIH

2o
H

]

HWRITE

R T WA

A1

IO R D R

HADLR

HW AT A
HEEADY flash
HREDWTATIa=h

[

|4

Y005 01402 %

HEEALY sram

g e L g [0S J [

HEDAT Asram

FlashCsN
FlashOEnH

FlzsM&EnM

SIE S O I Oy 0y 0 B B B e B B B

SramissH
SramZEnH

SramiEnH .I |

KemRaadh

MemwriteN — 1|

KMemaddr

KemCata

150
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CoreTimer

m APB Slave
m Dual 32-bit Timers

e One Interrupt per Timer
m Can Be Extended to Include More Timers

m Free-running or Periodic Modes (One-shot Operation also
Possible)

m [ile Count: 310 — 535
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CoreGPIO

= APB Slave
m 32-bit Output Register (Write Only)
m 32-bit Input Register (Clear on Read)

m [ile Count: 100
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CoreWatchdog

m APB Slave
WDRES
m Generates Interrupt at System Clock =~ Srtex-M1 n
Programmed Interval NSYSRESET —> s

m If Interrupt Is Not Serviced,
Watchdog Generates System
Reset Signal

m Watchdog Can Be Enabled and Advanced High Performance Bus (AHB) - Lite
Disabled

m If Synchronized Reset Is Not AHB to APB
Available from System, Bridge

Watchdog Should Be Used with

MP7Bridge
= Tile Count: 280 — 490 UART

RC
Oscillator

SRAM

- PLL

fActe
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Component Versioning

Catalog g_ x
Filter: |* J Add Core | Options
A Function, Mamme: Wersion:

+ Bus Interfaces

+ Memory & Controllers

-] Peripherals
&= Core10100 3311109
&= Core 10700 40743
&= Corel0100_AHBAPE 4.07123[7
&= Core 70700 AHBAPS 40743
&= Corel553BRM 30
&= CorelB53BRT 31.104 (%
& CorelSH3FAT AT
&= CorelBRE0 30123
&= Cored29_APEB 31.104
&= Cored| 20119
&= CorelCFl 20
&= CorelDR 30166
&= CoreFMEE 20123
&= CoreFROM 1.1.101
&= CoreGPI0 1.2103
&= Corel2C 0105
&= Corelnterupt 1.1.1M
&= CoretiB 20113
&= CorePwd 20106
&= CoreRemap 1.1.1m

CoreRSDEC 20104
CoreRSENC 20179

&= CoreSDR 30115
&= CoreSMBus a0
&= CoreSPI 301568
&= CoreTimer 1.1.1M
&= CoredaRT 31.103
&= CorelJARTapb 31105
&= CoreWatchdog 1.1.1m

-| Processors
&= Coref057: 22100
&= CoetBC 23165
&= CoretP7? 20
&= Cortextdl 26106
&= P1_Cortexh1 2011

Cores |Templates Buz Defitions: ‘

FActel

= Where Available, Different Versions of Component May Be
Selected

m Select Show Core Version from IP Catalog Options
e Select Version You Want to use in Design

= Only One Version of Component Can Be in Project
e DONT MIX VERSIONS!

!

Catalog Display Options

Display Filters
Organize the cores displaved in your Catalog, Select which cores ko display in the Catalog,
% Marme: | *
Function: | *
% ™ List cores alphabetically
MMarket Segment: |.C\II j
Sork order: ’m
& Interface Type: |.C\II j

[v Show Filkers fields in catalog

v Display only the latest version of a care
v Show core version

Defaulk
Help Ok | Cancel |

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009
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Catalag L o= X

Com ponent Help Filter: | * J.ﬁ.danre Opkions
4 Function, Mame: Version: | =
E= Corel 6550 30128 _——
&= Cored23 APR 31.104
. . . . &= CoadbhVim ra
m Libero Information Window Provides &= CoredibSsam 19 T
Essential Designer Information About A
) &= CorelFl 2.0
Core Selected in Catalog &= CoreFMEE 20123
m Includes a Link to Documentation for "~ Gores [Templates | Bus Defnitons
Core ==
Information wiindow L o~ X
Project Manager New Features @
Properties @
Yendor: Actel

Library: DirectCore
NMame: COREAI
Yersion: 2.1

Description:

CoreAl (Analog Interface) allows for simple
control of the analog

peripherals within the Fusion family of Actel
devices, Control may

be accomplished by using an internal or
external microprocessor or

ricrocontroller (such as Cored30S1 ar
CoreMP?), or it may be accomplished

by user-created custom logic within the FPGA
fabric, The industry

standard AMBA APB slave interface is used
as the primary control mechanism within
Corehl,

Version History:
2.1 Fixes a simulation issue that manifests

itself when ADC FIFD is used with an
abfuscated license,

Dpen documentation

FActel

POWER MATTERS Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 155



JActel

POWER MATTERS

IP for ARM in Fusion



Building Fusion Systems

Qverview

NEVERESET B

SYSCLK I

AnalogPads Tl gy

Cortexhil Top_D

EDBGRG HALTED
HCLK HRESETR
8] JTAGTOP
MNEYERE.. LOCKLP
WDOGRES  WDOGRE ..

CortexM1 Top

Remap
HCLK
HRESETn

CoredHBLIte

Careshiyvm_0 CoreshifSram_0

CoreAHB2APE_0

IP

CaredhbNvm

COREAID

PCLK INTERRLIPT corepym_0
PRESETN DAYOUTH,

AnalogPa... DACOUT =,
DDGDOMN DATOUT (3 PCLK Fiuna[1]
RTCH, PRESETH
1P 1P
COREAS COFERWE

» PAma[1]

FActel

FOWER MATTERE

Introduction to Cortex-M1 v1.8

CoreAl is Main Fusion-enabling
Component

Analog Signals Are Auto-
stitched

Analog Interface (Al) is
Instantiated and Can Be Fully
Configured inside SmartDesign
ACM Configuration File is
Output to SoftwareExport for
Application Use
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CoreAl
Analoq Interf

m CoreAl Brings Cortex-M1 and Fusion Together
e Available FREE as Part of SysBASIC IP
e Configurable IP Block (150-460 tiles)
e Simplifies Fusion Analog Interface to Cortex-M1
m Advantages for Designers

e Parameterizable Control of Fusion Analog Block (AB) and I/O
e Controlled by Cortex-M1 via APB Bus

Flash
F S,

Static Mermaory Interrupt
Controller

Controller
Fusion
AHB
Hardware
AHBZAFB
bridge AB is logically but not physically
implermented inside of CoreAl
RTL IP PE
Components >
=
UART YWatchdog Timers GPID =
u u u u CoreAl AB o= Lg—
1 &
w’,;;'?ﬂ.?{' Introduction to Cortex-M1 v1.8
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CoreAl
Features

m APB Slave
e Connect to CoreAPB

= |nstantiates Analog Block (AB)

m Configure via Dialog Box

e Define How Analog Pins Are Used (0V to 4V Input, Current
Monitoring, Temperature Monitoring, ...)

e Has Implications for Required Connections to Top-level Analog Pads

= “AnalogPads” Port on CoreAl Groups All Connections to
Analog Pads

fActe
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CoreAl Connections
AnaloaPads B

m AnalogPads Contain 47 Individual Signals...

e Route Connection to AnalogPads to Top Level .|.
of Your Design cw wremn. *x
: TR naroas bresE
e Bus Connection to AnalogPads Labelled . daai
“AnalogPads” in Example Below % Disconnect
e Possible to Connect Signals Individually — Not futa cennect
Advised! Show Het
Hide Met

Promoke to Top Level

P Delete

COREAID l

PCLK INTERFR... by
SYSCLK FRESETH DAY LT )
AnalogPadsH FAnalogP. .. DACOUT
DDGDOM DATOUT )
RTC/%
|
COREAS

[ ]
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CoreAl Configuration Dialog

IE Configuring COREAL O FEX
Canfiguration A
ACM clock divider: PCLK | 2 v|
Internal temperature monitar: |Disal:uleu:| V| B
Interrupt out line: |Disal:uleu:| V|
Interrupt output polarity: |.ﬁ.ctive high V|
Cuad 0
AMD input: |E|'-.-' ko &Y analog input v| ACO input: |Disal:u|ed v|
ATO input: |Disabled V| Ac0 output: |Disa|:||ed V|
Cuad 1
AM1 input: |Disabled v| AC1 input: |Disal:u|ed v|
»
I (04 l [ Cancel

m ACM Clock Divider — PCLK Divided by 2, 4, 8 or 16
e ACM Clock Frequency Must Not Exceed 10 MHz

m Internal Temperature Monitor — Enable/Disable

m Interrupt — Enable/Disable

= Interrupt Polarity — Active-high/Active-low
Actel
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CoreAl Configuration
Quad Seftings

[ Configuring COREAI_O M=
Canfiguration s
ACM clock divider: PCLK | 2 v|
Internal temperature monitar: |Disal:uleu:| V| B
Interrupt out line: |Disal:uleu:| V|
Interrupt output polarity: |.ﬁ.ctive high V|
Cuad 0
AMO input: 0% ko &Y analog input |r\_r' ACO input: |Disal:u|ed v|
Disabled ~
ATO input: 0¥ Lo YAREF analpg input Ac0 output: |Disa|:||ed V|
0% ko 12% analog input
EI:I'I.I' ko 8% analog inpuk
Quad 1 0% bo 4¥ analog inpuk
0% bo 2Y analog inpuk
a1 input: |9 b8 1 analog input AC1input:  |Disabled v|
0% ko 0.5Y% analog input "
0% ko 0.25Y% analog input
0¥ ta 0.125Y analog input ¥ [ ok ] [ cancel

= 10 Analog Quads (Quad 0 to Quad 9)

e Analog Quad => 4-channel System for Pre-conditioning Analog
Signals before Passing to ADC for Conversion into Digital Signal

e Quads Can Be Configured via CoreAl Configuration Dialog
JActel’
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CoreAl Configuration

Additional IoN

Real-Time Clock Usage
\

Select ‘Yes’ or ‘No’ B

VAREF Selection

Internal 2.56v ReferencN

Voltage brought out on
VAREF Pin

ADC Resolution Control —__
Fixed (8-bit, 10-bit, or 12-bit)
or selectable via register

TVC Control
Clock divider fixed or
selectable via register

STC Control

[[d Configuring COREAI_O

anc

\

v

Sample time fixed or
selectable via register

ADC FIFO Control

Select ‘Yes’ or ‘No’ and
almost full/empty values

APE

APB Interface Width
16 bits (Fixed)

v

Real Time Clock

Use Real Time Clock:

WAREFSEL input contral: Fixed |
Fixed VAREFSEL value: |Qutput 2,56V int ref on VAREF v |
ADC MODE control: |Register controlled V|
ADC MODE Fixed value: [10-bit |
TWC[7:0] pins cantral: |Register controllied v|
TWiZ[7:0] Fixed walue: |D |
STC[7:0] pins control; |Register controlled V|
STC[7:0] constant: |D |
Use a0 canversions FIFC!: |N|:| v|

ADC FIFD almost emply value: |D

ADC FIFO almost Full walue: |D

APE interface width: |16 bits

[

Ok

] [ Cancel

FActel
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CoreAhbNvm, CoreAhbSram, CorePWM

m CoreAhbNvm (Fusion Only)

e AHB Slave Providing Access to Nonvolatile (Flash) Internal Memory
on Fusion Device

e Configure Size (256KB, 512KB or 1MB) in SmartDesign

m CoreAhbSram (Fusion and ProASIC3/E)

e AHB Slave which Allows AHB Master (Cortex-M1) to Access Internal
SRAM

e Size (2KB, 10KB, 14KB or 28KB) Configured in SmartDesign
= (2KB of Internal SRAM Reserved for Cortex-M1)

m CorePWM (Any Family)

e Not Fusion-specific but Has “Analog Flavor”

e APB Slave Providing up to 8 Pulse-Width-Modulation Outputs (Motor
Control, Tone Generation)

fActe
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SmartDesign Files in Libero

L ibero Proj mpl

-1

) Project Manager - C:\Actelprjtctel bootcampiCortex-mM1_AFES_SOC_lab\Solutions\WHDLYMTAFS _SOCW1TAFS_SOC. prj - [Project Flow]

Project Flow

b3
¥ id v Modules |*

;.) Search | My~ Options

x

’$ Project File Edit Wiew Tools ‘Window Help
FRE D= 8
Current Desigrer wiew: |Imp|‘| j 23] @

Dresign Explorer L ® Catalag L - X
Shaw: | Components | Design Entry Tools Root: SOC_TOP A Filter: | + J add Core | Options
<)l work = ) = = L, Pre-Synthesis & Function, Name: | Version:

+ @l BLACKBOX_PACKAGE [arm_sym 10 Athibute Sﬂ Py Fost-Synthesis Confi + Actel Macroz
E Fusion My Edi HDL Editor | SmartDesign | WiewDraw = Post.Layout SIGUE
HEON_ Itor - + Basic Blocks
‘L + Bus Interfaces
= + Clock & Manage...
Saurce Files l + Fusion Peripherals
‘L . . ¥ Memory & Contr...
Simulation .
:
B Simulation
S TD ) C 1- _ + Processors
artoesign componegn M
m 9 mp SOC_TOP.e: « todelSim
Prost-Synthesis Corez |Templatez | Buz Defin... ‘
Files
Information ifindaw L - X
s .
I > Project Manager New Fea...@

Properties

Likero Project Manager J_\
Version: §.5.0.34 —
® Release: V.5
S 0 Info: To khegin, from the Project menu, select COpen Project or New Projec
o . . .
P N e bl
L | HIPYE | 3
EHierarchy Files i | [\AII fﬂ Errars ?\ ‘Warnings )\Info P\ Search Results 1 fr
Ready

WYHDL [F&M: Fusion |DIE: M1AFS600 PEG: 454 FEGA

FOWER MATTERE
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SmartDesign Files in Libero

L ibero Proj

) Project Manager - C:\Actelprjtctel bootcampiCortex-mM1_AFES_SOC_lab\Solutions\WHDLYMTAFS _SOCW1TAFS_SOC. prj - [Project Flow]

’$ Project File Edit Wiew Tools ‘Window Help

Red D&

Current Designer view: |Imp|‘| j
Dresign Explorer L ®
= Companents

+- Common HOL S ource Files

+- Commaon Simulation Files

+- Commion Stinulus Files

+-- Commeon [mplementation Files
+-[&] Fusion_twh

+-[&] CLKGEN

HOL Source Files
B MIBASIC_SOCvhd
Simulation Files
E—ﬁ, CoredhbMwvm_zcriptlet. bfm
B CorethbNym_UnitTest bim
E—ﬁ CoreGPI0_scriptlet. bfm
E—ﬁ, CoretemCtl_scripthet, bfm
E—ﬂ, CoreRemap_scriptlet bfm
% CoreTimer_scriptlet bfm
nvrnl.mem
nvrnl.mem
N mem
N3, mem
E—ﬁ rvr_TMEB_scriptlet bfrm
% rvrn_28EkEB_scriptlst b
B subsystem bfm
Stimulusz Files
B testhench vhd
natraint Files

SmartDesignh Output
I ElHierarchy Filez

Ready

mpl - 2

EOX

- 8 %
@ @
Catalog L - X
Design Entry Tools Root : SOC_TOP 2 Filter: |* Add Core | Options
= _ = = _ . Fre-Synthesis A Function, Name: Wersion;
10 Attribute - M . ) =5 Post-Synthesis T + Actel Macroz
E it HOL Editar | SmartDesign | WiewDraw > Post-Layout
el - + Basic Blocks
¢ + Bus Interfaces
= + Clock & Manage...
Source Files l + Fusion Peripherals
J, . . ¥ Memory & Contr...
Simulation A
+ Pernipherals
B Simulation
_ + Proceszors
M
SOC_TOP.ex = bd odelSim
Past-Synthesiz Corez |Templatez | Buz Defin... ‘
Files
Information ifindaw L - X
w -
= 5 Project Manager New Fea...@
Project Flow Properties
*| i+ Modules |"= \,'_) Search ‘ Iy~ Options
® Likero FProject Manager J_\
Version: §.5.0.34 =
® Release: w3.5
S Info: To kegin, from the Project mwenu, select Open Project or New Prc 3
= m. L LT o PSP S —————————1 ———— . — —a _—— —————a— = =
s < | 3 .
E' all A Errors }\ Warnings ?\Info .}\ Search Results 1 I,"

WYHDL [F&M: Fusion |DIE: M1AFS600 PEG: 454 FEGA

FOWER MATTERE
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SoC Testing with BFM

SmartDesign SoC Subsystem Everything Is Generated by SmartDesign !

AMBA based SoC Test Script

Human
Readable

memmap uart 0xC3000000;
write

b uart 0Ox0C 0x06;
read b uart 0x08;
readcheck b uart 0Ox0C 0x06;

Cortex-M1

t AMBA AHB bus

/

Editable by User to Add His Own Test Functionality

FActel
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BFM Features

m Allows User to Test Integration of Subsystem

e Test that All Peripherals Can Be Accessed
e Test Address Decoding and Bus Connections

m Pin-compatible with Cortex-M1 Processor Core
e Primarily AMBA Interface

= Models Big-/Little-endian Operation

m BFM Includes Timing Shell

e Facilitates Back-annotation of Delay Information during Post-synthesis
Simulation

m Support for Interrupts

fActe
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BFM Test Script

m  SmartDesign Generates ‘Connectivity Testing’ BFM Test Script

e HDL- and Simulator-independent

m User Can Extend Test Script

e Write Specific Values to Control
Registers of a Peripheral

e Read Status Re%isters and Verify
against Expected Data

m Uses User-specified Resource
Names for Ease of Understanding

FActel

POWER MATTERS Introduction to Cortex-M1 v1.8

# write to ssram resource (offset 20)
write w ssram 0x20 0x55555555

# read back from same location
# (expect same data)
read w ssram 0x20 0x55555555

# write to flash resource (offset 100)
write h flash 0x100 Oxaaaa

# read back from same location
# (expect same data)
read h flash 0x100 Oxaaaa

Actel Corporation © 2009
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Cortex-M1 Signals Modeled by BFM

m General

e NSYSRESET

e SYSCLK

e RESETN
s AMBA AHB Bus
HADDR
HSIZE
HTRANS
HWRITE
HWDATA
HRDATA
HBURST
HMASTLOCK
HPROT
HREADY
HRESP

m TCM Interface

m Embedded Trace Interfaces Are NOT Modeled by BFM
e Often These Are Not Used Anyway!

fActe
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SoC System Testbench

m SmartDesign Output (Black)
m User Adds Modules, Tasks (Blue)
m BFM Is Embedded within SoC (Red)

System Testbench
User-defined SoC Top
Modules, Level Subsystem
Tasks, Functions
_— BFM
) | Memory T | Test
e |° > Control Cortex-M1 Script
A | [
[ | |
Video
MAC ||UART]
FLASH |< Codec

mlﬁm TERS Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 172



BFM Log Output

m BFM Outputs Log Messages to Simulator (ModelSim) Console

# write to ssram resource (offset 20)
write 55555555 to offset 20 in ssram
# read back from same location
read data = 55555555, as expected
# write to flash resource (offset 100)
Write aaaa to offset 100 in flash

# read back from same location
read data = aaaa, as expected

# Wait for ARM interrupt

Interrupt detected

Write 22 to offset 4 in videoCodec

# read back from same location
Error in read of videoCodec
Expected 22, actual value 20

fActe
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Top-Level BFM Script
subsystem.bfm

# map resource_name base_a

# write  width resource_name byte offset data; — Tem plate
#read width resource_name byte_ offset;
W%our%—”ame byte_offseidfta; e Actual Read and Write Commands
ﬁ . _ Are in Scriptlets Referenced by
# Memory Map Include Statements
ﬁ Define name and base address of each resource. e include References File with

Added Suffix “_scriptlet.bfm”

}W\AemCtrl_OO 0x0;

memmap CoreMemCtrl_00 0x10000000;
< memmap CoreAhbSram_00 0x30000000;

memmap CoreGPIO_00 0x40000000;

mmap CoreUARTapb_00 0x41000000;

System memory map
H#

# Include resource scriptlets
H

m

include CoreMemCtrl CoreMemCtrl_00;
include CoreMemCtrl CoreMemCtrl_00;

include CaredlbSramLacAhbSram_00; . . .
indud CoreGPIO J0: <« References peripheral listed in
include COTEUART app CoreUARTapb_00; memory map

N References File
Yctel CoreGPI0_scriptlet.bfm
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BFM Scriptlet Example
CoreAhbSram scriptlet._bfm

#H

# Resource: CoreAhbSram

# Instance: VAR _resource

H#

# BFM scriptlet for CoreAhbSram

# Test byte/halfword/word writes and reads
write w VAR _resource 0x0 0x123456 35

ES

readcheck b VAR resource 0x0 0x9a;
readcheck b VAR resource 0x1 0x56;
readcheck b VAR resource 0x2 0x34;
readcheck b VAR resource 0x3 0x12;
readcheck h VAR resource 0x0 0x569a;
readcheck h VAR resource 0x2 0x1234;
write b VAR _resource 0x1 Oxbc;

write b VAR _resource 0x2 Oxde;

write b VAR _resource 0x3 0xf0;
readcheck w VAR resource 0x0 0xfOdebc9a;
write  w VAR_resource 0x4 Oxaabbccdd;
readcheck h VAR resource 0x6 Oxaabb;

readcheck w VAR resource 345678;
write xO 0x9a;
readcheck w VAR_resource 0x0 0x1234569a;

_—

FActel

POWER MATTERS Introduction to Cortex-M1 v1.8

e VAR _resource Is Dummy
Instance Name

e Actual Name Is Referenced in
subsystem.bfm

Actel Corporation © 2009
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BFM Script Command

write

= Function
e BFM Performs Write to Specified Offset within Memory Map of
Specified Resource
m Syntax
write width resource name byte offset data;
where
width - W (Word), H (Halfword), B (Byte)
resource_name — User-defined Resource Name
byte offset — Hex Offset from Resource Address Base
data — Hex Value of Data to Be Written

s Example
write W VideoCodec 20 11223344;

fActe
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BFM Script Command

read

m Function

e BFM Performs Read from Specified Offset within Memory Map of
Specified Resource

m Syntax
read width resource name byte offset;
where
width - W (Word), H (Halfword), B (Byte)
resource_name — User-defined Resource Name
byte offset — Hex Offset from Resource Address Base

s Example
read W VideoCodec 20;

fActe
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BFM Script Command

readcheck

= Function
e BFM Performs Read from Specified Offset within Memory Map of
Specified Resource
m Syntax
readcheck width resource name byte offset data;
where
width - W (Word), H (Halfword), B (Byte)
resource_name — User-defined Resource Name
byte offset — Hex Offset from Resource Address Base
data — Hex Value of Expected Data

s Example
readcheck W VideoCodec 20 11223344;

fActe
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BFM Script Command

walt

m Function

e BFM Stalls (Doesn'’t Initiate Any Bus Transactions) for Specified
Number of Clock Periods

m Syntax
walt num _clock ticks;
where
num_clock ticks — Number of Clock Cycles that BFM Stalls

s Example
wailt 20;

fActe
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BFM Script Command
poll

m Function

e Continuously Reads Specified Location until Requested Value Is
Obtained

m Syntax
poll width resource name byte offset data bitmask;
where
width - W (Word), H (Halfword), B (Byte)
resource name — User-defined Resource Name
byte offset — Hex Offset from Resource Address Base

data_bitmask — Bitmask Is ANDed with Read Data and Result Is
Compared with Bitmask lItself

If Equal, Poll Command |Is Complete
If Not Equal, Polling Continues
m Example
poll W VideoCodec 40 567890AB;

fActe
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Accessing Peripheral Locations

m Writes / Reads to Memory Locations Are Valid Accesses
e Example — CoreAHBSram

m Writes / Reads to Meaningful Register Addresses Have the
Desired Effect on a Peripheral
e Register Locations Have Specific Meanings in Core
e Example — CoreTimer Used in Lab

m Reads to Unused Register Addresses Still Return Data
Written ...

e ... even if No Actual Register Is Present
e NO Checking for Invalid Addresses

fActe
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User Modifications

m Users Can Modify subsystem.bfm or Scriptlets to Add
New Tasks or Test Additional Functionality

m BFM Scripts Are Overwritten When Core is Re-generated in
SmartDesign
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User Modifications

Scriptlets

m Open File in Libero HDL Editor and Add New Tasks

e Perform “Save As” on Modified Scriptlet

fActe

FOWER MATTERE

Modified Scriptlet Saved as CoreTimer_user_scriptlet.bfm

= Name Convention: <peripheral _name> scriptlet.bfm

write W

write h
write h
poll b

write h

# Resource: CoreTimer
# Instance: VAR _resource

VAR_resource
readcheck W VAR resource
readcheck W VAR resource
VAR_resource
readcheck h VAR resource
VAR_resource
readcheck h VAR resource
VAR_resource
read h VAR _resource
VAR_resource

0x014 0Ox01;

0x10

0x00000100;
0x00000100;
0x00000100;
0x0001;
0x0001;
0x0003;
0x0003;

0x1234;

Introduction to Cortex-M1 v1.8
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User Modifications
subsystem.bfm

e Perform “Save As” on Modified File

s Modify subsystem.bfm to use Modified Scriptlets

# Memory Map

# Define name and base address of each

resource.

Use modified scriptlet <

fActe

FOWER MATTERE

memmap CoreAhbSram_00 0x00000000;
memmap CoreAhbSram_01 0x10000000;
memmap CoreGP10_00 0xc2000000;
memmap CoreUARTapb 00 0xc3000000;
memmap CoreTimer_00 0xc4000000;

include CoreAhbSram CoreAhbSram 00;

gnclude CoreAhbSram CoreAhbSram O01;
include CoreGPIO CoreGPIO _00;
inclu oreUARTapb 00;

Cor C
includeCoreTimer_user YoreTimer_00;

Introduction to Cortex-M1 v1.8 Actel Corporation © 2009
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Modified BFM Files in Libero

m Files Appear Under User Files After “Save As”

Dresign Explarer L x

Compatients
+-- Common HOL Source Files
+-- Common Simulation Filez

+-- Common Stimuluz Filez
¥

.

Carmman |mplementation Files
B Fusion_Nu
+- & CLKGEN
+-[d] M1BasIC_soC
= Uzer Fileg

Block, Symbial Files
Schematic Filez
HOL Source Files

Stimuluz Files
= Simulation Files
= Report Files
ormpie.log c .
%}, CoreTimer_lab_scriptlet bfrm MOd'fIQd FIICS appear‘
under User Files in Libero

E—ﬁ, gubsystern_i.bfm
whd|_wawve.do
Conztraint Files
Synthesiz Files
Physical Senthesziz Files
+- Designer Files

El Hierarchy Files

FActel
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BFM Log Output

s BFM Outputs Log Messages to ModelSim Transcript

Window

fActe

FOWER MAT

ERE

Transcripk

J Help ’7 ﬁ J Contains I"— P

Actel CortexM1 Bus Funckional Maodel (BFM)

# Time: 0ps Iteration: 0 Instance: ftestbenchfsoc_top_0fumibasic_socicoreahbnyvm_0fcahbrvmlonl

# Time: 0ps Ikeration: 0 Instance: ftestbenchisoc_top_0fumibasic_socicoreahbnyvm_0fcahbrevmladl
# *F warning: There is an U "W'|'2'|"-" in an arithmetic operand, the resulk will be 'W{es),
#  Time: 0 ps Iteration: 0 Instance: ftestbenchisoc_top_0fumlbasic_socicoreuartapb_0
# * wtarning: There is an 'U'|%']"W"|'2"|"-" in an arithmetic operand, the result will be 'WY{es),
# Time: 0ps Iteration: 0 Instance: ftestbenchfsoc_top_0fumibasic_socf/coreuartapb_0
# *F warning: There is an U "W"|'2'|'-" in an arithretic operand, the result will be ¥{es),
# Time: 0ps Ikeration: 0 Instance: ftestbenchisoc_top_0fumibasic_soci/coreuartapb_0
# ¥ Wlarning: ARG RESET went unknown FEEE

# Time: 0ps Iteration: 2 Instance: ftestbenchfsoc_top_0fumibasic_socicoreahbnyvm_0fcahbrvmlonl
# F warning: FEERYRG RESET went unknown FEE

# Time: 0ps Iteration: 3 Instance: fkestbenchisoc_top_0fumibasic_socicoreahbnvim_0fcahbrrvmladl
- Execution of BFM Script Started -----—---

# M-cwcle: Write 0000022C to address 4000000

# M-cvcle: Read 0000022C from address 4000000

# M-cvcle: Read 0000022C From address C4000004

# M-cvcle: Wrike 0001 to address C400000C

# M-cvcle: Read 0001 From address C400000C

# M-cwcle: Write 0003 to address 4000008

# M-cvcle: Read 0003 From address C4000008

# Polling address C4000014 For bitmask 01

# Poll completed - read 01 from address C4000014

# M-cvcle; Read 022E from address C4000004

# M-cwcle: Write 1234 to address 4000010

# Polling address C4000014 For bitmask 01

# Poll completed - read 01 from address C4000014

# M-cvcle: Read 022C From address C4000004

# M-cycle; Wirite 1234 to address C4000010

# Polling address C4000014 For bitmask 01

# Poll completed - read 01 from address C4000014

# M-cvcle: Read 0226 From address C4000004

# M-cvcle: Write 1234 o address C4000010

E Successful Execution of BFM Script Complete ---------

# ** Failure: Breakpoint encountered - normal completion of BFM-driven simulation

# *F wiarning: BUSY SIGNAL DE-ASSERTION IN SIMULATION MAY MOT MATCH 'WITH SILICOM BEHAVIOR,

# ** warning: USER LOGIC SHOULD POLL FOR BUSY TO ENSURE BEHAWIOR COMSISTEMT WITH SILICCOHM,

#  Tiraa: ACTAQTRIE fe Trarskinee 1 Dracace (kackhanchicns Fam Nlesd haciec coefemrkasernt bem Ofearkaern i ban 00RFR cavalline

1420 Filar ™ot arkalreiliCarkase b1 aFS oo lakdSalki T

=1 Transcript I

s

Introduction to Cortex-M1 v1.8
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BFM Simulation Errors and Error Messages

s BFM Simulation Error Messages Reference
bfmCompile.log

# Transc ript

File Edit Wiew \indow

T ranzcrpt -

# Loading presynth. corewartapb_11 [coreuartapb_oil] ;J
" |

# Actel CoreMPY Bus Funchional Model [EFM]
ﬂ ey
zorpt compiler encountered 000
Tt Fleaze fix EFM script and re-run simulation

ot F_ailure: - zee bfmCompile log for detailz of BFM zonipt emaors

I~

Iteration: 0 Process: Atestbench/soc top =T dksocicorempRalru_a7sbim/bim_ 11l File: C:/4ctelpri/S oftCons | - Components
S0C/ coreconsale conmmaon At el afzB P vhd —|- Uzer Files
# Break in Process bfrm_T11 at C: AdctelpridSoftConsole_labAYHOLAFAEDT _MPSOC/ coreconsale o s S bt AtlAvbdl/afsBFM. v Elock Symbal Files
# Cirni il abicn Fraal roink Brasl in Procacs R HIE s 5 A cbalon A af 5 cmenla Tak ASHEL JEAENZ b7

nnnnnnnnn la frmrnrnean AT —
Schematic Files

4 HOL Source Files
+- Stimuluz Files
= Simulation Files

F Transcript

bfmCompile. log displays error messages

\ -1 Repo =

/ bfmCompile. log
! e

% subsyztern_i.bfm
+-- Cansgtraint Files

CoreMP7 Compiler v2.0
Error: CoreMP7 BFM Compile: ''subsystem i.bfm"

Line 47: Invalid command on bus cycle 4 KA
_ pzical Sunthesiz Files
CoreMP7 BFM Compile: 1 error(s) encountered +1-- Designer Files

Please Tix BFM script and re-run simulation

|E|Hin3rarc:h3r Files |
FActel
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Initial BFM Simulation

m By Default Only nsysreset and sysclk Appear in the
Wave Window

T wave - default g@@
File Edit ‘“ew Add Faormat Tools  Window

IDsE& i RB D2 A% || SHaE |y g

B3 % || QAQAREK | (w

Clock and Reset ONLY

2led IR
| Mow: 2 ms Delta; 4

0 ps to 4455556 p=

- [ [

fActe
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Viewing All Cortex-M1 Signals
~Qption 1 — Change Top:levellnstance

Project Settings |

fActe

FOWER MATTERE

Devicel Flow Simulation |

E}ﬁ ModelSim options

- Nsim command

E}@ Librarias
i ProASIC3

Name Value
Use automatic DO
File ~
User defined DO
File =d
Simulation runtime 10 ms
Testbench - i
ule name e
Top level instance /
name in the topcore_0
testbench
mand
parameters
Generate VCD file O
VCD file name power.vcd

Default |

X

| Help

Introduction to Cortex-M1 v1.8

__— Use DUT

Instance
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Viewing All Cortex-M1 Signals

lon 2 — Incl Wave Fil

Project Settings

fActe

FOWER MATTERE

Devicel Flow Simulation |

E}ﬁ ModelSim options
------- DO File

‘o \fsim command

El@ Libraries
L ProASIC3

|

/Name Value TN
Include DO File M~
Included DO File fwave2do  =d
i P

waveforms for

m

Log all signals in

X

\Add Custom
.do File

the design L
Default |
oK I Cancel | Help |

Introduction to Cortex-M1 v1.8
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BFM Simulation

m

wave - default = EI|_><_
Fle Edit View Inset Format Tools Window
[LzEa & b8

@ testhench/tst_bim_mod_O¢halk

D

A N
ALV I IS 1V [/ N N 1 N

T (T (T ]
o+ 00+ Ho0 1

4 2
1

im0 Gl ik i g
#/start] | (F @ (O] 7| O]4 Mir... »| Sy beroL.. | 32 Win... »| & Corecon...| 3] Microsof... | g Fulshot .. | %] Microsof... | & Enterprs...| #1a3p_E ... [BB2 vish ~ [« W% O](§1%a 2:06 M
Actel

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 194




BFM Summary

m Allows User to Test Integration of Subsystem

e Tests that All Peripherals Can Be Accessed
e Tests Address Decoding and Bus Connections

m Includes ARM Cortex-M1 Processor Core
e AMBA Interface
e Memory (TCM) Interface

m Includes Timing Shell

e Facilitates Back-annotation of Delay Information during Post-
synthesis Simulation

fActe
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Cortex-M1 Ecosystem Support

m Actel Tools

e Libero Integrated Design Environment 'Aclllel

e SoftConsole Program Development Environment

s Compilers and Debuggers RealView*
e ARM RealView Developer Suite Tomis by REY
= C Compiler, Debugger, Instruction Set Simulator <«
e Keil —Compiler, Debugger -
e |IAR — Compiler, Debugger DZ KEIL };n{ﬁiy
e CodeSourcery - GNU/GDB An ARI Compary
&
. RTOS (% CODESOURCERY
e PUC/OS-II - Micrium = m_u m um _
Cortex @AR
SYSTEMS

Intelligent Processors by ARM'

fActe
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Actel Processor Design Flow

Hardware and Software Requirements

SR RENAILE S _ SOFTWARE DEVELOPMENT FLOW
DEVELOPMENT FLOW @
ﬁ -
* Eclipe-Rad IOE OR B compilers—RealView?Keil™ IAR, GNU
= GHL C-Compiler i RTOS—pc/05, pllinux, Nudleus

¢ GhU Debugger

* Memory Map and Penpheral
Core Driver File iImport

APIs, Drivers—Jungo! GAD Research
Debuggers—FRealView, GDE, 18R

Select Processor

Choose Paripherals

Add Optional User Custom (P
= At Stitch to Build System

Combine System with
Mon-Processor Code

Build Processor Harduare 7
]

software Program
and Debug

Synithesis, Simulation, and Layout F*rogr:lrlr;ming
Optional Timing ¢ Power Analysis

Sy :
o
Froe up 1o 1.5 Million System Gates .

.:!ﬁ .r..' e 1r.: B
il

FlashPro3 Programmer
—eeeeeeeeee——

Supports Cortex-M1 on

A ron IGLOO, ProASIC3 or Fusion
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Libero® Integrated Design Environment (IDE)

Hardware Design

HOL Templates
and Edilor

Actel Project Acte! Progect

P Blicx realion Schematic Editor

m Design Creation

e SmartDesign EsIGN ' Y
e Free Processor IP ptimization

User Testbench

Testbench Geaneration
. Whissis Graphical Genetal?r
e Add FREE Peripherals st oo ¢ R s

e Add non-Processor IP in-Silicon

Verification Setup

Debug Instrumentation
Identify” AE C Simulation

I and Timing
Pre-Post-Synthesis

m Design Implementation o

MtTime & ModelSim® AE
o Synplify Synthesis -
Place-and-Route

e Modelsim Simulation -
e Designer FPGA Layout —

s 4 Bitstream Generation
il ¢ PROCESSOR CODE

DEVELOPMENT
Global Planner AND DEBUG

m Design Analysis —
e Timing Analysis
e Power Analysis

FFPGA DEBUG

Silicon Explorer
{antifuse products)

Identify" AE
(flash preducts)

FActel
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Software Development

Eclipse-Based IDE
GNU C-Compiler
GNU Debugger

Memory Map and Peripheral
Core Driver File Import

FActel

POWER MATTERS Introduction to Cortex-M1 v1.8

Compilers—RealView, Keil|" IAR, GNU
RTOS—uC/0S, pClinux, Nucleus
APIs, Drivers—Jungo? GAQ Research
Debuggers—RealView, GDB, IAR
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SoftConsole v2.2
Pr r SW Developmen

m FREE Software development environment
e Eclipse-based IDE - easy user interface
e Supports Cortex-M1, CoreMP7, Core8051/s |
e Can be downloaded from www.actel.com m

s C/C++ programming and debug I i e
e CodeSourcery G++ ARM tools
o SDCC 8051 compiler o R

e Programming and debug with
Actel’s FlashPro3

m Can import existing code
e Open platform for application development

m Support for RTOS and stacks SEEI .
e UC/OS-II
e TCP/IP, USB, IPMI

SoftConsole
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SoftConsole Features

m Tools
e C/C++ Programming
e Debugging
e Disassembly
e Signals
e Evaluation of Expressions at Runtime

= Intelligent Software Analysis

e Citing Points of Declaration and Definition
Source Code Outlining

Syntax Highlighting and Comment Toggling
Code History for Tracking Changes

Code Assist Mode
= Source Code Completion to Avoid Syntax Errors

= Code Templates to Auto-insert Standard Code
= Examples — switch Statement and try/catch Block

fActe
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SoftConsole Eclipse IDE

m Provides Open Platform for Application Development Tools
e Implemented in Java for Easy OS Migration

m Tight Integration of Tools
e CodeSourcery Sourcery G++ ARM Tools
e FS2 FlashPro3 In-Target System Analyzer

m Simple User Interface

e Supports All Levels of Development
= Coding, Debugging, Disassembly, Edit & Recompile
e Builds Applications with Minimal User Effort

m Existing Code Can Be Imported and Built in New
SoftConsole Project

fActe
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SoftConsole GNU C/C++ Compiler

m Extensive Intelligent ARM Optimization
e Built from CodeSourcery G++ GNU/GDB

m Includes Many Features Useful for Embedded Systems
e Powerful inline assembly syntax

e Comprehensive linker script language permitting exact placement of
code and data

m Large Developer Base Results in Tool Stability
m |[SO C and C++ Language Support
e Complete runtime libraries

e Aggressive code usage analysis and syntax warnings
e Supports ARM EABI for better portability

fActe
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SoftConsole GDB Debugger

m Support for Source- and Assembly-level Debugging
= Live Debugging of New Code

e In an FPGA or in the GDB ARM simulator
m Breakpoints Can Occur When Conditions Are Met
= Intelligent Access to Hardware

e Register banks and memory ranges

e Hover over a variable to read its current value
e Current stack frame displayed while debugging

= Evaluation of Expressions at Runtime

fActe
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On-Chip Debugging via FlashPro3

= Download and Debug Executable Programs to Cortex-M1
Development Kits using FlashPro3

e No RealView ICE — Micro Edition (RVI-ME) required

e Reduces Pin Count

= Utilizes Dedicated FPGA JTAG Pins via UJTAG versus GPIO RVI-ME
Configuration (10 Pins)

m Full Debugging of Code on Remote Target

e View Internal Registers, Memory Locations, Variables, etc.

m Uses Same Interface as Instruction Set Simulator
e Only One Tool to Learn

_—

5100

FlashPro3 Programmer

fActe
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SoftConsole Requirements

m Licensing
e SoftConsole Is Open Source
e Free download from Actel’'s web site
e Individual Licenses for SoftConsole Elements Are Presented in
Installation Agreement
m Supported Platforms
e Microsoft Windows — US Version
= Windows 2000 with SP4
= Windows XP SP2 (Professional Version Only)
s System Requirements
1.0 GHz Pentium-class Processor
400MB Available Disk Space
128 MB System RAM
1024x768 Video Resolution

FActel
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Micrium puC/OS-I|

m Cortex-M1 port can be downloaded for FREE
e Open source model os_| | ™
e To use for evaluation and development The Real-Time Kernel
e License ($4K) required to use in an application that is sold
e License is Royalty-Free
m #2 Commercial RTOS
e Used in 1000s of products all over the world
e Real-time kernel
e Scalable and ROMable
e 5K to 20K bytes code, 1K to 3K bytes data (Cortex-M1)
e Provides standard services
= Semaphores, message mailbox, queues, task & time management
m Available Micrium Stacks
e UC/TCP-IP (Ethernet)

e UC-FS (File System for embedded applcations)
e UC/GUI (efficient GUI for any application with an LCD) -UC/TCP-IP™
e uC/USB (USB device or host controller) —_—
e UC/CAN (CAN protocol framework) -
e UC/FL (Flash loader for embedded update via PC) cHC/USB™
rHC/CAN™
rh FL™
/Acte
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RealView MDK (Keil)

= Now with full Support for Actel’'s Cortex-M1

e Version 3.23a or later
= Free eval download available
= Full version costs $4K

e Features
= uVision IDE, debugger and simulation environment
= RealView industry-leading C/C++ compiler from ARM
= MicroLib highly optimized run-time library
= Real-Time Trace for Cortex-M3 processor based devices
= Keil RTX — deterministic Real-Time Operating System
e Kell has written an app note RealViewMicrocontroller

on using the MDK with Actel’s °°'°‘ "
M1A3P SOC board ealView CIC+ Compller

- Includes several examples ekl
e Requires Keil's uLink probe
for download and debug

= Plugs into 20-pin header on
Actel’ Actel boards

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009
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ARM Cortex-M1 Development Kits

ARM Cortex-M1 IGLOO Development Kit Production M1AGL1000-DEV-KIT M1AGL1000V2-FGG484  $340
ARM Cortex-M1 ProASIC3L Development Kit* First Article M1A3PL-DEV-KIT M1A3P1000L-FGG484 $370
Fusion Embedded Development Kit Production M1AFS-EMBEDDED-KIT M1AFS1500-FGG484 $199
Fusion Advanced Development Kit * First Article M1AFS-ADV-DEV-KIT M1AFS1500-FGG484 $650

*First Customer Ship on track for April 09

P e———————
UL /

b e

M1AGL and M1A?’PL Fusion Embedded Development Kit Fusion Advanced Development Kit
Development Kit

[ ]
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Fusion Embedded Development Kit

m Develop designs using
e Fusion Mixed-Signal FPGA
= M1AFS1500-FGG484
e Cortex-M1 embedded processor
e 8051s embedded processor
e Ethernet applications

m The development kit includes

e Low Cost Programming Stick
Libero IDE
Free Libero IDE Gold license
SoftConsole for Compile/Debug
On Chip Program and Debug
User’s guide and tutorial
Example designs
PCB schematics and layout files

m Ordering code
e M1AFS-EMBEDDED-KIT @ $199

FActel
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Fusion Embedded Development Board Features

RoHS compliant I
10/100 Ethernet interface b e
USB-to-UART interface |
12C interface

Built-in temperature monitor
Voltage potentiometer
RealView debug header
OLED 96x16 pixel display
4,000,000 SRAM

fActe
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Where Can | Learn More?

m ARM Website

e Cortex-M1 Technical Reference Manual
= http://infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.ddi0413c/

o ARMvV6-M Architecture Reference Manual
= http://infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.ddi0413c/

e ARM and Thumb-2 Instruction set Quick Reference Card

= http://infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.ddi0413c/

m Actel Cortex-M1 User’s Guide

e Generate from SmartDesign

ARMvE-M Architecture Cortex-M1
Reference Manual Revision: (op1

Technical Reference Manual

acter
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Cortex-M1 Summary

m Cortex-M1 Allows Designers to Benefit from
Hassle-free, Industry-standard ARM Architecture

e Optimized for Use in M1 Devices (ProASIC3/E, IGLOO/e & Fusion)
m Actel FPGA Tools Offer Seamless Development Flow
e Libero, SmartDesign, Dev Kit Hardware Development Tools

e SoftConsole with GNU Software Development Tools
e RealView and Third-party Ecosystem Support

m Brings Flexibility and Fast Time to Market to System-level
Designs

fActe
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Cortex-M1 Subsystem

Coreh 1 Top_0
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Cortex-M1 Subsystem
Memory Map

CortexM1Top_0 Subsystem

Master(s) on this bus:
o Cortext1Top 0

CoreAhbNvm 0 : NV

CoreMemCtrl 0 : RAM

CoreMemCurl 0: FLASH

CoreGPIO 0 : Registerlap

CoreUARTaph 0 :

CoreTimer 0 : ReqisterMap

CoreRemap 0 : ReqgisterMap

FActel
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NoRemap
(00000000
(10000000
0x20000000
(e 2000000
(c 3000000
(4000000

(cfO00000

subsystem list, top of page

Base Address
SwapSlotsOandi
Oe 10000000

OxD0000000
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CoreTimer
Reqister Memory Map

CoreTimer_0 : RegisterMap Memory Map

range: 0x01000000

Address Type Width ResetValue Name Description
base address + 0x00  read-write 32 Ox00000000 Timerload
base address + Ox04d read-only 32 OxFFFFFFFF Timer/alue
base address + Ux08  read-write 32 (w00 TimerControl
base address + Ox0C  wirite-only 32 Ox0  TimerPrescale
base address + 010 wirite-only 32 O TimerIntClr
base address + Ox14 read-only 3z 00 TimerRIS
base address + 0x18 read-only 32 Ox0 TimertdlS

back to Cortexh1Top O Mermory Map

FActel
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subsystem.bfm

Explanation

# Memory Map
# Define name and base address of each resource.

# ___________________________________________________________
memmap CoreMemCtrl_00 0x00000000;
memmap CoreMemCtrl 00 0x10000000; System memory map —
memmap CoreGPI0O_00 0xc2000000; > Syntax:
memmap CoreTimer_00 0xc4000000; resource name base address
memmap CoreRemap 00 OxcfO00000; 5 - B
# ___________________________________________________________
# Include resource scriptlets
H e
~ e : :
#include CoreMemCtrl CoreMemCtrl 00: Specifies WhICh. scriptlet to run and base
#include CoreMemCtrl CoreMemCtrl _00; address for peripheral (see above for
#include CoreGP10 CoreGPIO_00; ~ address)
include CoreTimer_lab CoreTimer_00; Here only CoreTimer_lab_scriptlet.bfm will
#include CoreRemaRCoreRemap_OO; _ be executed; all others are commented out

Note that “ scriptlet.bfm” is not required

Execute CoreTimer_lab_scriptlet.bfm with base address 0xc4000000 for CoreTimer

FActel
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CoreTimer lab scriptlet.bfm
Explanation

write W VAR_resource 0x00 0x00000100; #write 0x00000100 to TimerLoad register
#load a starting count in the timer
readcheck W VAR_resource 0x00 0x00000100; #read TimerLoad register; expect 0x00000100
readcheck W VAR_resource 0x04 0x00000100; #read TimerValue register; expect 0x00000100
write h VAR_resource 0xOC 0x0001; #write 0x0001 to TimerPrescale register
#set counter clock rate (PCLK + 4)
readcheck h VAR_resource 0x0C 0x0001; #read TimerPrescale register; expect 0x0001
write h VAR_resource 0x08 0x0003; #write 0x0003 to TimerControl register
readcheck h VAR _resource 0x08 0x0003; #read TimerControl register; expect 0x0003
poll b VAR resource 0x014 0x01; #read TimerRIS register; wait until bit 0 = 1
read h VAR _resource 0x04; #read TimerValue register
write h VAR_resource 0x10 0x1234; #write TimerIntClr register to clear
interrupt
#any write value clears the interrupt
poll b VAR resource 0x014 0x01; #read TimerRIS register; wait until bit 0 = 1
read h VAR _resource 0x04; #read TimerValue register
write h VAR_resource 0x10 0x1234; #write TimerIntClr register to clear
interrupt
poll b VAR _resource 0x014 0Ox01; #poll TimerRIS register; wait until bit 0 = 1
read h VAR _resource 0x04; #read TimerValue register
write h VAR_resource 0x10 0x1234; #write TimerIntClr register to clear
interrupt
Syntax:
write width  resource_name byte offset data;
read width  resource_name byte offset;

readcheck width resource name byte offset data;

FActel
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BFM Simulation

M ISim Transcript Window

L Transcript
Fil=  Edit ‘Wiew Window

Transcripk _— =

B

B - Execution of BFM Script Started —--——-—— :l
# M-cycle: Write 00000100 ko address 4000000

# M-cvcle: Read 00000100 From address 4000000
# M-cycle: Read 00000100 from address C4000004
# M-cycle; Write 0001 to address C400000C

# M-cvcle: Read 0001 from address C400000C

# M-cycle: WWrite 0003 bo address C4000003

# M-cycle: Read 0003 from address 4000003

# Palling address C4000014 Far bitrmask 01

# Poll completed - read 01 from address C400001 4
# M-cvcle: Read O0FF from address 4000004

# M-cycle: Write 1234 bo address C4000010

# Polling address C4000014 For bitmask 01

# Paoll completed - read 01 From address 4000014
# M-cycle: Read 0100 from address C4000004

# M-cycle: Write 1234 to address 4000010

# Palling address C4000014 Far bitrmask 01

# Poll completed - read 01 from address C400001 4
# M-cvcle: Read O0FF from address 4000004

# M-cycle: Write 1234 bo address C4000010

# - Successful Execution of BFM Script Complete ---------

# *% Exil war Braskraink arcaninkarad - reerasl carmnlakicn AF BEM_Aviuan cirel skian

Fl Transcripk I

Bl

FActel
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BFM Simulation
V] ISiIm Wave Window

[T wave - default El@.
File Edit “iew Add Format Tools  Window

[EETEIRET T =
J‘l#% ER wnps:lﬂlﬂk j}@JJ

| & &l & 5| || s

|IB31% aaas

-

| 1208800 ps to 2413600 ps

ia
| Mow: 213,719,225 ps  Delta: 1

| | | | E
Jd ] (<1 ] H
e

AHB write cycle — write 0x00000100 to CoreTimer TimerLoad register (0xc400000)
. Initiated by readcheck W VAR _resource 0x00 0x00000100; in CoreTimer_lab_scriptlet.bfm
Actel
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BFM Simulation
V] ISiIm Wave Window

m wave - default

FEX
File Edit “iew Add Format Tools  Window

D@8 s RBD2 AFS | SLQH | Lo et &5 a[y:
| # 4w (EF[ To0 s S ELEREL [ B T 0

i s

1 ERE IS &

Address

o LML LALLM LU ML AL phas oo T LA
b phase

g | . L . Vo | . g S i O v O ey [ oy 0SS i

00/irg: 00000000 Q0000000
rtexml_00fnmi

| , ~

F 213719.225 ns | [ i
T s KT =

| 1206800 ps ko 2413600 ps | Mow: 213,719,225 ps  Delta: 1 P

APB write cycle (yellow) — write 0x00000100 to CoreTimer TimerLoad register

Note that paddr = 0x000 — CoreAHB2APB strips off the upper 8 address bits and drives the appropriate PSEL
Actel
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BFM Simulation
V] ISiIm Wave Window

m wave - default

B9=e
File Edit “iew Add Format Tools  Window
[DZH&8 s 2RO (AES | SHAM | L LNt 4 | eaeq
J{dw%élé‘r 100 po 5| ELERER | &) T 2 oy

L U U U L L L L T L L L

JEpuEpEpEpEpapupipuEyly -

0 ) g A L O O

joon | [ [

| 1208800 ps to 2413600 ps

ia
| Mow: 213,719,225 ps  Delta: 1

| | | | 2
7 o 51 |
P

AHB read cycle — read CoreTimer TimerLoad register
. Initiated by write W VAR _resource 0x00 0x00000100; in CoreTimer_lab_scriptlet.bfm
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BFM Simulation
V] ISiIm Wave Window

m wave - default

=13
File Edit “iew Add Format Tools  Window
D E8 4202 AES | & & et £ 5 aceq
Ji*%g“rliwnps:l@ll'u BT 5 o

UL TET [LILLLIH MLy

= - | - |_|
[ iy ey pemiome .

C4000fo00 ]

ia
| 1206800 ps ko 2413600 ps | Mow: 213,719,225 ps  Delta: 1

F 213719225 ns RS et 0 ot i
7 o 51 |
P

APB read cycle (yellow) — write 0x00000100 to CoreTimer TimerLoad register
. Note that paddr = 0; prdata = 0x00000100
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BFM Simulation
V] ISiIm Wave Window

File Edit “iew Add Format Tools  Window

m wave - default Elﬁ

IS E&8 s B@00 AT
| 4 €% B[ 00 SHELEE I B T 2y

| & & et £ 5
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| { { :I

E 213719.225 0 | [ Skt __
d 1 (<1 ] |

E

-

ia
| 1206800 ps ko 2413600 ps | Mow: 213,719,225 ps  Delta: 1

AHB idle cycle
Actel

FOWER MATTERE Introduction to Cortex-M1 v1.8 Actel Corporation © 2009 227



BFM Simulation
V] ISiIm Wave Window

m wave - default

FEX
File Edit “iew Add Format Tools  Window

D@8 s 2@ AF% | | SR || L Lol vt £ 4| afg ) % aaey
Ji*%g“rliwnps:l@llj& BT 5 o

LML L L o L L L L L L LML UL

-

E 213719.225nc | [
o (0]

+iN
| 1206800 ps ko 2413600 ps | Mow: 213,719,225 ps  Delta: 1 i

AHB read cycle — read CoreTimer TimerValue register
. Initiated by write W VAR _resource 0x04 0x00000100; in CoreTimer_lab_scriptlet.bfm
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BFM Simulation
V] ISiIm Wave Window

m wave - default

=13
File Edit “iew Add Format Tools  Window
D E8 4202 AES | & & et £ 5 aceq
Ji*%g“rliwnps:l@ll'u BT 5 o

UL TET [LILLLIH MLy

= - | - |_|
[ iy ey pemiome .

C4000fo00 ]

ia
| 1206800 ps ko 2413600 ps | Mow: 213,719,225 ps  Delta: 1

F 213719225 ns RS et 0 ot i
7 o 51 |
P

APB read cycle (yellow) — write 0x00000100 to CoreTimer TimerLoad register
. Note that paddr = 4; prdata = 0x00000100
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