Computational hardware

Digital logic (CSE370)
gates and flip-flops: glue logic, simple FSMs, registers

Programmable logic devices (CSE370, CSE467)

two-level PLDs: FSMs, muxes, decoders
field-programmable gate arrays: FSMs, basic data-paths

Microprocessors (CSE378)

general-purpose computer
instructions can implement complex control structures
supports computations/manipulations of data in memory
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Microprocessors

Arbitrary computations
arbitrary control structures
arbitrary data structures
specify function at high-level and exploit compilers and debuggers

To save hardware
if function requires too much logic when implemented with gates/FFs
operations are too complex, better broken down as instructions
lots of data manipulation (memory)
if function does not require higher performance of customized logic

ever-increasing performance of processors puts more and more
applications
in this category

minimize the amount of external logic
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Microprocessor basics

Composed of three parts
data-path: data manipulation and storage

control: determines sequence of actions executed in data-path
and interactions to be had with environment

interface: signals seen by the environment of the processor

Instruction execution engine: fetch/execute cycle

flow of control determined by modifications to program counter
instruction classes:

data: move, arithmetic and logical operations
control: branch, loop, subroutine call
interface: load, store from external memory
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Microprocessor basics (cont'd)

Can implement arbitrary state machine with auxiliary
data-path
control instructions implement state diagram
registers and ALUs act as data storage and manipulation
interaction with the environment through memory interface
how are individual signal wires sensed and controlled?
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Microprocessor organization

Controller
inputs: from ALU (conditions), instruction read from memory
outputs: select inputs for registers, ALU operations, read/write to

memory
control

source bus =
register arithmetic| [m| |m)|
logic al|d

inati file

Da-ra_pa-rh destination bus unit el

source bus —

register file to hold data

arithmetic logic unit to manipulate data

program counter (to implement relative jumps and increments)
Interface

data to/from memory (address and data registers in data path)

read/write sighals to memory (from control)
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General-purpose processor

Programmed by user

New applications are developed routinely

General-purpose
must handle a wide ranging variety of applications

Interacts with environment through memory
all devices communicate through memory data
DMA operations between disk and I/O devices
dual-ported memory (e.g., display screen)
oblivious to passage of time (takes all the time it needs)

CSE 477 - Autumn 1999 - Microcontrollers - 6




Embedded processor

Programmed once by manufacturer of system

Executes a single program (or a limited suite) with
few parameters
Task-specific
can be optimized for specific application
Interacts with environment in many ways
direct sensing and control of signal wires

communication protocols to environment and other devices
real-time interactions and constraints
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Why embedded processors?

High overhead in building a general-purpose system
storing/loading programs
operating system manages running of programs and access to data
shared system resources (e.g., system bus, large memory)
many parts
communication through shared memory/bus
each I/0 device requires its own hardware

Optimization opportunities
as much hardware as necessary for application
cheaper, portable, lower-power systems
as much software as necessary for application
no complete OS requirement
can integrate processor, memory, and I/O devices onto a single-chip
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Typical general-purpose architecture

Displﬁy
CPU Memory du(:ll-l:;ort
video RAM)
I Isystem bus I
4 A A A >
v v v
( I/I? Network
serial line, : etwor
keyboard,' Disk Interface
mouse)

s s

all the parts around the

standard interfaces processor are usually required
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Typical task-specific architecture

medium-speed low-speed
interactions interactions
" Microcontroller [ *
I1/0
Device | | ROM RAM |l Cystom |,
Driver 9 high-speed
interactions

any of the parts around the

standard interface microcontroller are optional
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How does this change things?

Sense and control of environment
processor must be able to "read” and "write" individual signal wires
controls I/0 devices directly

Measurement of time
many applications require precise spacing of events
reaction times to external stimuli may be constrained

Communication
protocols must be implemented by processor
integrate I/0 device or emulate in software
capability of using external device if necessary
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Interactions with the environment

Basic processor only has address and
data busses to memory

Inputs are read from memory
Outputs are written to memory

Thus, for a processor to sense/control signal wires in
the environment they must be made to appear as
memory bits

how do we make wires look like memory?
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Sensing external signals

Map external wire to a bit in the address space
of the processor

External register or latch buffers values coming

from environment
map register into address space
decoder needed to select register for reading
output enable (OE) so that many registers can use the same data bus

RD O ecoder from a.ddress bus
L WR read signal

prlgj:(;rs.;-or 4% to data bus<+— OUT
ADDR IN «——from environment
DATA
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Controlling external signals

Map external wire to a bit in the address space
of the processor

Connect output of memory-mapped register

to environment
map register into address space
decoder need to select register for writing (holds value indefinitely)
input enable (EN) so that many registers can use the same data bus

RD
WR from address bus —»|

Micro- « WAIT write signal —»
processor OUT — to environment

ADDR |

decod EN

«DATA | from data bus —»|IN
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Time and instruction execution

Keep track of detailed timing of each instruction’s
execution

highly dependent on code

hard to use compilers

not enough control over code generation

interactions with caches/instruction-buffers

Loops to implement delays
keep track of time in counters
keeps processor busy counting and not doing other useful things

Real-time clock
take differences at different points in the program
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Time measurement via parallel timers

Separate and parallel counting unit(s)
co-processor to microprocessor
does not require microprocessor intervention
in simple case, like a real-time clock
set timer, interrupt generated when expired

More interesting timer units
self reloading timers for regular interrupts
pre-scaling for measuring larger times
started by external events
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Input/output events

Input capture
record time when input event occured
to be used in later handling of event

Output compare
set output to happen at a point in the future

reactive outputs - set output to happen a pre-defined
time after some input

processor can go on to do other things in the meantime
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System bus based communication

Extend address/data bus to outside

Use specialized devices to implement communication
protocol

Map devices and their registers to memory locations

Read/write data to receive/send in buffers in device
or shared memory

Poll register in device for status

Wait for interrupt from device on interesting events
send completed
receive occured
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Support for communication protocols

Built-in device drivers
for common communication protocols
serial-line protocols most common as they require few pins

Serial-line controller
special register in memory space for interaction
may use timer unit(s) to generate timing events
for spacing of bits on signal wire
for sampling rate

Increase level of integration
no external devices
may further eliminate need for shared memory or system bus
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Microcontrollers

Embedded processor with much more integrated on
same chip
processor core + Co-processors + memory
ROM for program memory, RAM for data memory, special registers
parallel I/0 ports to sense and control wires
timer units o measure time in various ways
communication subsystems to permit direct link
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Microcontrollers (cont'd)

Other features not usually found in
general-purpose CPUs
expanded interrupt handling capabilities
multiple interrupts with priority and selective enable/disable
automatic saving of context before handling interrupt
interrupt vectoring to quickly jump to handlers
more instructions for bit manipulations
support operations on bits (signhal wires) rather than just words

Integrated memory and support functions for cheaper
system cost

built-in EPROM, Flash, and/or RAM

DRAM controller to handle refresh

page-mode support for faster block transfers
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Microcontroller we will be using

Intel StrongARM (SA1100)
32-bit microcontroller - ARM RISC-processor core (SA-1)
instruction (16KB) and data (8KB) caches
real-time clock (32.768 MHz)
general-purpose I/0 (with interrupt support)
serial communication interfaces
can emulate v.34 modem in software
supports 4MB/sec IrDA
USB slave
display interface (1024x1024)
external memory controller
extensive low-power modes
rich software support (OSes, app. libraries)
designed for portable applications
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SA-1100 Architecture
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SA-1100 Memory Map
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SA-1100 Vector Map
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SA-1100 Instruction Timings
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SA-1100 Clocks
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SA-1100 General-Purpose I/0O Pins (28)
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SA-1100 GPIO Pin-Level Register (GPLR)
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SA-1100 GPIO Pin Direction Register (6PDR)
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SA-1100 GPIO Output Set/Clear Registers
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SA-1100 GPIO Alternate Functions
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SA-1100 GPIO Register Locations

Address Hame Description
Oh S004 0000 GPLA GRI0 pin-kvol register
Oh 9004 D004 GPOA G pin direction registor
Oh 004 D008 GPER GRID pin oulpul set regishor
h 004 DOOC GPCR GFID pin oulpul caar regishor
h S004 00D GRER GRID rising-ocge dmlect regisier
Oh S004 0014 GFEA GID falling-dge cetuct rogiser
h 5004 DO18 GEDOA GFID saign dotec] skalus Fagiser
Oh 004 BT GAFA GRID alismats funcion mgesior
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SA-1100 Interrupt Logic
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SA-1100 Sleep Modes
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SA-1100 Peripheral Control Module
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SA-1100 Peripheral Pins
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Development board we will be using

Multimedia development board for StrongARM (MDB)
SA-1100 reference design
monitor program to load and debug program (Angel)
128KB monitor (Angel) flash memory, 4MB application flash memory

16MB of DRAM

16-button keypad, 8 LEDs, 2 7-segment digit displays, touch screen
IrDA, RS-232, audio I/0, video I/0, phone (POTS) interface]

DSP co-processor for audio/video applications

CPLD to map all the I/0O device on-board (re-programmable)

XBus interface - to connect other I/0 devices on other boards
daughter card interface (see SA-1101 companion board)
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StrongARM MDB Connections
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MDB and PCI Backplane
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Companion board to MDB

Daughter board for StrongARM (MDB)

SA-1101 reference design
connected to same memory bus as SA-1100 board

VGA output (1024x768 with 8bits/color)
USB host controller

Glue logic for two PCMCIA slots

Two PS/2 ports (keyboard and mouse)
16x8 matrix keyboard interface
TEEE1284 parallel port
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SA-1101 Companion Board Connections
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Why this choice? (donated by Intel Corporation)

StrongARM

basic 32-bit microcontroller with straightforward instruction set
full-featured (many I/O devices included on same chip)

good real-time capabilities

becoming very common (lots of resources available on web)

good development environment available (ARM SDT)

Multimedia Development Board
fully integrated system (only need to add project-specific hardware)
debugging support (Angel monitor in ROM), serial communication to PC

supports a wide range of interfaces (audio, video, ...) through main
board and daughter card

MDB targets task-specific applications/devices
companion board allows connections to PC world
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Programming the SA1100

Subject of laboratory assignment #1
program some LEDs to flash on the MDB
do it three different ways

Development environment
ARM's Software Development Toolkit (SDT)

C programming
5a1100.h - important register definitions
5al1100.c - library of useful functions
sal100asm.s - special function in assembly language
main.c - main program
labl.apj - project file for SDT
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A sample program (main.c)

#include <stdio.h> | #define DLEDR 0x18800006

#include <stdlib.h> /
#include "sa1100.h"
void outport(DWORD *IPortAddress, DWORD [Value)

*|PortAddress = [Value;
}

int main( void ) {
inti;
outport((DWORD *) DLEDR, 0x0);

for(i=0;i<1000000; i++); to console
printf( "Hello World!" ); _— (over serial
outport((DWORD *) DLEDR, OxF); port to PC)
return O;

}
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Busy wait function (sa1100.c)

void Wait( unsigned uSec ) {
/I waits the specified number of microseconds

volatile unsigned *ITimerOSCRAddress= (unsigned *)OSCR,;
unsigned IValue, Time;

Time = *ITimerOSCRAddress;
IValue = Time + (uSec * TIMERTICK);
if (IValue < Time) {

while (Time < *ITimerOSCRAddress);

}
while (*ITimerOSCRAddress <= [Value);

#define OSCR  0x90000010 /* OS Timer Counter Registers */
#define TIMERTICK 4  /* 1 microsecond is 3.7 clock ticks */
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Timer interrupt functions (sa1100.c)

void TimerSetup( unsigned timerSel, unsigned cnt ) {
struct os_timer_regs *OSTimerRegs = (struct os_timer_regs*)OSMR_0;

DisableTimerIRQ( IRQ_OSTIMERO+timerSel );

OSTimerRegs->oscr = 0; /l'initialize timer counter register
OSTimerRegs->osmr[timerSel] = cnt; /I set timer max count
OSTimerRegs->oier |= 1 << timerSel; /I unmask timer irq
OSTimerRegs->ossr = 1 << timerSel; /I reset interrupt source

EnableTimerlRQ( IRQ_OSTIMERO+timerSel );
}

void initTimer( unsigned timerSel, unsigned us ) {
TimerSetup( timerSel, 0x24*us );
}

void EnableTimerlRQ( unsigned timerSel ) {
SetlrgLevel( timerSel, FALSE );
Enablelrq( timerSel );

}

void DisableTimerlRQ( unsigned timerSel ) {
DisablelRQ( timerSel );
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Interrupt setup functions (sa1100.c)

void Enablelrg( unsigned uMask ) {
struct scm_ic_regs * icreg = (struct scm_ic_regs *)IC_BASE;

icreg->icmr |= uMask;
void DisablelRQ( unsigned uMask ) {
struct scm_ic_regs * icreg = (struct scm_ic_regs *)IC_BASE;

icreg->icmr &= ~uMask;

}

void DisableAllints() {
struct scm_ic_regs * icreg = (struct scm_ic_regs *)IC_BASE;

icreg->icmr = 0; struct scm_ic_regs {

} int icip; IR
inticmr; /I RW
inticlr; /I RW
int reserved0; // --
inticfp; IR

" int reservedl; // --
#define IC_BASE  0x90050000 /* SCM IC Base  */ int reserved2; /-
int reserved3; // --
inticpr; IR
h
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Installing and interrupt handler (sa1100.c)

unsigned Install_Handler( unsigned routine, unsigned *vector ) {
unsigned vec, oldvec;

vec = ( (routine - (unsigned)vector - 0x8) >> 2 );

if (vec & 0xff000000) {
return 0;

}

vec = 0xea000000 | vec;
oldvec = *vector;
*vector = vec;
CleanAllCaches();

return oldvec;
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Including assembly code (SA1100asm.s)

CleanAllCaches
STMFD r13!,{r0-r1,Ir} ; Store registers
mov r0,#&e0000000
add r1,r0,#8192
loop2
Idr r2,[r0],#32
teq rl,r0
bne loop2
MCR MMUCP,0,r0, MMUFlushTLBReg,c7,CP15_FLUSH_ALL ; Flush the TLB
NOP
NOP

MCR MMUCP,0,r0,MMUFlushIDCReg,c7,CP15_FLUSH_ALL ; Flush Data
NOP

NOP

NOP

LDMFD r13!{r0-r1,Ir} ; Restore original registers

mov pc,Ir
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ARM Project Manager After Successful Build
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Debugger In Progress

(breakpoint at red line, current exec. point at green)
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ARM Debugger loading program to board

(with assembly shown in Execution Window)
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ARM Project Manager during build with errors

(error is variable declaration in for loop - last line of code window)
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6round rules for the lab (SIG 327)

State-of-the-art facility we work hard to maintain
Christopher Morgan is the manager of the lab

listen to him carefully
trust him to tell you the right thing

TAs will hold their office hours there

Make sure everything is always left the way you found it
hardware, software, and physical surroundings
neatness does count

Keep your stuff in the bench drawers (don't take it home)
No drinking, smoking, or other behavior that may harm
Don't let others into the lab (especially of f hours)
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