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Introduction

This book is intended as a hands-on guide for anyone planning to use the STR7 family of microcontrollers in a
new design. It is laid out both as a reference book and as a tutorial. It is assumed that you have some experience
in programming microcontrollers for embedded systems and are familiar with the C language. The bulk of
technical information is spread over the first four chapters, which should be read in order if you are completely
new to the STR7 and the ARM7 CPU.

The first chapter gives an introduction to the major features of the ARM7 CPU. Reading this chapter will give you
enough understanding to be able to program any ARM7 device. If you want to develop your knowledge further,
there are a number of excellent books which describe this architecture and some of these are listed in the
bibliography. Chapter Two is a description of how to write C programs to run on an ARM7 processor and, as
such, describes specific extensions to the ISO C standard which are necessary for embedded programming.

Having read the first two chapters you should understand the processor and its development tools. Chapter
Three then introduces the STR7 system peripherals. This chapter describes the system architecture of the STR7
family and how to set the chip up for its best performance. In Chapter Four we look at the on-chip user peripherals
and how to configure them for our application code.

Throughout these chapters various exercises are listed. Each of these exercises is described in detail in Chapter
Five, the Tutorial section. The Tutorial contains a worksheet for each exercise which steps you through an
important aspect of the STR7. All of the exercises are based on the Hitex STR73x evaluation kit which comes
with an STRY7 evaluation board and a JTAG debugger, as well as the GCC ARM compiler toolchain. It is hoped
that by reading the book and doing the exercises you will quickly become familiar with the STR73x family of
microcontrollers.
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1 Chapter 1: The ARM7 CPU Core

1.1 OQutline

The CPU at the heart of the STR7 family is an ARM7. You do not need to be an expert in ARM7 programming to
use the STR7, as many of the complexities are taken care of by the C compiler. You do need to have a basic
understanding of how the CPU is working and its unique features in order to produce a reliable design.

In this chapter we will look at the key features of the ARM7 core along with its programmers’ model and we will
also discuss the instruction set used to program it. This is intended to give you a good feel for the CPU used in
the STRY7 family. For a more detailed discussion of the ARM processors, please refer to the books listed in the
bibliography.

The key philosophy behind the ARM design is simplicity. The ARM7 is a RISC computer with a small instruction

set and consequently a small gate count. This makes it ideal for embedded systems. It has high performance and
low power consumption and it takes a small amount of the available silicon die area.

1.2 The Pipeline

At the heart of the ARM7 CPU is the instruction pipeline. The pipeline is used to process instructions taken from
the program store. On the ARM 7 a three-stage pipeline is used.

¥ Fones 2 3 a4 B G Ingiruction
Fatch = - -'.I
The ARM7 three-stage pipeline
Decade ; has independent fetch, decode
Exaruts H and execute stages

A three-stage pipeline is the simplest form of pipeline and does not suffer from the kind of hazards seen in
pipelines with more stages, such as read-before-write. The pipeline has hardware independent stages that
execute one instruction while decoding a second and fetching a third. The pipeline speeds up the throughput of
CPU instructions so effectively that most ARM instructions can be executed in a single cycle. The pipeline works
most efficiently on linear code. As soon as a branch is encountered, the pipeline is flushed and must be refilled
before full execution speed can be resumed. As we shall see, the ARM instruction set has some interesting
features which help smooth out small jumps in your code in order to get the best flow of code through the pipeline.
As the pipeline is part of the CPU, the programmer does not have any exposure to it. However, it is important to
remember that the PC is running eight bytes ahead of the current instruction being executed, so care must be
taken when calculating offsets used in PC relative addressing.

For example, the instruction:
0x4000 LDR PC, [PC,#4]

will load the contents of the address PC+4 into the PC. As the PC is running eight bytes ahead then the contents
of address 0x400C will be loaded into the PC and not 0x4004 as you might expect on first inspection.

© Hitex (UK) Ltd. Page 9
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1.3 Registers

The ARM?Y is a load-and-store architecture, so in order to perform any data processing instructions the data has
first to be moved from the memory store into a central set of registers, the data processing instruction has to be
executed and then the data is stored back into memory.

_;m'ﬂ._uI>
(X1

. The ARM7 CPU is a load-and-
store architecture. All data

Add Me B B {Ba= 8 «F] Processing instructions may

only be carried out on a central

. register file
Rl 1, Ly
L] P———

The central set of registers are a bank of 16 user registers RO — R15. Each of these registers is 32 bits wide and
RO — R12 are user registers (in that they do not have any specific other function.) The Registers R13 — R15 do
have special functions in the CPU. R13 is used as the stack pointer (SP). R14 is called the link register (LR).
When a call is made to a function, the return address is automatically stored in the link register and is immediately
available on return from the function. This allows quick entry and return into a ‘leaf function (a function that is not
going to call further functions). If the function is part of a branch (i.e. it is going to call other functions) then the link
register must be preserved on the stack (R13). Finally R15 is the program counter (PC). Interestingly, many
instructions can be performed on R13 - R15 as if they were standard user registers.

M M. Pl

: p The central register file has 16 word wide registers plus
15 User registers + PC R7 an additional CPU register called the current program
R8 status register. RO — R12 are user registers R13 — R15
R9 have special functions.

R10

R11

R12

R13 is used as the stack pointer| R13

R14 is the link register R14

R15 is the Program Counter R15 (PC)

Current Program Status Register| CPSR

© Hitex (UK) Ltd. Page 10
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1.4 Current Program Status Register

In addition to the register bank there is an additional 32 bit wide register called the ‘current program status
register (CPSR). The CPSR contains a number of flags which report and control the operation of the ARM7 CPU.

31 302928 27 87 6 543210
T Interrupt enable Operating mode
Condition code flags IROQ FIQ
Negative FIQ Thumb wstruction set RQ
Zero System
Carry User
oVerflow Undefined instruction

The Current Program Status Register contains condition code flags which indicate the result of
data processing operations and User flags which set the operating mode and enable interrupts.
The T bit is for reference only

The top four bits of the CPSR contain the condition codes which are set by the CPU. The condition codes report
the result status of a data processing operation. From the condition codes you can tell if a data processing
instruction generated a negative, zero, carry or overflow result. The lowest eight bits in the CPSR contain flags
which may be set or cleared by the application code. Bits 7 and 8 are the | and F bits. These bits are used to
enable and disable the two interrupt sources which are external to the ARM7 CPU. All of the STRY7 peripherals
are connected to these two interrupt lines as we shall see later. You should be careful when programming these
two bits, because in order to disable either interrupt source the bit must be set to ‘1’, not ‘0’ as you might expect.
Bit 5 is the THUMB bit.

The ARM7 CPU is capable of executing two instruction sets; the ARM instruction set which is 32 bits wide and the
THUMB instruction set which is 16 bits wide. Consequently the T bit reports which instruction set is being
executed. Your code should not try to set or clear this bit to switch between instruction sets. We will see the
correct entry mechanism a bit later. The last five bits are the mode bits. The ARM7 has seven different operating
modes. Your application code will normally run in the user mode with access to the register bank RO — R15 and
the CPSR as already discussed. However in response to an exception such as an interrupt, memory error or
software interrupt instruction, the processor will change modes. When this happens the registers RO — R12 and
R15 remain the same, but R13 (LR ) and R14 (SP) are replaced by a new pair of registers unique to that mode.
This means that each mode has its own stack and link register. In addition, the fast interrupt mode (FIQ) has
duplicate registers for R7 — R12. This means that you can make a fast entry into an FIQ interrupt without the need
to preserve registers onto the stack.

© Hitex (UK) Ltd. Page 11
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Each of the modes except user mode has an additional register called the “saved program status register”. If your
application is running in user mode when an exception occurs, the mode will change and the current contents of
the CPSR will be saved into the SPSR. The exception code will run and on return from the exception the context
of the CPSR will be restored from the SPSR allowing the application code to resume execution. The operating

modes are listed below.

Syuiem & Vst Fil [ m— At i
o _ M o i _
A Ri =1 L] H
] Ra ) R ]
[2=] Fa Fa 5] 2]
A4 R Pl R4 At
] Pe e s &
] ] F ] ]
AT AT g AT [ AT
fie g ] na na
T A_ta B A9 B
Al G Ria A A
11 A11_fi iy e [
A1z AT g ALE Az Az
[TE IR W3 wve | [ A3 a |
CIT At fg I Fid_abi At

[ RISWPCI| | Mg | | MG | | REPG) | | WIS RG)

CPS

i

LI IEE TR 16 JF-AF2E 4

Y uned

[
A ihG

) () ] i

1.5 Exception Modes

The ARM7 CPU has six
operating modes which are
used to process exceptions.
The shaded registers are
banked memory that s
“switched in” when the
operating mode changes. The
SPSR register is used to save a
copy of the CPSR when the
switch occurs

When an exception occurs, the CPU will change modes and the PC will be forced to an exception vector. The
vector table starts from address zero with the reset vector and then has an exception vector every four bytes.

Feist Supervecr it Each operating mode has
Uil raisuctesn Linicierbres a0 associated interrupt vector. When
——— —_——— the processor changes mode the
Sotware mdemupl {51 Superdsor D000000s PC will jump to the associated
Proteich Abort (nsncion eich memaory st=t oo 000G vector.
NB. there is a missing vector at
i i 1
it Abor] (dals Sccess mpmory alsrt] Adwort A MO0 11 000000014
1R o sl 70 ] D00 1B
FI st arslirugt Fid D000 1 5
© Hitex (UK) Ltd. Page 12
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NB: There is a gap in the vector table because there is a missing vector at 0x00000014. This location was used
on an earlier ARM architecture and has been preserved on ARM7 to ensure software compatibility between
different ARM architectures. However in the STR7 family these four bytes are used for a very special purpose as
we shall see later.

Highast 1 Rt Each o_f the e>'<ception sources has a fixed priority. The
; = O o S0 e
2 Fig within these groups
' —
& Pratatch Abort

Lowasl 6 '--“mv?;-nl‘;_-:n-u:-.._--

If multiple exceptions occur then there is a fixed priority as described below:

When an exception occurs, for example an IRQ exception, the following actions are taken: First the address of the
next instruction to be executed (PC + 4) is saved into the link register. Then the CPSR is copied into the SPSR of
the exception mode that is about to be entered (i.e. SPSR_irq). The PC is then filled with the address of the
exception mode interrupt vector. In the case of the IRQ mode this is 0x00000018. At the same time the mode is
changed to IRQ mode, which causes R13 and R14 to be replaced by the IRQ R13 and R14 registers. On entry to
the IRQ mode, the | bit in the CPSR is set, causing the IRQ interrupt line to be disabled. If you need to have
nested IRQ interrupts, your code must manually re-enable the IRQ interrupt and push the link register onto the
stack in order to preserve the original return address. From the exception interrupt vector your code will jump to
the exception ISR. The first thing your code must do is to preserve any of the registers R0-R12 that the ISR will
use by pushing them onto the IRQ stack. Once this is done you can begin processing the exception.

URER [ . =]
. Save PL n
ik e 1
When an exception occurs the CPU will change
Hane PSR modes and jump to the associated interrupt
ISH, e vector
L | =
LLE} | | |
[} | '™
civsh | | 1™
- ] | BFER

Once your code has finished processing the exception it must return back to the user mode and continue where it
left off. However the ARM instruction set does not contain a “return” or “return from interrupt” instruction so
manipulating the PC must be done by regular instructions. The situation is further complicated by there being a
number of different return cases. First of all, consider the SWI instruction. In this case the SWI instruction is
executed, the address of the next instruction to be executed is stored in the Link register and the exception is
processed. In order to return from the exception all that is necessary is to move the contents of the link register
into the PC and processing can continue. However in order to make the CPU switch modes back to user mode, a
modified version of the move instruction is used and this is called MOVS (more about this later). Hence for a
software interrupt the return instruction is:

MOVS R15,R14 ; Move Link register into the PC and switch modes.

© Hitex (UK) Ltd. Page 13
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However, in the case of the FIQ and IRQ instructions, when an exception occurs the current instruction being
executed is discarded and the exception is entered. When the code returns from the exception the link register
contains the address of the discarded instruction plus four. In order to resume processing at the correct point we
need to roll back the value in the Link register by four. In this case we use the subtract instruction to deduct four
from the link register and store the results in the PC. As with the move instruction, there is a form of the subtract
instruction which will also restore the operating mode. For an IRQ, FIQ or Prog Abort, the return instruction is:

SUBS R15, R14,#4

In the case of a data abort instruction, the exception will occur one instruction after execution of the instruction
which caused the exception. In this case we will ideally enter the data abort ISR, sort out the problem with the
memory and return to reprocess the instruction that caused the exception. This means we have to roll back the
PC by two instructions, i.e. the discarded instruction and the instruction that caused the exception. In other words
subtract eight from the link register and store the result in the PC. For a data abort exception the return instruction
is:

SUBS R15, R14,#8

Once the return instruction has been executed, the modified contents of the link register are moved into the PC,
the user mode is restored and the SPSR is restored to the CPSR. Also, in the case of the FIQ or IRQ exceptions,
the relevant interrupt is enabled. This exits the privileged mode and returns to the user code ready to continue
processing.

[ T

At the end of the exception

the CPU returns to user

mode and the context is

restored by moving the
- SPSR to the CPSR

1.6 ARM 7 Instruction Set

Now that we have an idea of the ARM7 architecture, programmers’ model and operating modes, we need to take
a look at its instruction set (or rather sets.) Since all our programming examples are written in C, there is no need
to be an expert ARM7 assembly programmer. However an understanding of the underlying machine code is very
important in developing efficient programs. Before we start our overview of the ARM7 instructions it is important to
set out a few technicalities. The ARM7 CPU has two instruction sets: the ARM instruction set which has 32-bit
wide instructions and the THUMB instruction set which has 16-bit wide instructions. In the following section the
use of the word ARM means the 32-bit instruction set and ARM7 refers to the CPU.

The ARMY is designed to operate as a big-endian or little-endian processor. That is, the MSB is located at the
high order bit or the low order bit. You may be pleased to hear that the STR7 family fixes the endianess of the
[ LEE processor as little endian (i.e. MSB at highest bit address), which

; does make it a lot easier to work with. However the ARM7 compiler

Lms endia™  you are working with will be able to compile code as little endian or
big endian. You must be sure you have it set correctly or the

BE 31 i =] . .

’ compiled code will be back to front.

. el The ARM7 CPU is designed to support code
) compiler in big endian or little endian format. The
Big endian ST silicon is fixed as little endian.

Ba i1 BagQ

© Hitex (UK) Ltd. Page 14



Chapter 1: The ARM7 CPU hitex

DEVELOPFMENT TODLE

One of the most interesting features of the ARM instruction set is that every instruction may be conditionally
executed. In a more traditional microcontroller the only conditional instructions are conditional branches and
maybe a few others like bit test and set. However in the ARM instruction set the top four bits of the operand are
compared to the condition codes in the CPSR. If they do not match, then the instruction is not executed and
passes through the pipeline as a NOP (no operation).

H £8
Every ARM (32-bit) instruction is conditionally executed. The top
four bits are ANDed with the CPSR condition codes. If they do
not match the instruction is executed as a NOP
COND

So it is possible to perform a data processing instruction which affects the condition codes in the CPSR. Then,
depending on this result, the following instructions may or may not be carried out. The basic Assembler
instructions such as MOV or ADD can be prefixed with sixteen conditional mnemonics, which define the condition
code states to be tested for.
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Each ARM (32- bit) instruction can
be prefixed by one of 16 condition
codes. Hence each instruction has
Sl 16 different variants.
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So for example:

EQMOV R1, #0x00800000

will only move 0x00800000 into the R1 if the last result of the last data processing instruction was equal and
consequently set the Z flag in the CPSR. The aim of this conditional execution of instructions is to keep a smooth
flow of instructions through the pipeline. Every time there is a branch or jump, the pipeline is flushed and must be
refilled and this causes a dip in overall performance. In practice, there is a break-even point between effectively
forcing NOP instructions through the pipeline and a traditional conditional branch and refill of the pipeline. This
break-even point is three instructions, so a small branch such as:

if( x<100)

X++;

}
would be most efficient when coded using conditional execution of ARM instructions.

The main instruction groups of the ARM instruction set fall into six different categories, Branching, Data
Processing, Data Transfer, Block Transfer, Multiply and Software Interrupt.
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1.6.1 Branching

The basic branch instruction (as its name implies) allows a jump forwards or backwards of up to 32 MB. A
modified version of the branch instruction, the branch link, allows the same jump but stores the current PC
address plus four bytes in the link register.

B 03000 D400
Pizei The branch instruction has several forms. The
branch instruction will jump you to a destination
LA F2, # 10 | DuB000 address. The branch link instruction jumps to the
destination and stores a return address in R14.
BL ¢dBO00 0400
P = OB
Fid w Dbl
= LAHZ F10 OnaBO0C

So the branch link instruction is used as a call to a function storing the return address in the link register. The
branch instruction can be used to branch on the contents of the link register to make the return at the end of the
function. By using the condition codes we can perform conditional branching and conditional calling of functions.
The branch instructions have two other variants called “branch exchange” and “branch link exchange”. These two
instructions perform the same branch operation, but also swap instruction operation from ARM to THUMB and
vice versa.

BLX (a0 0x400
FC m OBl
T=1
LOA RZ, & 10 | 0XB000
The branch exchange and branch link exchange
instructions perform the same jumps as branch and
branch link but also swap instruction sets from ARM to
THUMB and vice versa.
BLA COLBO00 Dxd00
PC = QoA
T=1
A4 = Du200:4
LDAR2 & 10 | (8000

This is the only method you should use to swap instruction sets, as directly manipulating the “T” bit in the CPSR
can lead to unpredictable results.
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1.6.2 Data Processing Instructions

The general form for all data processing instructions is shown below. Each instruction has a result register and
two operands. The first operand must be a register, but the second can be a register or an immediate value.

L conde Cyperanids 32 bt shat

¥ ¥ b The general structure of the
= processing instructions allows
Cond Op o] A1, R2, R3 stﬁ conditional execution, a logical shift of up
- to 32 bits and the data operation all in the
& k one cycle

Consditioas] execition Enable condimion code Ilil::':r-.

In addition, the ARM7 core contains a barrel shifter which allows the second operand to be shifted by a full 32-bits
within the instruction cycle. The “S” bit is used to control the condition codes. If it is set, the condition codes are
modified depending on the result of the instruction. If it is clear, no update is made. If, however, the PC (R15) is
specified as the result register and the S flag is set, this will cause the SPSR of the current mode to be copied to
the CPSR. This is used at the end of an exception to restore the PC and switch back to the original mode. Do not
try this when you are in the USER mode as there is no SPSR and the result would be unpredictable.

Mnemonic Meaning

AND Logical bitwise AND

EOR Logical bitwise exclusive OR
SUB Subtract

RSB Reverse Subtract

ADD Add

ADC Add with carry

SBC Subtract with carry

RSC Reverse Subtract with carry
TST Test

TEQ Test Equivalence

CMP Compare

CMN Compare negated

ORR Logical bitwise OR

MOV Move

BIC Bit clear

MVN Move negated

These features give us a rich set of data processing instructions which can be used to build very efficiently-coded
programs, or to give a compiler-designer nightmares. An example of a typical ARM instruction is shown below.

if(Z ==1)R1 = R2+(R3x4)
Can be compiled to:

EQADDS R1,R2,R3,LSL #2

© Hitex (UK) Ltd. Page 17



hitex

Chapter 1: The ARM7 CPU
DEVELOPMENT TOOLS

1.6.2.1 Copying Registers

The next group of instructions are the data transfer instructions. The ARM7 CPU has load-and-store register
instructions that can move signed and unsigned Word, Half Word and Byte quantities to and from a selected
register.

Mnemonic Meaning

LDR Load Word

LDRH Load Half Word

LDRSH Load Signed Half Word
LDRB Load Byte

LRDSB Load Signed Byte

STR Store Word

STRH Store Half Word

STRSH Store Signed Half Word
STRB Store Byte

STRSB Store Signed Half Word

Since the register set is fully orthogonal it is possible to load a 32-bit value into the PC, forcing a program jump
anywhere within the processor address space. If the target address is beyond the range of a branch instruction, a
stored constant can be loaded into the PC.

1.6.2.2 Copying Multiple Registers

In addition to load and storing single register values, the ARM has instructions to load and store multiple registers.
So with a single instruction, the whole register bank or a selected subset can be copied to memory and restored
with a second instruction

A=
The load and store multiple instructions allow
s STM you to save or restore the entire register file or
L] any subset of registers in the one instruction
Hn.
LOM -
Ma= 18
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1.7 Swap Instruction

The ARM instruction set also provides support for real time semaphores with a swap instruction. The swap
instruction exchanges a word between registers and memory as one atomic instruction. This prevents crucial data
exchanges from being interrupted by an exception.

This instruction is not reachable from the C language and is supported by intrinsic functions within the compiler

library.

The swap instruction allows you to exchange the
contents of two registers. This takes two cycles
but is treated as a single atomic instruction so the

“ exchange cannot be corrupted by an interrupt.

1.8 Modifying The Status Registers

As noted in the ARM7 architecture section, the CPSR and the SPSR are CPU registers, but are not part of the
main register bank. Only two ARM instructions can operate on these registers directly. The MSR and MRS
instructions support moving the contents of the CPSR or SPSR to and from a selected register. For example, in
order to disable the IRQ interrupts the contents of the CPSR must be moved to a register, the “I” bit must be set
by ANDing the contents with 0x00000080 to disable the interrupt and then the CPSR must be reprogrammed with
the new value.

- MEER
CEFR
EPER

The CPSR and SPSR are not memory-mapped or
part of the central register file. The only instructions

Aig which operate on them are the MSR and MRS
instructions. These instructions are disabled when
the CPU is in USER mode.

_ LIRS
C5PR
SPER

His

The MSR and MRS instructions will work in all processor modes except the USER mode. So it is only possible to
change the operating mode of the process, or to enable or disable interrupts, from a privileged mode. Once you
have entered the USER mode you cannot leave it, except through an exception, reset, FIQ, IRQ or SWI
instruction.
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1.9 Software Interrupt

The Software Interrupt Instruction generates an exception on execution, forces the processor into Supervisor
mode and jumps the PC to 0x00000008. As with all other ARM instructions, the SWI instruction contains the
condition execution codes in the top four bits followed by the op code. The remainder of the instruction is empty.
However, it is possible to encode a number into these unused bits. On entering the software interrupt, the
software interrupt code can examine these bits and decide which code to run. So it is possible to use the SWI
instruction to make calls into the protected mode, in order to run privileged code or make operating system calls.

31 28 27 24 23

Cond 1111 Ordinal

The Software Interrupt Instruction forces the CPU into SUPERVISOR mode and jumps the PC to
the SWI vector. Bits 0-23 are unused and user defined numbers can be encoded into this space.

The Assembler Instruction:

SWI #3

will encode the value 3 into the unused bits of the SWI instruction. In the SWI ISR routine we can examine the
SWI instruction with the following code pseudo code:

switch( *(R14-4) & OxOOFFFFFF) // roll back the address stored in link reg
// by 4 bytes
{ // Mask off the top 8 bits and switch
// on result
case ( SWI-1)

Depending on your compiler, you may need to implement this yourself, or it may be done for you in the compiler
implementation.
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1.10 MAC Unit

In addition to the barrel shifter, the ARM7 has a built-in Multiply Accumulate Unit (MAC). The MAC supports
integer and long integer multiplication. The integer multiplication instructions support multiplication of two 32-bit
registers and place the result in a third 32-bit register (modulo32). A multiply-accumulate instruction will take the
same product and add it to a running total. Long integer multiplication allows two 32-bit quantities to be multiplied
together and the 64-bit result is placed in two registers. Similarly a long multiply and accumulate is also available.

Mnemonic Meaning Resolution

MUL Multiply 32 bit result
MULA Multiply accumulate 32 bit result
UMULL Unsigned multiply 64 bit result
UMLAL Unsigned multiply accumulate 64 bit result
SMULL Signed multiply 64 bit result
SMLAL Signed multiply accumulate 64 bit result
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1.11 THUMB Instruction Set

Although the ARM7 is a 32-bit processor, it has a second 16-bit instruction set called THUMB. The THUMB
instruction set is really a compressed form of the ARM instruction set.

The THUMB instruction set is
essential for archiving the

o . AP necessary code density to
bm;ﬁbbﬂ = ri.:;:,.m +,m.pm+ BT + make small single chip ARM7

i L micros usable

This allows instructions to be stored in a 16-bit format, expanded into ARM instructions and then executed.
Although the THUMB instructions will result in lower code performance compared to ARM instructions, they will
achieve a much higher code density. So, in order to build a reasonably-sized application that will fit on a small
single chip microcontroller, it is vital to compile your code as a mixture of ARM and THUMB functions. This
process is called interworking and is easily supported on all ARM compilers. By compiling code in the THUMB
instruction set you can get a space saving of 30%, while the same code compiled as ARM code will run 40%
faster.

The THUMB instruction set is much more like a traditional microcontroller instruction set. Unlike the ARM
instructions, THUMB instructions are not conditionally executed (except for conditional branches). The data
processing instructions have a two-address format, where the destination register is one of the source registers:

ARM Instruction THUMB Instruction
ADD RO, RO,R1 ADD RO,R1 RO = RO+R1

The THUMB instruction set does not have full access to all registers in the register file. All data processing
instructions have access to R0 —R7 (these are called the “low registers”.)

RO
Hu
R2 In the THUMB programmers’ model all
[=%] instructions have access to RO-R7. Only a
R Livew Regislars few instructions may access R8-R12

RS
R&

Rr

s [crer___
Hi4

A5

However access to R8-R12 (the “high registers”) is restricted to a few instructions:
MOV, ADD, CMP

The THUMB instruction set does not contain MSR and MRS instructions, so you can only indirectly affect the
CPSR and SPSR. If you need to modify any user bits in the CPSR you must change to ARM mode. You can
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change modes by using the BX and BLX instructions. Also, when you come out of RESET, or enter an exception

mode, you will automatically change to ARM mode.

RAosat

THLRER

=, wroeption

| (]

""T and ol excoption

B

The THUMB instruction set has the more traditional PUSH and POP instructions for stack manipulation. They
implement a fully descending stack, hardwired to R13.

[2k]

2 ]

21

M3

The THUMB instruction set has dedicated
PUSH and POP instructions which implement
a descending stack using R13 as a stack
pointer

Finally, the THUMB instruction set does contain a SWI instruction which works in the same way as in the ARM
instruction set, but it only contains 8 unused bits, to give a maximum of 255 SWI calls.

1.12 Summary

At the end of this chapter you should have a basic understanding of the ARM7 CPU. Please see the bibliography
for a list of books that address the ARM7 in more detail. Also included on the CD is a copy of the ARM7 user

manual.
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2 Chapter 2: Software Development

2.1 Outline

Having read Chapter One, you should now have an understanding of the ARM7 CPU. In this chapter we will look
at how to write and debug C code for the ARM7. The example programs in this chapter will concentrate on
demonstrating how to use the unique features of the ARM7 discussed in the first chapter.

Since the ARM?7 is rapidly becoming an industry standard CPU for general purpose microcontrollers, this will
allow you to develop code on the STR73x and a number of other microcontrollers.
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2.2 The Development Tools

The CD that comes with the STR7 starter kit includes an evaluation toolchain for the STR7. This is complete with
a number of example programs demonstrating all the major features of the STR7 microcontroller. By reading
through the book and running the exercises, you will be able to very quickly familiarise yourself with the essential
features of the STR7. All of these exercises are detailed in Chapter 5. Once you have read the theory section and
reached an exercise, turn to the Exercise Worksheet in Chapter Five and follow the instructions. The exercises
expand on the basic theory and give you a practical handle on the operation of the STR7.

Exercise 0: Installing the software

Turn to the tutorial chapter and follow the instructions in Exercise 0 which describe setting
up the software and hardware toolchain that we will use for the practical examples in this
book

2.2.1 StartkEasy

StartEasy is the first development tool used for a new STR7 project. StartEasy is an easy-to-use CASE tool that
will auto-generate the necessary Assembler and C source code for a skeleton STR7 program. StartEasy also
allows you to select the configuration of the basic STR7 peripherals, interrupt structure and CPU clocks through a
few simple menus. As well as generating the source code StartEasy produces a fully configured project using the
HiTOP IDE, so you can easily download and run your application code.

2.2.2 HIiTOP IDE

HiTOP is the front end for all Hitex debuggers and in circuit emulators. In the case of the STR7, HITOP connects
the Tantino 7-9 JTAG debugger. The JTAG allows HiTOP to download code into the STR7 FLASH or RAM and
then debug the code as it runs on the microcontroller. In addition to its debugging features, HiTOP includes a
programmers’ editor and support for various compiler tools and make utilities. Once you have defined your project
with StartEasy you can edit, compile and debug within the HiTOP IDE.

2.2.3 Which Compiler?

The HITOP development environment can be used with several different compiler tools. These include compilers
from ARM, Keil, Greenhills and IAR. There is also a port of the GCC compiler available for the ARM series of
CPUs. The GCC compiler has the advantage of being a free compiler which will compile C and C++ code for all of
the ARM series of CPUs.

We can see from this simple analysis that the commercial compilers are streets ahead of the GNU tools in terms
of code density and speed of execution. Increasingly, the commercial compilers include direct support for ARM-
based microcontrollers in the form of debuggers with support for the SRT7 and dedicated compiler switches. The
reasons to use each of the given compilers can be summed up as follows: if you want the fastest code and
standard tools use the ARM compiler, for best code density use the Keil, if you have no budget or a simple project
use the GNU. Delivered with the starter kit is an installation of the GNU compiler which integrates with the HITOP
debugger IDE and StartEasy case tool. The examples given use the GNU compiler.

2.2.4 DA-C

Also included with the development toolchain is a second editor called Development Assistant for C. This is an
advanced editor specifically targeted at embedded systems developers. As well as having all the features you
would expect in a programmers’ editor, DA-C includes a number of advanced features that help you to produce
high quality well documented C source code. DA-C includes a static checker that will analyse your code for
common programming errors, generate flow charts and calling hierarchies. DA-C also includes a code browser,
S0 you can easily navigate your code and a metrics module so the source code may be analysed using quality
standard measures.
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2.2.5 TESSY

The final item of software included on the CD is a software testing tool suite called TESSY. The TESSY toolset
automates the functional testing of embedded microcontrollers and their target hardware. In many industries
(especially Aerospace and Medical), validation of microcontroller firmware is a lengthy and important process.
TESSY is especially suitable for testing small footprint microcontrollers which have small amounts of on-chip
memory. Rather than build a test harness that is downloaded into the target memory of the device under test,
TESSY makes no changes to the code under test but builds its test harness in the HiISCRIPT language built into
the debugger. This way the target application can be fully exercised without the loss of any on-chip resources.

2.3 Tutorial

Once you have installed the software and configured the target hardware as described in Exercise 0, it is best to
run through the first real exercise to generate a simple application and gain some familiarity with the development
tools.

Exercise 1: Configuring a new project
The first exercise demonstrates starting a new project in StartEasy and then using this
project with the HITOP IDE

2.4 Startup Code

In our example project we have a number of source files. In practice the .c files are your source code, but the file
startup.s is an Assembler module provided by Hitex to support the STR7 microcontroller. As its name implies, the
startup code is located to run from the reset vector. It provides the exception vector table, as well as initialising the
stack pointer for the different operating modes. It also initialises some of the on- chip system peripherals and the
on-chip RAM before it jumps to the main function in your C code. The startup code will vary, depending on which
ARM?7 device you are using and which compiler you are using, so for your own project it is important to make sure
you are using the correct file.

First of all the startup code provides the exception vector table as shown below:

Reset_Vec: B ResetEntry
B Undef_Handler
B SWI_Handler
B PAbt_Handler
B DAbt_Handler
NOP /* Reserved Vector */
LDR PC, [PC, #-0x408]
B F1Q_Handler

The vector table is located at 0x00000000 and provides a jump to interrupt service routines (ISR) on each vector.
If your code is located to run from 0x00000000 then the vector table can be made from a series of branch
instructions. You must remember to pad the unused interrupt vector with a NOP, also note the odd Assembler
instruction on the IRQ interrupt vector. This will be discussed in Chapter 3 when we look at the interrupt structure
in more detail.

Using the Branch instruction means that the entry point to our application software and the interrupt routines must
be located within the first 32Mb on the STR7 memory map since this is the address range of the branch
instruction. A more generic way to handle the vector table is to use the LDR instruction to load a 32 bit constant
into the PC. This method uses more memory, but allows you to locate your code anywhere in the 4Gb address
range of the ARM7.
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Vectors: LDR PC,Reset_Addr
LDR PC,Undef_Addr
LDR PC,SWI_Addr
LDR PC,PAbt_Addr
LDR PC,DAbt_Addr
NOP /* Reserved Vector */
LDR PC, IRQ_Addr
LDR PC,[PC, #-0x0404]
LDR PC,FIQ_Addr
Reset_Addr: DD Reset_Handler
Undef_Addr: DD Undef_Handler
SWI1_Addr: DD SWI_Handler
PAbt_Addr: DD PAbt_Handler
DAbt_Addr DD DAbt_Handler
DD (0] /* Reserved Address */
IRQ_Addr: DD IRQ_Handler
FIQ_Addr: DD FI1Q_Handler

The vector table and the constants table take up the first 64 bytes of memory. On the STR7 the memory at
0x00000000 may be mapped from a number of different sources either on-chip FLASH, RAM or external FLASH
memory. (This is discussed more fully later on.) Whichever method you use, you are responsible for managing
the vector table in the startup code, as it is not done automatically by the compiler. The startup code is also
responsible for configuring the stack pointers for each of the operating modes.

SVC Stack —>»
IRQ Stack —»

Top of RAM 0xA0004000

FIQ Stack —»

ABT Stack —» are initialised at the top of on-chip

memory. Care must be taken to
allocate enough memory for the
maximum size of each stack

m’

v

_¢ The six on-chip stack pointers (R13)
UNDEF Stack —» —i

USR Stack ——»

Since each operating mode has a unique R13, there are effectively six stacks in the ARM7. The strategy used by
the compiler is to locate user variables from the start of the on-chip RAM and grow upwards. The stacks are
located at the top of memory and grow downwards. The startup code enters each different mode of the ARM7
and loads each R13 with the starting address of the stack.
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Switch mode and disable interrupts
Load address mto the stack pomter

Calculate start address of next stack

Finally switch to USER mode and

enable interrupts

Checl: for ARM or Thumb mode.

// Setup Stack for each mode

LDR RO, =Top_Stack

// Enter Undefined Instruction Mode and set its Stack

Pointer

————» MSR CPSR_c, #Mode_UND|I_Bit|F_Bit
- » MOV SP,RO

— » SUB RO,RO,#UND_Stack Size
// Enter Abort Mode and set its Stack Pointer

MSR  CPSR_c, #Mode ABT[I Bit[F Bit
MOV  SP,RO
SUB RO.RO,#ABT Stack Size

............ FIQ.IRQ and supervisor stacks

// Enter User Mode and set its Stack Pointer

MSR  CPSR_c, #Mode USR

_

MOV  SP,RO

// Enter the C code

LDR RO=?C?INIT
TST RO#L ; Bit-0 set: INIT 15 Thumb

Load an Exit address into the link register g LDREQ LR=exit?A ; ARM Mode

Jump to the C init routine

LDRNE LR=exit?T ; Thumb Mode
BX RO

Like the vector table, you are responsible for configuring the stack size. This can be done by editing the startup
code directly, however the StartEasy tool provides a simple window that allows you to easily set the stack sizes.

Froject:

& Project Settings

E] Global Settings

E] Tooal path

E] Compiler Dptions

E] Linker Dptions

£ R

] CPU

E] Debug Taal

E] Build Logfile
[ 5TR7? Setup
L Project files

UMD
SVC
ABT:
FId:
IRQ:
I5R:

Adjust Stack Size [words)

In addition, the graphical editor allows you to configure some of the STR730 system peripherals. We will see
these in more detail later, but remember that they can be configured directly in the startup code.

Exercise 2: Configuring the ARM7 Startup code
This exercise focuses on the startup code. The CPU stacks are set up and checked in the
debugger. The other critical areas of the startup code are also examined.
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2.5 ARM Procedure Call Standard

The ARM procedure calling standard defines how the ARM7 register file is used by the compiler during runtime. In
theory, the APCS allows code built in different toolsets to work together, so that you can take a library compiled
by the ARM compiler and use it with the GCC toolset.

Parameaiar Parsing
The ARM procedure call standard defines how the
user CPU registers should be used by compilers.
Adhering to this standard allows interworking
between different manufacturers’ tools

Local Variables

Scraich Regisier

Stack Regisier

Link Register

Program Counter

The APCS splits the register file into a number of regions. RO to R3 are used for parameter passing between
functions. If you need to pass more than 16 bytes then spilled parameters are passed via the stack. Local
variables are allocated R4 — R11 and R12 is reserved as a memory location for the intra-call veneer code. As you
select more options for the generated code such as re-enterancy and stack-checking, the compiler adds
additional Assembler code to support these features. These Assembler veneers effectively add overhead to your
code, so it is important to only enable features which you intend to use. The APCS also defines a stack frame
which preserves the context of the CPU registers and also contains a pointer to the previous stack frame.

This is a very useful software debug task within an operating system such as Linux, but it isn’t that useful for a
JTAG debugger. The ARM procedure calling standard has a big impact on the speed of execution and stack size
for the final application. Consequently for a small embedded microcontroller like the STRY it is best to stop the
compiler from using this standard. The compiler switch used to enable the APCS standard is:

-mapcs-frame or -apcs

And to disable it

-mno-apcs-frame

By default StartEasy generates a project which disables the use of the APCS.
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2.6 Interworking ARM and THUMB

One of the most important features of the ARM7 CPU is its ability to run 16 bit THUMB code and 32 bit ARM
code. In order to get a reasonably complex application to fit into the on-chip FLASH memory, it is very important
to interwork these two instruction sets so that most of the application code is encoded in the THUMB instruction
set and is effectively compressed to take minimal space in the on-chip FLASH memory. Any time-critical routines
where the full processing power of the ARM 7 is required need to be encoded in the ARM 32 bit instruction set.
When generating the code, the compiler must be enabled to allow interworking. This is achieved with the following
switch:

-mTHUMB-interwork

The GCC compiler is designed to compile a given C module in either the THUMB or ARM instruction set.
Therefore you must lay out your source code so that each module only contains functions that will be encoded as
ARM or THUMB functions. By default the compiler will encode all source code in the ARM instruction set. To force
a module to be encoded in the THUMB instruction set, use the following directive when you compile the code:
-mTHUMB

This option can be added to a give module either in StartEasy or within the HITOP IDE.

The linker can then take both ARM and THUMB object files and produce a final executable that interworks both
instruction sets.

Exercise 3: ARM-Thumb Interworking
The next exercise demonstrates setting up a project that interworks ARM and THUMB
code.

2.7 STDIO libraries

The “Hello World” example in Exercise 1 uses a simple print_f routine which will print simple strings to a terminal.
The GCC compiler has a full ANSI C library which includes the full high-level formatted I/O functions such as
scanf and printf. These functions call low-level driver functions that can be modified to the I/O stream to a given
peripheral. These functions are stored in a file called syscalls.c. If you intend to use the STDIO library you should
add this module to your project and then tailor the driver functions to match your I/O device.

Bear in mind that the high level STDIO functions are quite bulky and should only be used if your application is
very I/O driven.

2.8 Accessing Peripherals

Once we have built some code and got it running on an STRY7 device, it will at some point be necessary to access
the special function registers (SFR) in the peripherals. As all the peripherals are memory-mapped, they can be
accessed as normal memory locations. Each SFR location can be accessed by ‘hardwiring’ a volatile pointer to its
memory location as shown below.

#define SFR (*((volatile unsigned long *) OxFFFFFO00))

StartEasy generates an include file which defines all the SFRs in the different STR7 variants. The include file is
added to your skeleton project. This allows you to directly access any STR7 peripheral SFR directly using the
data book naming convention.
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2.9 Interrupt Service Routines

In addition to accessing the on-chip peripherals, your C code will have to service interrupt requests. It is possible
to convert a standard function into an ISR as shown below:

void fiqint (void) __attribute__ ((interrupt("FI1Q™)));
{

10SET1 = OxO0FF0000;//Set the LED pins

EXTINT = 0x00000002; //Clear the peripheral interrupt flag
}

The keyword __fiq defines the function as an fast interrupt request service routine and will use the correct return
mechanism. Other types of interrupt are supported by the keywords __IRQ, __ SWI and _UNDEF.

As well as declaring a C function as an interrupt routine, you must link the interrupt vector to the function.

Vectors: LDR PC,Reset_Addr
LDR PC,Undef_Addr
LDR PC,SWI_Addr
LDR PC,PAbt_Addr
LDR PC,DAbt_Addr
NOP /* Reserved Vector */
; LDR PC, IRQ_Addr
LDR PC,[PC, #-0x0404] /* Vector from VicVectAddr */
LDR PC,FIQ_Addr
Reset_Addr: DD Reset_Handler
Undef Addr: DD Undef _Handler?A
SWI_Addr: DD SWI_Handler?A
PAbt_Addr: DD PAbt_Handler?A
DAbt_Addr: DD DAbt_Handler?A
DD 0 /* Reserved Address */
IRQ_Addr: DD IRQ_Handler?A
FIQ_Addr: DD FIQ_Handler?A

The vector table is in two parts. First there is the physical vector table which has a load register instruction (LDR)
on each vector. This loads the contents of a 32-bit wide memory location into the PC, forcing a jump to any
location within the processor’'s address space. These values are held in the second half of the vector table, or
constants table which follows immediately after the vector table. This means that the complete vector table takes
the first 64 bytes of memory. The startup code contains predefined names for the Interrupt Service Routines
(ISR). You can link your ISR functions to each interrupt vector by using the same name as your C function name.
The table below shows the constants table symbols and the corresponding C function prototypes that should be
used.

Exception Source Constant C Function Prototype

Undefined Instruction Undef_Handler voidUndef Handler(void) __ attribute__ ((interrupt("undef”)));
Software Interrupt SWI_Handler void SWI_Handler(void) __ attribute__ ((interrupt("swi")));
Prefetch Abort PAbt_Handler  void Pabt_Handler (void) __attribute__ ((interrupt("undef”)));
Data Abort DAbt_Handler  void Dabt_Handler (void) __ attribute__ ((interrupt("undef”)));
Fast Interrupt FIQ_Handler void FIQ_Handler (void) __attribute__ ((interrupt("fiq”)));

As you can see from the table, there is no routine defined for the IRQ interrupt source. The IRQ exceptions are
special cases as we will see later. Only the IRQ and FIQ interrupt sources can be disabled. The protection
exceptions (Undefined instruction, Prefetch Abort, and Data Abort) are always enabled. Consequently these
exceptions must always be trapped. As a minimum you should ensure that these interrupt sources are trapped in
a tight loop, as shown below.

Pabt_Handler: B Pabt Handler ; Branch back to Pabt_Handler
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If your code does encounter a memory error and ends up in one of these loops, you can examine the contents of
the Abort Link Register to determine the address+4 of the instruction which caused the error. The SPSR will
contain details of the operating mode which the CPU was in when the error occurred. From here you can
backtrack and also examine the contents of the stack immediately before the application program crashed. So the
CPU registers can produce some useful post mortem diagnostics if you know what you are looking for.

2.10 Software Interrupt

The Software Interrupt exception is a special case. As we have seen it is possible to encode an integer into the
unused portion of the SWI opcode.

#define Softwarelnterrupt2 asm ('swi #02')

Now when we execute this line of code, it will generate a software interrupt and switch the CPU into Supervisor
mode and vector the PC to the SWI interrupt vector, which will place the application into the SWI handler routine.
Once we enter this routine, we need to determine what code to run. It would be possible to read the contents of a
global variable and then use a switch statement to run a specific function depending on the contents of the global.
However, there is a more elegant method. In the GCC compiler there is a register keyword that allows us to
access a CPU register directly from C code. The declaration below declares a pointer to the link register.

register unsigned * link _ptr asm ('r14");

When we enter the software interrupt routine we can use this pointer to read the contents of the SWI instruction
which generated the interrupt. This allows us to read the integer number encoded into the SWI instruction. We
can then use this number to decide which function to run within the SWI handler.

temp = *(link_ptr-1) & OXOOFFFFFF;

The line above takes the contents of the link register and deducts one. Remember it is a word-wide pointer, so we
are in fact deducting four bytes. This rolls the contents of the link register back by four so it is pointing at the
address of the SWI instruction. Then the contents of the instruction with the top eight bits masked off (the
condition codes and the SWI op code) are copied into the temp variable.

The result is that the encoded integer (in this case 2) is now stored in the temp variable and we can use its
contents to decide which code to run. The SWI instruction is a convenient method of leaving User mode to enter
the Supervisor mode and run some privileged code. The SWI calls can be used as part of a BIOS where all
access to the special function registers is made via software interrupt calls. This in effect partitions your
application code, so that all the hardware drivers run in Supervisor mode with their own stack and if necessary
their own memory space. You do not have to build your code this way, but if you want to make use of it the
mechanism is there.

Exercise 4: Software Interrupt
The SWI support in the GCC compiler is demonstrated in this example. You can easily
partition code to run in either the User mode or in Supervisor mode.
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2.11 In-Line Functions

It is also possible to increase the performance of your code by inlining your functions. The inline keyword can be
applied to any function as shown below:

inline void NoSubroutine (void)

{
}

When the inline keyword is used, the function will not be coded as a subroutine, but the function code will be
inserted at the point where the function is called, each time it is called. This removes the prologue and epilogue
code which is necessary for a subroutine, making its execution time faster. However, you are duplicating the
function every time it is called, so it is expensive in terms of your FLASH memory. The compiler will not inline
functions unless you have set the optimiser to its “O2” level.

2.11.1 Inline Assembler

The compiler also allows you to use ARM or THUMB Assembler instructions within a C file. This can be done as
shown below:

asm ( “mov rl15,r2” );

This can be useful if you need to use features that are not supported by the C language, for example the MRS
and MSR instructions.

2.12 Linker Script Files

Once you have written your source code and compiled it to object files, these files must be linked together to
make the final absolute file. StartEasy generates the necessary linker switches and also a linker script file that
describes the target memory layout to the linker, so it knows how to build the final application. The linker is
invoked with the following switches:

Id Id_opt -0 <project_name>.elf

where |d_opt is:

-T_\objects\<linker_file>_ld --cref -t -static -Igcc -Ic -Im -nostartfiles -
Map=<project_name>_map

The linker script file is saved to your project directory and is given the extension .Id. It is important to understand
the structure of this file as you may need to modify it as your application code grows. The linker script file is a
structured text file with a number of sections that describe your project to the linker. First some search paths are
defined for the compiler libraries. These search paths are defined in StartEasy and must point to the libraries of
the GCC installation you are using:

SEARCH_DIR( "C:\Program Files\Hitex\GnhuToolPackageARM\ARM-hitex-elf\lib\interwork"

)
SEARCH_DIR( "C:\Program Files\Hitex\GnuToolPackageARM\Iib\gcc\ARM-hitex-
elf\4._0.0\interwork™ )

The GCC compiler comes with several builds of the libraries. The version selected here supports ARM THUMB
interworking. The next section in the script file defines the list of input object files that make up the complete
project:

GROUP ( objects\startup.o
objects\main.o
objects\interrupt.o
objects\THUMB.o )
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If you add any additional source modules to your project you must update this list manually or regenerate the
project with StartEasy.

Following the group section is the target memory layout:

MEMORY

{
IntCodeRAM (rx) : ORIGIN = 0x00000000, LENGTH = 256k
IntbataRAM (rw) : ORIGIN = 0x20000000, LENGTH = 64k

}

This section defines the size and location of the target memory. The description above describes the memory
configuration of an STR7 used as a single chip device with 256k of FLASH memory starting from address
0x0000000 and 64K of RAM starting from 0x20000000. Later on, when we look at the external memory interface
of the STR7, we will look at laying out code for targets with external memory. The final user section describes how
the application code should be laid out within the target memory.

SECTIONS

The description of the application code is split into two basic sections, .text and .data. The .text section contains
the executable code and the code constants, basically anything that should be located in the FLASH memory.
The .data section allocates all of your volatile variables into the user RAM.

-text :
{
__code_start__ = _;
objects\startup o (.text) /* Startup code */
objects\*.o (-text)
. = ALIGN(4);
code end__ =

*(.glue_ 7t) *(. glue 7

} >IntCodeRAM = 0O

The text section ensures that the startup code is assigned first, so it will be placed on the reset vector. Then the
remaining application code is assigned locations within the FLASH memory. The align command ensures that
each relocatable section is placed on the next available word boundary.

.data : AT (_etext)
{
/* used for initialized data */
__data_start__ = .
PROVIDE (__data_ start =) ;
*(.data)
SORT(CONSTRUCTORS)
__data_end__ = .
PROVIDE (__data end =) ;
} >IntDataRAM
= ALIGN(4);

The .data section allocates the user variables into the on-chip RAM defined for the STR7.
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2.13 C++ support

The GCC compiler is a C and C++ compiler, so while the examples in this book concentrate on using the C
language, it is also possible to build a program using the C++ language and make use of its richer programming
constructs. This is really outside the scope of this book, but an example is included here to get you started if you
want to use the C++ language.

Exercise 5: C++
This example demonstrates how to define a C++ project with the GCC compiler and then
builds and debugs it within the HITOP IDE
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2.14 Hardware Debugging Tools

ST Microelectronics have designed the STR7 to have the maximum on-chip debug support. There are several
levels of support. The simplest is a JTAG debug port. This port allows you to connect to the STR730 from the PC
for a debug session. The JTAG interface allows you to have basic run control of the chip. That is you can single

step lines of code, run halt and set breakpoints and also view variables and memory locations once the code is
halted.

PC

Vee 5V Vee 5V
1 2
TRST— 3 4
D0 — 5 [
™S — 7 8
TCK—— 9 10
RTK — 11 12
TDI — 13 14
RST — 15 16
17 18
10 kQ | — 119 20

The JTAG connects to the target through a special debug port, which must be added to your target hardware. The
JTAG socket has a standard layout which is common to all ARM7-based devices. The JTAG is brought out of the
STRY7 by seven dedicated debug pins. This means that the debug port does not compromise the GPIO ports or
the on chip peripheral inputs and outputs.

It is also worth noting that the even pins on the JTAG connector are mostly ground connections. This means that
if you accidentally plug your JTAG debugger in back to front, you will pull all of the signal lines to ground and
possibly damage the Tantino. For this reason the evaluation board is fitted with a polarised socket to prevent this

mishap. If you are designing your own hardware, it is recommended that you fit the same style of socket rather
than just a bare header.

© Hitex (UK) Ltd. Page 37



hitex

DEVELOPFMENT TODLE

Chapter 2: Software Development

==
1T Jumer
o= 34
o= Normal Oparation ®
3 JTAG-Dubugger
] m £ M
6_| o T
o =
o e >
Ak E fdE  mac conmecron
e
S—= FECET ‘
3 3
8 i
%
ke
| — L v
— LR
g E—
Red, [ )w: =
BLELEE b
o
mm mm o

2.15 Important

As mentioned above, the JTAG port is a simple serial debug connection to the ARM7 device. It is very important
to understand its behaviour during reset. If the ARM7 CPU is reset, all of the peripherals including the JTAG are
reset. When this happens the Tantino debugger loses control of the chip and has to re-establish control once the
STRY7 device comes out of reset. This will take a finite number of clock cycles. While this is happening, any code
that is on the chip will be run as normal. Once the Tantino gets back control of the chip, it performs a soft reset by
forcing the PC back to address zero. However the on-chip peripherals are no longer in the reset condition, i.e.
peripherals will be initialised, interrupt enabled etc. You must bear this in mind if the application you are
developing could be adversely affected by this. A simple solution is to place a simple delay loop in the startup
code, or at the beginning of main(). After a reset occurs, the CPU will be trapped in this loop until the Tantino
regains control of the chip and none of the application code will have run, leaving the STR7 in its initialised
condition. A macro is included in the startup code to provide this delay:

-macro StartupDelay delay_value

ldr R1, =\delay_value

Idr R2, =0
__StartDelay:

sub R1, R1, #1

cmp R1, R2

bhi __StartDelay

-endm

This macro is called at the entry point to your application. It is only required for debugging and should be removed
on the released version of the code.

ResetEntry:
StartupDelay 300000
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2.16 Summary

So, by the end of this section you should be able to set up a project with StartEasy and HiTOP, select the
compiler options and the variant you want to use, configure the startup code, be able to interwork the ARM and
THUMB instruction sets, access the STR7 peripherals and write C functions to handle exceptions.

With this grounding we can now have a look at the STR7 system peripherals.

© Hitex (UK) Ltd. Page 39



hitex

Chapter 3: System Peripherals - o
DEVELOPMEMNT TOOLE

3 Chapter 3: System Peripherals
3.1 Outline

Now that we have some familiarity with the ARM7 core and the necessary development tools, we can begin to
look at the STR73x device itself. In this section we will concentrate on the system peripherals, that is to say the
features that are used to control the performance and functional elements of the device. This includes the on-chip
FLASH and SRAM memory, clock and power control subsystem and the on-chip DMA control units. Finally we will
take a look at the STR7 interrupt structure and the advanced support provided by ST to supplement the two CPU
interrupt lines IRQ and FIQ. This is a key chapter in understanding how ST have integrated the ARM7 CPU into a
standard microcontroller architecture.

Program memory RA Timer functions m 1/0s (high Supply :
Part b Packages Special features
ENAE] Flash (KB) 15 bit (CIOCIPW | Others [Interface | current) ¢ voltage P

STR731FV0 12x10-bit 15 (12/112/12) TQFP100 3xCANSs, 16xDMAs, on-chip RC oscillator
STR736FV0 12x10-bit 15 (121212) TQFP100 16xDMAs, on-chip RC oscillator
STR730FZ1 128 16 16x10-bit 19 (20/20/16) 1 12 {0) TQFP144/LFBGA144 3xCANSs, 16xDMAs, on-chip RC oscillator
STR731FVA 128 16 12106t 15 (121212) axply 7200  TQFPI00 3xCANs, 16xDMAs, on-chip RC oscillator
STR735FZ1 128 16 16x10-bit 19 (20/20/16) WDG, oxCsf 112(0) TQFP144/LFBGA144 4.5to 16xDMAs, on-chip RC oscillator
STR736FV1 128 16 12x10bit 15 (12A22) RTC  , UARTs _ 72(0)  TQFP100 55V 16xDMAs, on-chip RC oscillator
STR730FZ2 256 16 16x10-bit 19 (20/20/16) 112(0) TQFP144/LFBGA144 3xCANs, 16xDMAs, on-chip RC oscillator
STR731FV2 256 16 12x10-bit 15 (12/12/12) 72(0) TQFP100 3xCANs, 16xDMAs, on-chip RC oscillator
STR735FZ2 256 16 16x10-bit 19 (20/20/16) 112(0) TQFP144/LFBGA144 16xDMAs, on-chip RC oscillator
STR736FV2 256 16 12x10-bit 15 (121212) 72(0) TQFP100 16xDMAs, on-chip RC oscillator
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3.2 Bus Structure

To the programmer the memory of all STR7 devices is one contiguous 32 bit address range. However the device
itself is made up of a number of buses. The ARM7 core is connected to the “Advanced High performance Bus”
(AHB) which is a bus structure defined by ARM. As its name implies, this is a high-speed bus running at the same
frequency as the ARM7 CPU. The on-chip FLASH and RAM memory are connected to the CPU via this bus,
along with the power and clock control unit, and the DMA units. All the remaining peripherals are located on a
second bus called the “Advanced Peripheral Bus” (APB). This bus is again a standard bus structure defined by
ARM. The APB bus is connected to the AHB bus by a bridge. This bridge contains a clock divider and access
protection registers. The clock divider allows the APB busses to run at lower speeds than the main AHB bus. This
is useful if you want to run the CPU at full speed but clock the peripherals at a slower speed to conserve power.
Access to an unused region of memory within the APB region will cause the APB bridges to force a memory abort
interrupt on the ATM7 CPU.
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The STR7 has two internal busses. A high speed bus to connect the CPU with the
FLASH and RAM and a peripheral bus. The busses are joined by a bridge which

allows access to the user peripherals. The DMA units have their own dedicated
bridge.

[

lf AW a3

The STR730 has four DMA units which can transfer data between peripherals and memory, peripheral to
peripheral or memory to memory. Although the DMA units are located on the high speed bus they have a
dedicated bridge to the peripheral bus. When a DMA transfer is in operation it locks the bus preventing the CPU
from executing instructions. However using the DMA units to transfer data is much faster by about a factor of four
than software running on the CPU.

© Hitex (UK) Ltd. Page 41



Chapter 3: System Peripherals hm_

DEVELOPFMENT TODLE

3.3 Memory Map

Despite the internal bus structure the STR7 has a completely linear memory map with the general layout shown
below.

(1 B0 D00

Despite having several separate internal busses,
the STR7 memory map is completely linear and is
defined by the CPU’s 4Gbyte address space.

The on-chip RAM is located at 0OxA0O000000 and is 16K in size. The on-chip FLASH is at 0x80000000, with up to
256K of memory. Unlike the STR71x devices, the STR73x CPUs are true single-chip microcontrollers with no
external bus. The main system peripherals are the CONFIG registers, located at 0x40000000 which control the
boot mode of the STR730. Above these is the Power and Clock Control Unit at 0x60000000. The APB bus
appears at OxFFFF0000 to OxFFFFFFFF. Each peripheral on the APB bus is allocated a 4k address space, giving
plenty of room to layout the Special function registers (SFR) of complex peripherals. Finally the Enhanced
interrupt controller appears at the very top of the ARM7 address space. Although this unit is on the AHB bus, its
registers are fixed at the top of the ARM7 address space. We will see the reason for this when we examine the
STRY interrupt structure.
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In the first chapter we saw that the ARM7 CPU has its exception table fixed at 0x00000000 and that reset will
cause the CPU to start executing from 0x00000000. The STR7 does not have any fixed memory at this address,
however any memory resources (on-chip FLASH, RAM or system memory) may remapped to appear at
0x00000000. The type of memory mapped at zero is selected by two external processor pins, M1 and MO. This
allows us to boot from on-chip FLASH or a factory programmed bootloader. During development, we can debug
out of RAM, removing the need to continually burn the FLASH memory. The bootloader is discussed later but it is
stored in a block of system memory and can be used to download a user bootstrap program into the on chip RAM
via the serial port. Also these memory regions may be remapped on-the-fly, so it is possible to copy the interrupt
vector table and interrupt routines into RAM and then map the RAM to zero. This allows us to run code from RAM
at zero wait-states for very fast interrupt handling. Finally whenever any of the memory regions are remapped,
they appear both at 0x00000000 and at their original locations. The boot configuration can be read via
configuration register 0 and the remap bit in the same register allows the on-chip RAM to be mirrored at
0x0000000, replacing the FLASH memory which can still be read at it native location of 0x80000000.

0 1] User1 BOFO & Ox0 All sectors wisible except Sys Mem

] 1 User? BOFO & Ox0 All sectors visible except Sys Mem &
BOF1

1 0 Syshlem Syshdem & 0x0 -

The configuration of the external boot pins selects which memory resource is mirrored at the reset vector.
The BOOT control register allows this to be changed dynamically.
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The STRY7 development board has two jumpers that allow you to select the state of these pins. The most common
error when downloading a first program is simply having these jumpers incorrectly set.

3.4 On-Chip FLASH

The STR730 has a block of User FLASH located at 0x80000000. Depending on the STR730 variant, the size of
the User FLASH can be 64K 128K or 256K. The FLASH memory is organised in one contiguous block but for
programming purposes it is arranged as a number of sectors. These sectors vary in size from 8K up to 64K. The
smaller sectors are located towards the bottom of memory and are intended to hold BIOS or bootloader code
plus code constants that may be updated from time to time.

Cyitarr Llamauly BE

Flash Paspiaisd) 8

The STR730 has up to 256K of on chip FLASH
memory. An additional 8K of system FLASH
memory is factory programmed with a
bootloader which can be used for production
programming or field upgrades.

All of the FLASH sectors can be protected
against erasure. Small 8K sectors are provided

BOFT B4K to hold permanent boot code.
BOFE GAK

BOF& BaK

BaOF4 YK

BoF) BE

BoF2 8K

fi0F1 BE

BOTF RE

As we saw in Chapter 2, the STR7 can be programmed in circuit using the JTAG debug port and this is the fastest
method of programming the on-chip FLASH. However the STR730 contains a factory-programmed bootloader
which provides an integral method of programming the on-chip FLASH.
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3.5 The System Memory Mode Bootloader

In addition to the user FLASH memory the STR730 contains an 8K block of FLASH memory that is located at
0x10C0000 and is factory programmed with a bootloader program. When system mode is selected via the MO
and M1 pins, this block of memory is mirrored to 0x00000000 and after reset the STR730 will enter into the
bootloader program.

The bootloader monitors the UARTO RX pin and waits for a terminal program to send the value “0x00” as a serial
character, with the format eight data bits, no parity, one stop bit. The bootloader can then determine the baud rate
by measuring the time between the start and the stop bits. Once the autobaud rate detection has been performed,
the bootloader will expect a further 128 bytes of data which it will store in the on-chip RAM, starting from
0xA0000000. Once the 128 bytes have been downloaded, the bootloader will force a jump to 0xA0000000 and
start to execute the downloaded data as a program. This program may be used to download a larger application
into RAM, or may be a simple FLASH programming algorithm that is used to update the on-chip FLASH memory.
Since the main delay in programming the on-chip FLASH is downloading the code into the chip via the serial port,
it is possible to download the loader program using the bootloader and UART, and then load the application code
by a faster serial interface such as the SPI port or even a custom parallel interface. For volume production
programming, you have the option to use the JTAG port or the bootloader combined with a fast serial port.

Once the STR730 has been programmed with your application code, the bootloader is still resident in the system
memory and could potentially be used to copy the on-chip FLASH memory. If you are concerned about the
security of your code, part of the production process should be to erase the on-chip bootloader and disable the
JTAG debug interface.

Exercise 6: Bootloader

This exercise demonstrates using the bootloader to download a program image into the on
chip SRAM and then passing control to this application. This is the basis of a boot-loaded
FLASH programmer
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3.5.1 User FLASH Programming

The on-chip FLASH is arranged as word-wide (32-bit) memory. Each sector can be erased independently the
FLASH can be written word- or double-word wide. Once written, each sector can be protected against an erase.
It is also possible to disable the JTAG port to prevent the internal FLASH from being read. As the FLASH memory
is arranged in one bank, it is necessary to load any FLASH programming algorithm into the on-chip RAM where it
can run and reprogram the FLASH. The actual programming of the FLASH memory is controlled by the FLASH
program erase controller (FPEC). The FPEC is a common unit between the STR710 and the STR730.
Consequently it has some programming fields that refer to a second FLASH bank that is only available on the
STR710 variants. In the diagrams below these are shown in the shaded boxes.

The FLASH program and erase controller
(FPEC) allows in application programming of
both banks of the STR7 on chip FLASH
memory

Prior to programming the FLASH memory you must first perform an erase operation. Within the STR7 you can
erase an individual sector or the entire FLASH.

15 14 13 2 1 0 9 [ 7 i} b & 3 2 1 1]
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FPEC Control register 0. This register allows you to easily perform a FLASH sector erase and either a 32 or
64 bit FLASH programming operation.

To perform the erase operation, set the sector erase (SER) bit in control register 0 then select the sectors to be
erased in Control register 1. Finally start the erase operation by setting the WMS bit in control register 0. To
erase an entire flash memory you must set all the sector bits.
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FPEC Control register 1. The second FPEC control register allows you to select the FLASH sector or sectors you
wish to erase prior to starting the erase operation in control register 1.

void erase_FLASH (unsigned int sector)

{
FLASH_CRO I= 0x08000000; // Set Sector Erase bit
FLASH_CR1 |= sector; // Select bl sector 0
FLASH_CRO I= 0x80000000; // Start the erase operation
while (FLASH_CRO &0x00000010) // wait for the lock bit to clear
{
}
while (FLASH_CRO &0x00000004) //wait for the busy bit to clear
{
}

3

Programming a FLASH cell is a similar simple operation. First you must select whether you are going to program
a word or double word by either of the WPG or DWPG bits in FLASH control register0. Next write the word
address of the location you want to program into the FLASH address register and the data to be programmed into
the FLASH data register. Then to start the programming process, set the WMS bit in control register 0.

void write_FLASH_32 (unsigned int address, unsigned int data)

{

FLASH_CRO |= 0x20000000; //Select word wide programming
FLASH_AR = address;
FLASH_DRO = data;
FLASH_CRO |= 0x80000000; //Start the FEPEC writing
while (FLASH_CRO &0x00000010) //wait for the lock bit to clear

{

3

while (FLASH_CRO &0x00000004) //wait for the busy bit to clear

{

}

During either the FLASH erase or write operations, the busy bit in control register O will be set and then cleared
when the hardware has finished the operation. While the write or erase operation is in progress, it is not possible
to access the FLASH. So if you are updating one sector it is not possible to execute code in another sector. Since
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this may cause problems, especially during sector erase operations which take a relatively long time, it is possible
to suspend a FLASH programming operation then access the FLASH memory to execute some code and finally
resume programming of the FLASH memory. To suspend FLASH programming operations, simply set the
suspend bit in FLASH control register 0. You can then access the FLASH bank when the busy and lock bits in
the same register have been reset by the FPEC. Once you have finished accessing the FLASH bank you can
resume the FLASH programming operation by clearing the suspend bit and then reprogramming FLASH control
register 0 with the same values used to start the operation. Finally set the WMS bit.

© Hitex (UK) Ltd. Page 48



Chapter 3: System Peripherals

NELOPFMENT TODLE

3.5.2 FLASH Memory Protection

The STRY7 has two memory protection methods for the FLASH memory. It is possible to write protect sectors
within either bank to protect against accidental write operations. You may also set debug protection, which is
intended to prevent software piracy.

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

PDS[15:0]

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PEN[15:0]

Debug protection is set by clearing the DBGP bit in the FLASH access protection register. This disables the JTAG
preventing any development tool from connecting to the STR7. The JTAG interface may be re enabled by setting
this bit back to one. Generally you should not attempt to set and clear this bit during development, just clear it on
production boards if you want to protect the FLASH. Since this register is a non volatile you must write and erase
it as if it were a standard FLASH cell with code running from the on-chip RAM.

3.5.3 Code Enable And Disable Debug Protection

Setting the DBGP bit directly will only cause a temporary unprotect. The JTAG will again be disabled after the
next reset. The FLASH_nvaccess protection register allows you to permanently re-enable the JTAG peripheral.
The register is split into two half words, both set to OXFFFF in a new device. The bits in the lower half word are the
protection disable bits PDS 15-0. The upper half word contains 16 protection enable bits PEN15-0. Each of these
bits is a fuse so that once it has been burnt to zero, it cannot be reset back to one. So starting from the lowest
order PDS bit we can write PDS bit 0 to zero and disable protection. Then protection may be re enabled by writing
its matching PEN bit to zero. We can repeat this cycle using the next lowest order pair of bits to disable and re-
enable protection until all 16 pairs of fuses have been used.

You may also set write protection on the STR7 FLASH sectors. The FLASH non-volatile write protection register
(FLASH_NVWPAR) contains a bit for each sector in bank zero and bank one. By writing these bits to zero you
assert write protection on a given bank. If you wish to update a protected bank you must first write the protection
bit back to one before accessing the sector with a write operation. This unprotection method is only a temporary
unprotect since the sector will revert to being a protected sector as soon as the processor is reset.

Exercise 7: FLASH Programming
This exercise demonstrates programming a FLASH sector with program constants
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3.5.4 Low Power FLASH Modes

When the STRY7 enters its low power mode (“Low power wait for interrupt” - see section 3.17), the FLASH
memory can be configured to power down so that is consumes a minimal standby current. Once a peripheral
generates an interrupt and wakes up the CPU there is an additional delay to allow the FLASH memory to re
charge before processing can resume. If the low power FLASH mode is not enabled, the FLASH memory power
consumption is still automatically reduced when the STR730 enters its low power mode, it just does not reach its
minimum consumption. However in this case the FLASH cells are still charged, so processing can resume
immediately the CPU wakes up.

3.5.5 System Peripherals

The STR730 contains three blocks of registers that may be configured to control the overall performance of the
device after it comes out of reset. These blocks are the configuration registers, the power reset and clock control
registers and the clock monitor unit. They are to a certain extent interrelated and in the next section we will have a
look at each of these peripherals in turn to see how they effect the operation of the STR730.

3.5.6 Configuration Registers

The system configuration registers are a group of 14 registers that control and report on the fundamental
operation of the STR730.
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The configuration registers enable the peripheral clocks. You
must ensure each peripheral clock is enabled before a given
peripheral can be used.
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The configuration registers may be split into four groups; system configuration, external interrupt configuration,
peripheral clock configuration and emulation configuration.
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Configuration Register 0 reports the device boot mode and debug state of the STR730. This register is
also used to remap the ram and enable DMA support

The first two registers in this block are used to perform the system configuration functions. Configuration register
0 contains four read-only flags SYS,USER1,USER2 and JTBT that report the boot mode as either system, user 1
or user 2 (see the memory map section) . The JTBT reports that the STR730 has booted in system mode and a
JTAG debugger has downloaded a FLASH loaded program into the on-chip RAM. The DMA flags are used to
configure two of the sixteen DMA data streams. These are discussed in more detail in the DMA section at the end
of this chapter. Finally the REMAP bit is used to mirror the on-chip RAM starting at 0x00000000. This allows you
to download code via the JTAG into the RAM, removing the need to repeatedly program the on-chip FLASH. This
is useful in that this method of downloading is fastest and your JTAG tool can set multiple software breakpoints in
the RAM rather than be limited to the two hardware breakpoints in the JTAG module. On the downside, your code
is occupying the valuable on-chip RAM, limiting the amount of data space available to your application. Normally
remapping the RAM to 0x00000000 is used in development. However the on-chip RAM has a much faster
access time than the FLASH so code will execute fastest when loaded into the RAM. If you need a low interrupt
latency, it would be possible to copy the vector table and interrupt routines into the RAM in and then remap the
RAM to 0x00000000 so that the fastest executable memory is used to serve the STR730 interrupts
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Configuration register 1 controls the FLASH power on delay, low power regulator and wake up
configuration

The second configuration register allows you to configure a power-on delay for the on-chip FLASH. This is
necessary if you have entered the wait-for-interrupt low power mode and disabled the main on-chip regulator. The
power-on delay allows the STR730 to exit from the low power mode and the power supply from the regulator to
stabilise before the CPU is allowed to access the FLASH. The power-on delay field consists of four bits that
define the delay in clock cycles, as given below.

Power on delay = FPLOD x 64 xTCK2 if the RC oscillator TCK = 2MHz

Power on delay = FPLOD xTCK32 if the RC oscillator = 32KHz

The main oscillator stabilisation time is given as 5msec in the data sheet hence suitable values for FPLOD are;
FPLOD = 0x9C TCK = 2MHz

FPLOD = 0xA3 TCK = 32KHz

The STR730 has an additional STOP low power mode, which has a dedicated wake-up unit. The wake-up unit
has 32 input lines that are normally connected to GPIO pins that can be used trigger a wake-up of the STR730.

The WUPOS bit in configuration register 1 is used to configure wake-up line 0. This input line to the wake-up unit
may be connected to a dedicated wake-up timer or a dedicated WUPO pin. When the STR730 enters a power
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down mode, an additional low-power voltage regulator is used to maintain the peripherals, CPU and RAM
contents. Control register 1 can control the maximum current output from this regulator by setting the bits in the
LPVRCC field. The current output from the low power voltage regulator is set to 4mA after reset but it is possible
to disable each of the user peripherals so that the power requirement can be lowered to 2mA.

CFG_RO
CFG_R1

0x00000030;
0x000000**

The next three registers in the configuration block are used to configure the external interrupts. These will be
discussed later when we look at the STR73x interrupt structure but essentially the three registers define the
trigger event for the external interrupt line. This may be edge-sensitive (rising or falling edge or both) or level
sensitive.

The next seven registers are used to manage the peripheral clocks. With these registers you can enable and
disable the clock to each peripheral. These registers also give you the option to freeze the peripheral in its current
state or the stop the clock and reset the peripheral. If the peripheral is frozen the clock may simply be restarted
and the peripheral will pick up from were it left off. Intelligent use of these registers will help you reduce both the
overall power consumption of the STR730 and its electromagnetic emissions. The peripheral clock management
registers also allow you to select the clock source for the ten general purpose timers. The clock source may be an
external clock source or may come directly from the main external oscillator (via a prescaler) “Fext”.

3.5.7 Important Note

After reset, the peripheral clock gating registers are initialised to disable all the peripheral clocks. You must first
enable the clock for any peripheral you intend to use before you access any register within the peripheral.

The two peripheral clock gating registers contain a series of bits which are used to enable or disable the clock to a
specific peripheral. If the bit is set the peripheral receives the clock signal. If it is reset the clock is switched off
and the peripheral is held in reset. The peripheral clock gating B registers contain the same series of bits and are
used to mask the reset function. If the bit for a given peripheral is set, when the clock gating registers disable the
clock, the peripheral will be frozen rather than reset.

CFG_PCGO = OX7BFFFDF7; // Enable all peripheral clocks

CFG_PCG1 = Ox60FF73F9;

CFG_PCGBO = 0x00000000;

CFG_PCGB1 = 0x00000000;

CFG_TIMSR = 0x00000000; // Select the Fext clock source for each timer

Finally the timing external clock select register defines a bit for each of the ten timers. After reset, each of these
bits is set to zero and the timers will take their clock source from an external clock via the input capture A pin
(ICAPA). If you set these bits to one the timers will be clocked directly from the main oscillator, “Fext”.

In addition to configuring how the STR730 will run for your application code, the configuration registers have
some interesting features which can be used to extend the JTAG debug features. The peripheral emulation clock
gating registers are used to control the behaviour of each peripheral clock when the CPU enters JTAG emulation
mode. Like the peripheral clock gating registers discussed above, each peripheral has a dedicated bit, located
within the 64 bits of these two registers. If this bit is cleared the peripheral clocks will be halted, when the chip is
under JTAG control. This keeps activity of the peripherals “cycle-accurate” to the code running on the CPU.
Finally the Emulation serial protection register provides additional debug support for the buffered SPI and UARTS.
Both of these peripherals have receive FIFO’s. If these FIFO'’s are read by the debugger the data is removed
from the FIFO buffer and will be lost to the application software. If serial protection is enabled for these
peripherals, the FIFO receive buffers can be read when the STR730 is in emulation mode, without removing the
data.
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3.5.8 STR7 Power supplies

The STR730 runs from a single 5V supply. This 5V is used to power the on-chip FLASH and RAM memories and
to supply the 10 pins, which are all 5V tolerant. The on-chip peripherals and the CPU are run from an internal
1.8V supply. The external V18 pin is not a supply pin but should be connected to ground via a capacitor in the
range 100nF — 10 uF.
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On chip regulators are used to derive the 1.8V core and peripheral supply from an external 5V source.

During normal operation this 1.8V is generated from an on-chip voltage regulator. When the STR730 enters its
low power modes the main voltage regulator is disabled and the 1.8V supply is generated from an additional on-
chip low power regulator. The low power regulator maintains the CPU registers and any peripherals that are
running while the CPU is halted. The voltage regulator register in the Power reset and clock control unit is used to
configure switching between the main and low power voltage regulators
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The on chip power supplies can be configured with the Voltage regulator register in the PRCCU.

This register allows the main regulator to be disabled by setting the VROFF_REG bit so that the STR730 is
running from the low-power regulator. If the low-power regulator is selected, the PLL will automatically be disabled
and the STR730 will run from the external oscillator divided by 16. If the main voltage regulator is used the
VRLPW bit allows you to select which regulator is used in low power mode. This may be either the main regulator
or the low power regulator and effects the power consumption and wake up time of the STR730. Depending on
the configuration of the chip (operating speed and number of peripherals enabled) the maximum output of the low
-power regulator can also be defined in the configuration registers (Configuration Register R1 )

3.5.9 Low Voltage Protection

The STR730 has two low-voltage detect circuits built into its power supply. These are used to protect the CPU
and peripheral supply plus the FLASH memory supply. If either supply falls below a safe operating level the chip
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will be forced into reset until the power supply resumes its operating level. If the STR730 has reset because of a
low power error, the LDV_INT bit will be set in the clock flag register of the power reset and clock control unit.

3.6 Clock Structure

Before we look at these operating modes it is necessary to understand the clock structure of the STR7 and the
different clocking domains that exist within the STR730.
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The STR730 has several clock domains that are derived from the two external oscillators and the on chip RC
oscillator.

The STR73x has two oscillators. One of these is an external crystal oscillator which must be between 4-8 MHz
and the other is an internal backup oscillator, which is capable of running at either 2.MHz or 32.768KHz. Both of
these clocks are managed by the Clock Monitor Unit CMU. The CMU selects either of these clock sources as the
input to the power reset and clock control unit (PRCCU). The clock control unit within the PRCCU derives the
main system clock. The system clock is called Mclk and it is used to drive the CPU, memory and peripherals.
Mclk is applied directly to the CPU and memory but passes through a further control block before it reaches the
peripherals. Since the peripheral control block and the clock control unit may be used to dynamically change the
frequency of Mclk, the timers, real time clock and watchdog are clocked by a separate clock called “Fext”, which
is derived directly from the main oscillator. This allows your application software to adjust the STR73x system
clock without disturbing the timebase used by the various timer blocks. The backup oscillator will run at 2MHz
when the STR730 comes out of reset. If you want the backup oscillator to run at 32KHz from reset this can be
achieved by adding a 1.3Mohm resistor to the Vyiss pin. Alternatively if the resistor is not present the STR730 will
boot at 2MHz and may be adjusted to 32KHz by setting the RCFR bit in the control register

This register also controls the behaviour of the backup oscillator in the low power modes and we will look at this a
little later.
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The STR730 builds on the low power consumption of the ARM7 CPU to provide additional power
down modes and a flexible clocking scheme .
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3.7 Setting Up The Clocks

The two system clock oscillators available to the STR7 are controlled by the Clock Monitor Unit CMU. The CMU
selects an oscillator to be an input to the power reset and clock control unit, which in turn provides the main
system clock MCLK. The two oscillator sources are the external oscillator or the main clock and the on-chip
oscillator called the “backup oscillator”.

After reset or an exit from a power down mode the CMU will select the backup oscillator as the STR73x clock
source while the external main oscillator stabilises. Once the external crystal is stable, the CMU will switch to the
main oscillator and The STR7 can run up to its maximum frequency of 38MHz. Once the main oscillator is
providing the system clock, the CMU will continue to monitor it and will switch back to the backup oscillator if the
main oscillator fails. This approach not only boosts the performance of the STR73x as it leaves reset but also
helps save power as the CPU can start processing well before the main oscillator has stabilised. The same
method is used when exiting the low power STOP mode. This ability to rapidly resume processing after a reset of
exit from STOP mode is a big advantage for low power applications.
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When power is applied to the STR730 it will pass through a reset phase before it begins processing instructions.
During the reset phase the backup oscillator will automatically be selected. The STR730 takes a total of 418
cycles or about 209usec to initialise and start processing instructions from the reset vector. After the initialisation
phase the STR7 will start to run your application code using the 2MHz backup oscillator.
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The CMU is used to select the clock source as either the on chip RC oscillator or the external
oscillator.
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From reset or power down the STR730 takes around 209 usec to start processing instructions from the reset
vector. This start-up time is achieved by using the on chip RC oscillator while the external crystal is still stabilising
Within the CMU is a dedicated oscillator counter which provides a time delay for the main oscillator to stabilise.
The oscillator counter counts pulses from the main oscillator starting from the external reset signal. At the end of
this time delay, which will be about 5msec for an 8 MHz crystal, the CMU will assume that the external oscillator
has stabilised.
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The control register in the CMU is used to configure the STR730 oscillators during
running operation and low power modes

Once the oscillator counter reaches its end of count, an interrupt may be generated and the EOC bit will be set in
the interrupt status register. When this event occurs, the application code can exchange the backup oscillator for
the main oscillator by setting the CLKsel2 bit in the control register. Since the CMU registers effect the
fundamental performance of the STR730 they are protected from accidental writes. Before any register within the
CMU can be written to, a “key “ value must be written to the Write enable register. The key value that unlocks
access to the registers is 0x50FA followed by OxAF05.

CMU_WE = Ox50FA; // Write the key values to unlock the registers
CMU_WE = OxAF05;
CMU_CTRL = 0x00000185; // Enable the external oscillator as the
// clock source
XTALY Main
5 —_—
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Backup
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The CMU selects the external or on chip oscillator. This clock source is conditioned by the Power
reset and clock control unit (PRCCU) to provide the CPU and peripheral clocks.

The clock output of the CMU is fed into the Power reset and clock control unit which conditions the oscillator clock
and provides the system clock MCLK. The clock control unit within the PRCCU contains a Phase Locked Loop
(PLL) that can multiply the main or backup oscillator up to the maximum system clock frequency of 36 MHz. The
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clock control unit also contains alternate clock paths which may be selected to divide the oscillator frequency by
2, 16 or 32. As a rule, the divide by 2 path should be always be selected because this also acts as a filter and
ensures an even mark space ratio for the system clock. The frequency of MCLK may be dynamically changed
within the clock control unit by your application software. This is typically done to manage the power consumption
of the STR730. The system clock is also used to provide the clock for each of the peripherals. Before it reaches
each peripheral it is gated through a dedicated peripheral control block, which is used to enable/disable the clock
for each peripheral. In the case of the timers it is possible to select the main oscillator or an external clock as the
timer clock source via the Timer External Clock select register that is part of the configuration register block.

3.8 Clock Protection

As well as providing the back up oscillator the clock monitor unit also contains a frequency meter that can be used
to monitor the external oscillator or the output of the PLL. If the monitored clock signal fails or exceeds a
reference value the SRT730 can be reset or alternatively an interrupt may be generated. It is also possible to
generate an interrupt if the monitored clock signal dips below a selected reference frequency. In this case an only
an interrupt is generated.

The frequency meter in the CMU is able
to provide an approximate frequency
Feksys > hfref value for selected clock sources.

or F:ksys < F:k

Maximum and minimum operating limits
can also be defined to provide an
additional level of operating security.

The CKSEL1 bit in the control register allows you to select either the external oscillator or the PLL output as the
clock source to be measured by the frequency meter. Once the clock source to be measured has been selected,
setting the SFM bit will begin the frequency measurement. When a result is ready the SFM bit will be cleared and
the approximate value of the measured frequency can be read in the frequency display register. The frequency
held in the display register can be calculated with the following formula

Fin = (FDISP/16) x MCLK

As well as displaying the clock frequencies the frequency meter can monitor the selected clock signals and trigger
a reset or interrupt when the cross a pre-determined threshold. The upper frequency threshold is stored in the
Frequency Reference High register and the lower threshold is held in the Frequency Reference Low register. The
values to be stored in these registers to set the max and min limits may be calculated with the following formula

Register value = (Fref x MCLK)/16
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3.9 Power, Reset and Clock Control Unit (PRCCU)

Once the clock source leaves the clock monitor unit it enters the Power Reset and Clock Control Unit. This unit
contains a phase locked loop and several clock divides that allow you to dynamically select a wide range of clock
frequencies, which can then be used to drive the CPU and peripherals.
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The Power reset and clock control unit contains a flexible clock scheme that allows an
application to run the STR730 at full speed or run at low speed for power saving.

The main component of the clock module is used to derive the CPU AHB and APB (Peripheral) bus clock
(MCLCK). During normal operation you will want to derive a MCLK frequency of 36MHz. The evaluation board is
fitted with an 8MHz crystal and the phase locked loop can be used to multiply this frequency to reach a suitable
Mclk value. If the 8 MHz frequency was used as the input to the PLL the maximum value of Mclk that could be
derived is 32MHz . However the external oscillator can be divided by two before it reaches the input of the PLL. If
we use an input value of 4 MHz to the PLL then the maximum system clock of 36 MHz can be reached. This
divider is controlled by bit 15 in the Clock Flag register. In addition to dividing the CK frequency by two, the divider
also ensures an 50% duty cycle. So if you are using a low-cost oscillator, the divider will make the clock
operation more stable.
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The Clock flag register contains the clock module status flags and also the clock selection
configuration bits .

The PLL can operate from an external crystal as low as 1.5MHz and as high as 5MHz. The PLL is optimised to
operate over two frequency ranges. The first range is between 1.5MHz and 3MHz and the second range is all
frequencies above 3MHz, up to a maximum of 5MHz. Configuration of the PLL is made through the PLL
Configuration register
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The PLL configuration register sets the multiply and divide ration for the main PLL.

For a low frequency external crystal the Frequency Range bit must be cleared. The output frequency is
determined by the multiplier and divider bits. The multiplier bits allow you to multiply up the crystal frequency by a
factor of 12, 16, 20 or 24. The divider can be used to divide the resulting frequency by integer values between 1-
7. Once the multiply and divider bits have been set the PLL will start and once it is stable, the lock bit in the clock
flag register will be set. Before the PLL can be selected as the clock source we must also check that the CPU
supply voltage is OK by checking the VR-OK bit in the Voltage Regulator Control register. In addition the PLL
may be placed in a free running mode by setting the divider bits to one and setting the Free Running Enable bit
(Freen). In this mode the PLL will generate a low frequency clock of 125KHz, 250KHz or 500KHz depending on
the setting of the multiplier and frequency range bits. However you must not enter this mode when the PLL is
being used as the system clock.

So at the output of the PRCCU (see fig. XXX clock structure) we have a choice of running from either external
oscillators or the on-chip RC oscillator. The external oscillator frequency Fext may be divided by 2, 16 or 32 as
well as a high frequency and low frequency outputs from the PLL. These clock sources are selected in the clock
flag register. After a power-on, the selected Fext frequency is passed through to run the CPU as Mclk. The DIV2
bit enables the divide by 2 and CK2_16 bit enables the divide by 16. After a hardware reset the RC 2MHz
oscillator is selected and the divide-by-two prescaler is enabled to give an Mclk of 1 MHz. If the PLL is enabled
and stable it may be selected as the Mclk clock source by setting the CSU_SEL bit. The external watch crystal
may be selected to provide Mclk by setting the Alternate function clock select bit (CKAF_SEL) in the Clock
Control register.

Clock Signal | Description Min Max
Fosc Main oscillator 4 MHz 8 MHz
Typical:
Fre Backup oscillator
29KHz or 2.35MHz
Fex Real Time clock 3.9 KHz 4 MHz
FmcLk Main System Clock - 36 MHz

So if the maximum frequency for MCLK = 36MHz and external crystal = 8MHz, the input to the PLL can be
selected to be external crystal/l2 = 4 MHz. So the PLL must multiply by 9 to give the maximum system clock.
Since the multiplication factors for the PLL are 12, 16, 20 and 28 and the divide factors are integer values 1 — 7
the maximum value we can derive from the PLL is 32MHz

Whille(T(PRCCU_VRCTR & 0x00000004); // Wait until voltage regulator has stabilised

PRCCU_PLLCR = 0x000000F1 // Enable the PLL Fext x16 /2
Whille ('(PRCCU_CFQ & 0x00000002); // Wait for PLL to lock
PRCCU_CFR ]= 0x00000001; // Select the PLL output as Mclk

Exercise 8: Clock Module
This exercise configures the PRCCU clock module to give a 32 MHz CPU clock and enable the
peripheral clocks
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3.9.1 Low Power Modes

We have seen how the STR7 has a very flexible clock generation unit, which can be used to conserve power by
running peripherals or the ARM7 CPU at low frequencies during idle periods. However the STR7 has four specific
power-down modes that greatly enhance its low power operation.

3.9.2 Slow Mode

As we have seen above, we can dynamically switch the clock frequency from a number of sources. By switching
between the PLL and an alternate clock source we can reduce the STR7 power consumption to a few milliamps.
To enter slow mode you can select either CLOCK2 or CLOCK2/16 with the CSU_CKSEL and CK2_16 bits in the
configuration register. However once the clock source is changed the PLL will be disabled and must be restarted
before you exit slow mode

RCCU_CFR = 0x0000A800; // Set Mclk to 0.250MHz
PPRCCU_PLLCR = 0x00000000; // Clear the PLL register
Whille(T(PRCCU_VRCTR & 0x00000004); // Re-select the PLL as the clock source

PRCCU_PLLCR = 0x000000F1

while (1(PRCCU_CFQ & 0x00000002);
PRCCU_CFR |= 0x00000001;

3.9.3 Wait For Interrupt

In wait for interrupt (WFI) mode, the CPU is halted but the peripherals continue to run. WFI mode is entered by
clearing the WFI bit in the system mode register. In this mode Mclk is selected as Fosc/32.

15 14 13 12 i L1 2] B i B 3 i 3 2 1 o

The system mode register allows you to enter the wait for interrupt mode or force system-wide reset.

It is also possible to enter a low-power wait for interrupt mode. In this mode the CPU is halted as described above
and a slow clock is automatically selected to drive the peripherals. This means with an 8MHz external oscillator
MCLK will be running at 250 KHz in low power mode, assuming the /2 prescaler is also in use. By setting the
LPWEFI bit in the clock control register, the FLASH memory will automatically be placed into its low power mode
when WFI power saving is entered.

PRCCU_CCR
PRCCU_SMR

0x00000001; // Enable low power WFI mode
0x00000000; // Clear the WFI bit and enter wait for interrupt mode
// Peripherals are now clocked at Fosc/32
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3.9.4 STOP Mode and Wake-Up Unit

In STOP mode all the STR730 oscillators are stopped but the configuration of the CPU, memory and peripherals
is maintained. The STR730 may be restarted by a dedicated wake up unit allowing it to continue processing.
When the chip comes out of STOP mode it will start-up with the backup oscillator and then switch to the main
oscillator when it becomes stable. The backup oscillator will allow the STR730 to start processing instructions
after around 200usec if the 2MHz on-chip oscillator is used. The chip will switch to the main oscillator when the
count in the CMU oscillator counter expires. By default this is around 5msec with an 8MHz oscillator.

WKUP[31:0]

The wake-up unit allows 32 GPIO lines to be configured
as wake-up pins to exit STOP mode. The wake-up
function can be used in addition to the normal 10 or
alternate pin function

SWY setting

WIU_CTRL

%
t
To PRCCU

Stop ?\Aode Control ‘J
The wake-up unit has 32 dedicated inputs 31 of these lines are connected to the 10 pins allowing a wide range of
external activity to wake up the STR730. Wake-up line 0 can be connected to a dedicated wake-up pin WUPO or
to a wake up timer that can run from the RC oscillator and provide a periodic wake-up signal. To enter STOP
mode you must configure at least one wake-up pin within the wake-up unit to bring the STR730 out of stop mode.
One the wake-up unit is configured the STR730 can be placed in the STOP mode by writing to the STOP bit in
the wake-up control register.

To EIC
IRQ 40

7 ] 5 4 3 H] 4 a
oy STOe T _EN WKUP_INT
, - (] w ]

To avoid accidentally placing the STR730 into STOP mode you must write the sequence “1, 0, 1” to the STOP bit
to enter the low power mode. This bit sequence does not have to appear in consecutive cycles to take effect.
However to make sure that the STOP sequence is fully reset it is best to write two dummy zeros at the beginning,.
This resets the STOP mode state machine and guarantees that the STOP mode will be entered under all
conditions.
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WU_TR = 0x00000001; // Set the wakeup pin trigger level to rising edge
WU_MR = 0x00000001 ; // Enable wake up pin zero

WU_CTRL = 0x00000000; // Write two zeros to clear the STOP mode state machine
WU_CTRL = 0x00000000;

WU_CTRL = 0x00000004; // Write the STOP sequence 1,0,1

WU_CTRL = 0x00000000;

WU_CTRL = 0x000000004;

Once in STOP mode the CPU will consume minimal current and can resume processing in response to a signal
on one of 32 wake up lines. Each wake up line can be individually enabled and can respond to a rising or falling
edge. If a pin is used as a wake up pin it does not lose its normal functionality, so for example during normal
processing a pin could be configured as the SPI clock. Then when the chip enters stop mode any activity on the
SPI bus will wake up the STR730 allowing it to receive the SPI data.

As well as waking up the CPU each wake up line can also generate an interrupt to the CPU. This interrupt can be
used independently of the STOP mode giving the STR730 32 external interrupts in addition to the 16 dedicated
external interrupt lines. We will look at the interrupt structure in the next section but there are also an additional 16
dedicated external interrupt lines on the STR730. The wake-up interrupt is enabled by setting the INT_EN bit in
the wake-up control register. This bit globally enables all the active wake-up pins to generate an interrupt once
they are triggered. The interrupt can also be triggered by writing to the software interrupt register. This register
has a dedicated bit for each of the wake-up lines, setting the bit corresponding to an active wake-up line will
generate an interrupt to the CPU. This can be used as a software interrupt mechanism similar to the CPU SWI
instruction or to simulate an external hardware during development or for power-on testing in the final application.

3.10 Wake-Up Timer

Wake up line 0 is configured with the WUPOQS bit in configuration register 0. If this bit is set the line is connected to
the wake up timer.

IWAKEUP
EC 1 Line0
>

B-bit

| 16-bit
Prescaler

Counter

The wake up timer can be connected to line 0 of the wake up unit to periodically wake up the STR730.
Alternatively it can be used to raise a periodic interrupt.

The wake-up timer is a 16 bit free running count down timer with an 8 bit prescaler. The timer may be clocked
from MCLK or from the backup oscillator. However since MCLK will be halted when the chip enters STOP mode
the on-board RC oscillator should be used.
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The wake up timer is a simple 16 bit counter which can
generate a wake up event or interrupt at the end of
count

3.10.1 Halt

In Halt mode all the STR730 oscillators are stopped. In this mode the only power loss is the leakage current,
which is virtually negligible. The enable the STR730 to enter Halt mode you must set the EN_HALT bit and clear
the SRESEN bit in the clock control register. Then to enter Halt mode you must set the Halt bit in the system
mode register. It is only possible to exit halt mode with an external reset.

PRCCU_CCR = 0x00000800 ; // Enable halt mode
PRCCU_SMR = 0x00000002 ; // Enter halt mode
Quartz RC Main Low Digital
Mode Power PLL Flash ARM7TDMI
Oscillator | Oscillator VReg VReg Modules
HALT OFF( OFF OFF ON® | OFF Power Down OFF OFF
STOP OFF® ON/OFF®! OFF ON® | OFF Power Down OFF OFF(10)
WFI ON/OFF® | ON/OFF® ON ON® | ON? ON OFF® ONJOFF(1)
LPWFI ON/OFF®@ ON/OFF® ON/OFF® ON & OFF Power Down®! OFF®! ON/OFF®"

1) The Quartz Oscillator is not switched-off if the RTC module is running,

2) The Quartz Oscillator may be switched-off only if the CMU is currently selecting the internal RC Oscillator as system clock,
3) The RC-Oscillator is switched-off if bit RCHSE of CMU CTRL register is set to 1

4) The RC-Oscillator may be switched-off only if the CMU is currently selecting the Quartz Oscillator as system clock.

5) The Main Voltage Regulator is switched-off if bit VRLPW of Voltage Regulator VRCTR Register is cleared to 0,

6) The Low Power Voltage Regulator is never switched-off. To reduce the power consumption, you may reduce the Low Power
Voltage Regulator output current through bits LPVRCC of CFG_R1 register.

7 The PLL may be switched-off by setting bit CK2_16 of PRCCU_CFR register
8) The FLASH module enters Power Down if bit PWD of FLASH FCRO is set by software to 1.
9) ARMTTDMI input signal nWAIT is forced low.

10)  If RC-Oscillator is on, the Wake-up Timer is running. If RTC module is running entering Stop mode does not stop RTC
counter.

11)  Digital modules status is defined by Configuration Registers PCGR0/1 and PCGRBO/1
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3.10.2 Low Power Modes: Important Note

If you are experimenting with the low power modes remember that the chip will run your code before the JTAG
gets control of the STRY. If your code places the STR7 into a power-down mode before the JTAG gets control of
the CPU, you will have effectively lost control of the STR7. This is an easy mistake to make when experimenting
with the STR7 clock sources and power down modes. To prevent this problem make sure the Low Power debug
bit is set in the boot configuration register. If you do get caught out by this problem you can recover by changing
the external boot mode pins to boot from RAM, since the RAM will not contain any valid code you, can get control
back with the JTAG and erase the FLASH.

Exercise 9: Power Modes

In this exercise the STR7 is configured for low power operation and is then stepped
through its different power modes and the resulting power reduction can be observed on a
meter .

3.11 Advanced Peripheral Bus Bridges

Both of the Advanced Peripheral Busses have bridges connected the main Advanced High speed Bus. Within
these bridges are a group of user-controlled registers that enable error detection on the peripheral busses as well
as clock and reset control

Peripheral Clock X300

Periphoral Resat

The Clock Disable register can be used to disable the clock signal to any peripheral connected to the APB bus.
This duplicates the peripheral enable register in the PRCCU.

3.11.1 Software Reset

In the APB bridge the Software Reset register allows a given peripheral to be reset by a system-wide reset or by
setting an appropriate bit, an individual peripheral can manually be held in reset until it is released by your
application software. A complete software reset can be forced by setting the Halt bit in the System Mode register.
However you must first enable this function by setting the HALT_END and SRES_EN bits in the Clock Control
register. The clock flag register contains a software reset flag so that you can differentiate between a hardware
and software reset if necessary.

3.11.2 Error Registers

The three additional registers in the APB bridge allow you to detect an access to the unused memory window
located within the APB1 and APB2 address range. This memory window is reflected over the address range
(0x010h-0x3FFh) It is also possible to specify a maximum read time for any register on these two busses.
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Access to an unused memory region or an access timeout can generate an abort interrupt. After reset both the
memory abort and timeout mechanisms are disabled and it is probably best to leave them this way.

3.12 Interrupt Structure

The ARM7 CPU has two external interrupt lines for the fast interrupt request (FIQ) and general purpose interrupt
IRQ request modes. As a generalisation in an ARM7 system there should only be one interrupt source that
generates an FIQ interrupt so the processor can enter this mode and start processing the interrupt as fast as
possible. This means that all the other interrupt sources must be connected to the IRQ interrupt. In a simple
system they could be connected through a large OR gate. This would mean that when an interrupt was asserted
the CPU would have to check each peripheral in order to determine the source of the interrupt. This could take
many cycles and is inappropriate for real-time control. Clearly a more sophisticated approach is required. In order
to handle the external interrupts, ST have designed an interrupt support peripheral called the “Enhanced Interrupt
Controller” (EIC) that greatly speeds-up servicing of peripheral interrupts

The EIC provides additional hardware support
for the on chip peripheral interrupts. Without
the VIC the interrupt response time would be
very slow.

Enhanstad Interrupt Conreler

$144

The EIC can be described in three parts. First it provides enhanced interrupt support for servicing the on-chip
peripherals as general purpose interrupts, secondly it allows the watchdog and timer O global interrupt to be
connected to the Fast interrupt line to create a high priority pair of interrupts and finally there is a dedicated
external interrupt unit that allows up to 16 GPIO lines to be configured as external interrupt lines.

3.12.1 General Purpose Interrupt

An individual interrupt source must be enabled both within the EIC by setting the appropriate bit in the Interrupt
Enable register and globally enabling interrupt generation from the EIC by setting the IRQ output enable bit in the
Interrupt Control register and finally within the peripheral itself by setting the required interrupt enable flag.

Since all of the on-chip peripherals have an interrupt channel which can be connected to the IRQ line to signal an
interrupt to the ARM7 CPU and there are some 26 interrupt sources on-chip and only one IRQ line, it would be
impossible to have efficient interrupt handling without additional hardware support.
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Interrupt from line TROn

IR.On vector
0y TVR[31:16] | SIR[31:16] -

Highest priority mterrupt

CTIPR

Priority
Stack

{16 entry)

Stack Control (FUSH/POP)

Control
logic

RO Request IRQ to ARM core

1(8):8 FIQ_EN IRQ EN

FIQ FIQ Request —. FIQ to ARM core
Control >

logic

The Enhanced interrupt controller (EIC) provides a vectored lookup table for the IRQ interrupts and a
16 level priority stack for nested interrupts. The FIQ interrupt may also be connected to the watchdog
or Timer0

The EIC provides the necessary control logic to allow any interrupt source to assert an interrupt on the nIRQ line.
However in addition it provides an internal interrupt vector table which acts as a hardware lookup table to provide
the address of the interrupt service routine to match the current interrupt request. This interrupt vector table is
made up of 32 source interrupt registers and one interrupt vector register.
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|
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When a peripheral generates an IRQ interrupt the offset value stored in the matching source interrupt
registers (SIR) is transferred to the lower half word of the Interrupt vector register.

The upper half-word of each SIR register is programmed with the address of the matching interrupt service
routine. When an interrupt occurs this half-word is transferred to the lower half-word of the interrupt vector
register. This gives a full address to the required interrupt service routine. This mechanism may be used in one of
two ways to allow low latency interrupt handling (i.e. serve the interrupt as fast as possible) or to support nested
interrupt (i.e. support prioritised interrupt handling). In the first case the linker must be used to locate the entry to
all the interrupt service routines within one 64K block. The address of this block is held in the upper half-word of
the IVR and must be set when the EIC is configured. Next the address of each Interrupt service routine within the
64K block is stored in the upper half-word of the matching source interrupt register. The easiest way to configure
the IVR and SIR registers is to program the upper half of the IVR register to zero and then to use the linker to
locate all the interrupt routines in the first 64K of the on-chip FLASH. The address of each interrupt service routine
can then be loaded into the SIR registers with the following line of C code:
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EIC_SIR18 = ((unsigned Int)ADC_IRQ_isr )<<16 | 1;

When the peripheral generates an interrupt, the full address of the matching interrupt service routine will be
assembled in the Interrupt Vector register. While this is happening the ARM7 CPU will independently enter IRQ
mode and vector to address 0x00000018, the IRQ interrupt vector. By placing the line of assembler shown below
on the IRQ interrupt vector, we can load the interrupt service routine address into the program counter in one
cycle and enter the interrupt routine.

LDR PC,[PC,#-0x407]

What this instruction does is take the current value of the program counter (0x00000018) deduct 0x407and load
the contents of this memory location into the program counter.

ol (RCH vt Ve
00000 D018

i = Load Conierts of Locasion

= 018 - DxB0E inte the PO

| Imteirupl Wectar Fegise

uFFFF FFF

When an IRQ interrupt is generated the Address of the ISR will be loaded into the Interrupt vector
register. This value can be loaded directly into the PC forcing a jump to the ISR.

By deducting 0x00000408 from 0x00000018 as unsigned integers, we are jumping off the bottom of the memory
map and wrapping round to the top. The address we end up with is the interrupt vector register. This contains the
address of the ISR, which is then loaded into the program counter. This jumps us straight from the IRQ interrupt
vector into the dedicated interrupt service routine. Reading the Interrupt Vector register also signals to the EIC
that the interrupt is being serviced. This allows the EIC to terminate its handling of the current interrupt and
process any further pending interrupts.

EIC_SIR18 = ((unsigned int)ADC_IRQ_isr + 4)<<16 | 1; // Program IRQ vector with
// ISR address

EIC_IERO = CHANNEL(18); // Enable the IRQ channel interrupt

EIC_ICR = EIC_IRQ_ENABLE; // Globally enable the EIC IRQ interrupts

3.12.2 Leaving An IRQ Interrupt

Before you quit the interrupt it is very important to clear the interrupt status flag in the underlying peripheral. If you
fail to do this, the peripheral will continuously generate further interrupts until the flag is cleared. Secondly the
interrupt channel in the EIC must also be cleared by writing to the appropriate channel bit in the Interrupt pending
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register. When the pending bit for a given channel is cleared this signals the end of interrupt to the EIC which then
begins its end of interrupt sequence. This sequence POPs the priority stack and serves and lower priority pending
interrupt.

3.12.3 Nested Interrupt Handling

As mentioned in the first chapter the ARM7 does not inherently support nested interrupts. When we enter any IRQ
interrupt the | bit in the CPSR is set preventing any further interrupts. This keeps the interrupt structure within the
ARM7 simple and fast. However in some applications it may be necessary to have a hierarchy of interrupt
sources which are able to pre-empt each other. To this end the EIC provides a priority field in each source
interrupt register. This priority field allows fifteen levels of priority to be assigned among the IRQ interrupt sources.
So if a number of interrupts are pending the EIC will select the interrupt source with highest value in the priority
field of its associated source interrupt register. However the EIC also provides an internal priority stack. If the
ARM7 CPU is serving an interrupt and a new interrupt occurs the EIC will compare the current interrupt priority to
the priority on the new interrupt. If the new interrupt has a higher priority it will cause a fresh IRQ interrupt to be
asserted to the ARM7 and the existing interrupt will be pushed onto the internal stack of the EIC.

So the on-chip interrupt structure is capable of supporting nested interrupts however we still have the problem
that the ARM7 disables IRQ interrupts as soon as it starts to service a general purpose interrupt source. In order
to allow the SRT7 to fully support nested interrupts we need to add some software support t re enable the IRQ
interrupt once the interrupt has been entered. This software support is added in the form of two macros which are
added to the entry and exit points on the interrupt function. The general form for a nested interrupt routine is
shown below.

void EINT1_IRQ isr ( void ) __ attribute__ ((interrupt ("IRQ™)));
void EINT1_IRQ_isr ( void )

SWITCH_IRQ_TO_SYS; // Entry Macro to support nested interrupts
/* BEGIN USER CODE XTI _IRQ */

/* END USER CODE XTI1_IRQ */
SWITCH_SYS_TO_IRQ; // Exit macro to support nested interrupts
EIC_IPRO = CHANNEL(1); // clear IRQ Pending bit

}

The function is declared with the IRQ attribute so the compiler will stack any registers between RO and R12 that
will be used during the interrupt routine and the IRQ mode link register. In addition the switch_IRQ_to_sys macro
contains the following instructions

MRS LR, SPSR ; Copy SPSR_irq to LR

STMFD SPI, {LR} ; Save SPSR_irq

MSR CPSR_c, #Ox1F ; Enable IRQ (Sys Mode)

STMFD SPI, {LR} ; Save the Sys mode LR onto the stack

First we need to protect any registers in the IRQ mode that may be corrupted. The compiler has saved the user
registers and the link register but for nested interrupts we also need to save the IRQ SPSR onto the IRQ stack.
Next by programming the CPSR we leave IRQ mode and enter system mode and at the same time re enable the
general purpose interrupts. System mode is effectively the same as user mode except that the MSR and MRS
instructions may be used. The final instruction in the macro saves the system mode link register onto the system
stack. Since the system mode link register is the same as the user mode link register it must be protected or else
the background code will be corrupted.

The exit macro reverses this process with the following assembly instructions

LDMFD  SP!, {LR} Restore LR

MSR CPSR_c, #0x92 ; Disable IRQ (IRQ Mode)
LDMFD  SP!, {LR} ; Restore SPSR_irg to LR
MSR SPSR_cxsf, LR ; Copy LR to SPSR_irq
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Once the user code has finished serving the interrupt the macro restores the system link register then programs
the CPSR to force the CPU back into IRQ mode with general purpose interrupts enabled and finally the IRQ spsr
is restored. After the macro has finished the interrupt pending bit for the current interrupt channel must be cleared
to signal the end of interrupt to the EIC and then the compiler epilogue code will restore the user registers and
return from the interrupt.

Exercise 10: IRQ/Nested interrupts
In this exercise the EIC is configured to handle nested interrupts

3.12.4 FIQ Interrupt

In addition to supporting the IRQ interrupts the EIC also allows the watchdog and timerO global interrupt to be
connected to the FIQ interrupt line. Unlike the IRQ interrupts there may only be two peripherals connected to the
FIQ line and the EIC does not provide any vector table support. Either or both peripherals must have their
interrupt sources enabled and in the EIC the Fast interrupt register provides two bits to allow these interrupt
channels to be enabled.

16 14 13 12 1 10 8 & i i B 4 E ] 2 1 L]
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The Fast Interrupt register is used to enable FIQ interrupt support in the EIC and provide flags of
pending interrupts.

In addition the Interrupt control register has a global enable bit which must be set to enable any FIQ interrupts.
Once the FIQ interrupts are enabled an interrupt on either source can generate an FIQ interrupt causing the
ARM7 CPU to vector to 0x0000001C, the FIQ interrupt vector. Since the EIC does not provide any additional
support for FIQ handling we can enter a dedicated FIQ ISR routine. If there is more than one FIQ interrupt source
it will be necessary to read the FIQ pending bits in the FIR register to determine what code to run.

IOPORT1_PCO = 0x00000100; // Configure Port 1.8 as an input
I0PORT1_PC1 = 0x00000000;
IOPORT1_PC2 = 0x00000000;
CFG_EITEO = 0x0000003; // Configure external interrupt rising edge
CFG_EITE1 = 0x00000000;
CFG_EITE2 = 0x00000003;
EIC_FIR = 0x00000001; // Enable the INTO FIQ request
EIC_ICR = 0x00000002;
void FIQ_Handler (void) __attribute__ ((interrupt ("FIQ™)));
void FIQ_Handler (void)
{
EIC_FIR ]= 0x00000008; // Clear the Fast interrupt pending bit
¥
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3.12.5 Leaving an FIQ interrupt

It is important to remember to clear any interrupt status flags in the timer or watchdog before quitting the interrupt.
Failure to do this will cause continual interrupts to be generated.

Exercise 11: FIQ interrupt
In this exercise the external interrupt O line on pin 1.8 is used to generate an FIQ.

3.12.6 External Interrupts

The STR730 has a dedicated external interrupt controller which allows up to 16 GPIO pins to generate an
interrupt, in addition to acting as a standard GPIO pin or while performing their secondary function. Each external

interrupt pin may be configured to be triggered by a high or low level on the pin, or by a rising or falling edge, or
by both edges.

Some of these GPIO pins may also be configured as |10 pins for peripherals such as the CAN or UART. The
external interrupts may be used in conjunction with these peripherals so for example, an interrupt can be
generated at the start of activity on the CAN bus.
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The external interrupts are configured with three registers in the configuration block. Each interrupt pin is enabled
and configured by one dedicated bit in each register as shown below.

Once enabled each external interrupt is connected at a dedicated slot within the EIC. This allows each external

interrupt to be handled by a dedicated interrupt service routine running within the ARM7 as a general-purpose
interrupt.

© Hitex (UK) Ltd. Page 70



hitex

Chapter 3: System Peripherals
DEVELOPMENT TODLS

3.12.7 DMA Controller

The STR73x contains four DMA units each with four data streams. Each of these data streams is dedicated to a
given peripheral and may transfer a block of data to or from a given peripheral, without any CPU intervention. In
addition, on each DMA unit one of the data streams (stream 3) may be used for memory-to-memory copies. Each
DMA unit has a single interrupt line that is connected to the IRQ interrupt via the EIC. In order to transfer the data,
the DMA units share the internal busses with the CPU. Arbitration between the DMA units and the CPU is
controlled by a dedicated arbitration unit called the “Native Bus Arbitrator”. After a reset this unit disables DMA
transfers and must be initialised before any DMA activity can take place. This is discussed later in the Native
Arbitrator section.

AHB Bus

AHB Master Interface
Interrupt

Request

Interrupt KA
Logic
9 Each of the four DMA units
has four DMA streams that
can transfer data between

DMA Requests Data Stream 0 memory and peripherals. In
0 Registers addition, stream 3 in each
—™ unit can perform memory to

memory transfers.

— > Regiters
2 g
3__» Data Stream 2
Registers
Data Stream 3
Registers

APB Slave Interface

APB Bus

The register set in each of the four DMA units is the same so once you have one DMA transfer working, all the
others will work the same way. The programmer’s interface for each DMA unit consists of a set of data stream
registers for each DMA stream and a group of interrupt handling registers. In addition each peripheral that
supports DMA transfers will have DMA configuration bits within its own registers which will also need to be
configured.

Each DMA unit has an identical register
set. Also each DMA stream is controlled in
the same manner. So although there are a
lot of registers the DMA units can be
decomposed into a fairly simple subset of
registers.
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Each data stream is controlled by twelve registers. Four registers are used to store the memory source or
destination address for the transfer. Each of these registers stores a half-word of the 32 bit address. The count
register stores the number of DMA transfers required and finally the control register initialises and enables the
DMA transfer.

:

Each DMA stream is controlled by twelve registers. These
define the source and destination address and all of the
configuration and control registers.
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Each of the DMA data streams are connected to a peripheral register which acts as a source or sink of DMA data.
When you initialise a DMA data stream you must configure the DIR bit in the control register to match the
direction of data flow expected by the peripheral. The bit is zero if the peripheral is a data source or one if the
peripheral is a data sink.
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Once the data direction is enabled the matching source or destination base address registers can be initialised
with the target memory address for the DMA transfer. This memory address can be a location in RAM or it can be
a register within another peripheral. So it is possible to make a DMA transfer from the ADC results register directly
into a BSPI transmit register, without any CPU overhead. In addition to setting the DMA direction you must also
set the transfer unit size. This controls the data width that is transferred with each DMA cycle. The unit data size
is controlled by the size bits in the control register DeSIZE for the destination size or SoSIZE for the source size.
The sizes supported are 8,16 and 32 bits. The number of data units to transfer in each DMA session must be
programmed into the maximum count register. When the DMA session starts, the contents of this register are
loaded into the terminal count register, which is decremented on each transfer until it reaches zero and the DMA
session ends.
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During the DMA transfer the memory address in the active base address register will be used as the starting
address for the DMA transfer. After each transfer the DMA unit allows you to increment this address by the size of
the DMA unit data width. So for example, you can transfer the contents of an array or buffer to peripheral register
or transfer the current contents of a peripheral register to a single fixed memory location.. This option to increment
the base address is enabled by the Inc bits (Delnc, Solnc) in the control register. Finally a DMA data stream can
be enabled as a circular buffer by setting the circular bit in the control register. In this mode when a DMA session
ends it is automatically reset to its starting values and a new session begins. If the circular bit is not set, the DMA
channel will be disabled at the end of the session and must be reinitialised by the CPU.

During a DMA transfer the data is moved from the source into the DMA unit and then from the DMA unit to the
destination. Each of these transfers occurs as a burst of data over the internal busses, in contention with the
CPU. You can also control the size of these bursts when a peripheral is the source of the DMA data. The burst
size may be configured to be 1,4,8 or 16 data units in length. Once the DMA channel parameters are configured
the session can be started by setting the control register enable bit.

In addition to supporting data transfers between peripherals and memory stream, stream three of each DMA unit
can be used to transfer data between two memory locations. Again these can be RAM or registers within a
peripheral. In the control register for stream 3 in each DMA unit there is an additional Mem2Mem bit that is used
to enable this memory transfer feature.

ARB_PRIOR = 0x00000003; // Enable DMA arbitration
DMAO_SOURCEL3 = 0x00000000; // Set the source address
DMAO_SOURCEH3 = 0x0000A000; // 0xA0000000
DMAO_DESTL3 = 0x00000800; // Set the destination address
DMAO_DESTH3 = 0x0000A000; // 0xA0000800
DMAO_MAX3 = 0x00000400; // Set the transfer size to 1K
DMAO_CTRL3 = 0x00000917; // Start the transfer
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Each DMA unit has a dedicated interrupt line that can be used to generate an interrupt at the end of a DMA
transfer for a given stream within the unit. An error interrupt can also be enabled. This interrupt source will be
triggered if the DMA stream loses arbitration on the AHB bus to the CPU. If the DMA controller attempts to access
an invalid memory location, an abort exception will be generated within the CPU.

16 bytes transerred
TIMG OCMPA event A i";;ﬁ:; el
2 cycles 5+3 cycles S5+7 cycles
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Each DMA stream will take one cycle to transfer data into the DMA unit and a further cycle to transfer data to the
destination. However each transfer to and from the DMA unit is at the data size defined for that transfer. For
example you could transfer a word (4 bytes) of data into the DMA unit in one cycle and then transfer each byte to
an eight-bit location in four cycles. In addition the first transfer into the DMA unit takes 7 cycles and the first
transfer out of the DMA unit takes an additional 5 cycles. There is also a latency within the DMA unit of one cycle.
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This gives us an overhead of 11 cycles. To transfer four words to a destination of eight half words would take 11 +
4+8 = 23 cycles.

The STR73x has sixteen DMA streams and the ARM7 CPU which all use the same internal busses to send data.
The DMA units arbitrate between themselves for access to the bus using a simple round-robin scheme that
ensures equal access to the STR73x bus. Once a DMA unit has won arbitration, it will arbitrate its own four DMA
streams in the same fashion. Once the DMA controller has internally selected a DMA stream to begin its transfer,
this stream will contend with the CPU to gain the bus. This second level of arbitration is controlled by the Native
Bus Arbitrator.

Exercise 12: DMA Transfer
In this exercise the DMA system is used to transfer a block of data between two address ranges.
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3.13 Native Bus Arbitrator

The Native Bus Arbitrator is used to resolve simultaneous bus requests with the DMA unit.

Tima Out

The Native bus arbitrator is used to

Arbitration Priority ;ar:biggtj between the DMA units and
e .

The arbitration scheme between the CPU and the DMA units is controlled by the priority register. This register has
only two options; by clearing the lowest two bits DMA transfers are halted and the CPU has sole access the the
internal busses. By setting these bits the DMA units are enabled with priority over the CPU. When DMA transfers
are enabled in the Native Bus Arbitrator, any pending DMA transfers will win the bus and start transferring data.
The Native Bus Arbitrator has an internal count-down timer that will count down to zero. When this timer reaches
zero, the currently active DMA transfer will be halted and the CPU will gain access to the bus. The timer will be
reloaded and will again count down to zero. When it reaches zero, once more control will be handed back to the
DMA controller and transfers will restart. The countdown timer is a 16-bit timer which is clocked by Mclk and the
reload value is stored in the Time Out register. On reset, this register contains OxFFFF, which freezes the timer,
giving full control of the bus the DMA controller. If one of the DMA streams attempts to access a memory location
that is not a peripheral register or memory location the Native Bus Arbitrator will generate an interrupt to the
ARM7 CPU, causing an Abort interrupt and the DMA controller will stop transfers and enter a lock state. Once the
CPU has entered the abort ISR it must correct the problem in the DMA unit and unlock the Native Bus Arbitrator
by writing “1” to the Abort bit in the control register.

3.14 Conclusion

This is an important chapter! You must be familiar with the system architecture of the STR7 in order to use it
successfully.
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4 Chapter 4: User Peripherals
4.1 Outline

This chapter presents each of the user peripherals in turn. The examples show how to configure and operate
each peripheral. By working through each peripheral in turn you will gain a good insight into the capabilities of the
STR73x. The example programs can be used as the basis for more complex programs or additionally there is a
driver library available from the ST Microelectronics website.
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4.2 General Purpose Peripherals

As we have seen in Chapter 3, all the user peripherals are located on the Advanced Peripheral Bus (APB) and
are clocked by the system clock Mclk. Before reaching the peripherals the system clock passes through the
configuration registers peripheral control registers. After reset these registers disable the individual clocks to each
peripheral. This ensures that the STR730 starts up in a low power configuration. You must enable each peripheral
clock source before the peripheral can be accessed.

4.3 GPIO

The GPIO ports that are provided by ARM are fairly simple TTL-style IO ports. However ST Microelectronics have
designed their own far more sophisticated port structure for the STR7. Depending on the variant of STR7 you are
using there are up to 112 GPIO lines which can each sink up to 2mA. On reset the microcontroller pins will default
to input pins. The application software can configure the GPIO to be output pins or enable the pins’ alternate
function. The alternate function allows a user peripheral such as a timer or UART to be connected to a specific
external pin. In addition to the alternate function, the external interrupt controller allows up to 16 pins to be
independently configured as external interrupts and 32 can act as wake-up pins. This is in addition to the pin
acting as a simple GPIO or peripheral pin. If you are using the STR7 in a low-power application this means you
can put the device into a low-power mode and then wake it up when there is an activity on a peripheral. For
example, you can trigger a wake-up when a character is sent over the UART.

Part Config Register O

Port Config Register 1 The extended GPIO ports on the STR730
are configured by three control registers.
A single data register provides

Part Config Register 2 read/write access to each IO port.

I70 Data Regisier

The GPIO pins are controlled by three configuration registers and one data register per 16 pin port. Each 10 pin
is configured by setting a bit in each of the configuration registers i.e. bit zero in each of the configuration registers
controls the configuration of pin zero. The table below summarises the possible drive configurations for each pin.

Hi-Z
. J _ Input / Alternate | Alternate

Configuration Analog Input Reserved Output Output Output Function Function

Input
_ ke - Weak Open Open

Output Mode Tristate Tristate Reserved Push-Pull Drain Push-Pull Drain Push-Pull

Ans TTL TTL
Input Mode ‘;mﬂht)g ET:Ll Reserved ETFI ETFI ETFI

nput evels evels Levels Levels evels evels

Once the GPIO pins have been configured you can read and write data directly to and from the port latches via
the 10 data register. The 10 data register and the configuration registers are word-wide registers but they only
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have active bits in the lower half word. The GPIO port registers must be accessed as 32-bit or 16-bit words.
Byte-wide access is not allowed. The include file generated by StartEasy defines the port registers as 32-bit
words and this will force the compiler to generate the correct addressing mode. If you need to write to a single pin
you will need to do a read-modify-write operation in the 10 Data register. This will take several cycles and may be
interrupted. When writing your code you must be careful that the port data is not corrupted in the interrupt service
routine.

{

unsigned int delay,count; // Define local variables
I10PORT2_PCO = 0x0000; // Configure port2 bits 8-15 as open drain output
10PORT2_PC1 = 0x0000;

10PORT2_PC2 = OxFFOO
while(1)

count = 0x00000080; // Set the LED tracer start value

while((count= count<<l) <= 0x00010000) // Shift the set bit to enable the

// next LED
for(delay = 0;delay<=0x0000f000;delay++)
}
IOPORT2_PD = count; // Write the LED pattern to the Port data register
}

Exercise 13: GPIO
This exercise demonstrates programming the GPIO pins to control the seven segment LED
displays on the evaluation board.
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4.4 Timebase Timer

The STR73x has three simple sixteen bit timers with eight bit prescalers that can be used to generate periodic
interrupts for scheduling software events. These may be simple timers but they provide necessary hardware
support for operating systems, without having to loose one of the main timer blocks.

The timebase timers are countdown counters with an automatic preload register. The value stored in the preload

register will be loaded into the timer which counts down to 0x0000. Once the count reaches 0x000, an interrupt
may be generated and the preload value is reloaded and the count down cycle restarts.

MCLK
_’
EXT CLK

Each timebase counter is controlled by five
TBn_PR Register registers that define the timer parameters,
— enable the interrupt and start/stop the timer.

The STR730 has three timebase timers.
These are 16-bit autoreload timers which
can generate an interrupt when the timer
reaches its end of count.

Each of the timers may be clocked from either the system clock Mcik or from Fex Which is derived directly from
the external oscillator. Since you can use the PRCCU to vary the frequency of Mcik the option to use Fex: is useful
since this will guarantee a regular timebase.

The timebase counter control register is used to select the clock source from either Mc k or Fext. Once selected,
the counting frequency can be set by loading the prescaler with an eight bit value. This simply divides the clock
source by the load value plus 1. Once the tick rate has been set the value stored in the preload register will
determine the count period by the formula below:

Timeout ( in microseconds)(Preload value +1) x (reload value +1) x Tck/1000

Where T = selected clock period in nanoseconds
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Once the count values are initialised, the timebase interrupt may be enabled by setting the ECM bit in the mask
register. Finally the count can be started by setting the SC bit in the control register

TBO_MR = 0x00000001; // Enable interrupt

TBO_PR = OxO00000FF; // Start the prescaler to maximum divide value
TBO_VR = OxO0000FFFF; // Set the reload register to the maximum count value
TBO_CR = 0x00000002; // Start the counter

When the interrupt occurs a general purpose interrupt will be generated and end of count flag will be set in the
status register. This flag must be cleared before leaving the interrupt routine.

Exercise 14: Timebase Timer

This exercise configures timebase timer 0 with its maximum count. At the end of count an

interrupt is generated . In the interrupt the elements of the seven segment display are
toggled.
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45 Timer Counters

The STR7 has up to nine timer counter blocks. These timers consist of a free running 16 bit counter with
prescaler and a series of capture and compare registers. The timer counters have several dedicated operating
modes. These modes allow easy configuration of the timer counters for common functions such as pulse
measurement or PWM generation.

Timer Peripheral Interface |

o

PCLK

Output Qutput Input Input
Compare | Compare | Capture | Capture
reg. A reg. B reg. A reg. B

Counter

Counter

Alternate o) tC
reg‘l’ster umgirczil:mare The STR730 has three independent 16 bit

timer counters with dedicated capture
and compare registers.

EXTCLK

=
als

Overflow
Detection
Circuit

The timer clock may be selected from either the Mc ik bus clock or from an external clock source, depending on
the value of the ECKEN bit in control register 1. If the timer is clocked from an external clock source you can link
the external clock pin to the output of a second timer block, making it possible to cascade the timers to build more
complex timer arrays. Each timer counter is controlled by eight registers, which allow it to be configured for input
capture and output waveform generation.

Each timer has a regular programmers
interface that allows easy configuration
of each operating mode.

The timer block is a 16-bit counter with an eight bit prescaler and is managed by two control registers.
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The timer control registers configure the prescaler CCO-CC7 and the various capture compare
operating modes.

The clock source is selected with the ECKEN bit in control register 1. By default this bit is set at zero to select the
system clock. The timer prescaler value is held in the lower eight bits of control register 2. This prescaler is only
applied to the system clock. If an external clock source is selected, it is fed directly to the timer. Should the
external clock be used, an additional bit EXEDG in Control Register 1 allows you to determine if the rising or
falling edge will increment the counter.

4.5.1 Input Capture

Each of the STRY7 timers has two input capture registers each with a matching capture pin. Each of these
registers may be configured to capture the timer count when there is a transition on a matching input capture pin

Timer Counter Register

vy vy
capta T
—

Edge Detector > Input Capture Register

—— » Software Maskable Interrupt Request

Each timer counter has two capture registers which may be used for custom edge measurement

Each capture pin may be configured to trigger a capture event on a rising or falling edge by programming the
IEDGA and IEDGB bits in control register 1. When a capture occurs, either capture register may generate an
interrupt by enabling the ICAIE and ICBIE bits in control register 2.

TIMO_CR2
TIMO_CR1

0x000090FF; // Enable input capture interrupts and set the prescaler
0x00008004; // Timer enable ICAPA rising edge, ICAPB falling edge
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4.5.2 PWM Input Capture

Additionally there is a PWD capture mode that allows the measurement of pulse width and the period of a signal
applied to the ICAPA pin. By setting the PWMI pin in Control Register 1, the edge detector for channel B is routed
to the ICAPA pin. This allows us to trigger on rising and falling edges for the same signal.

/i
Counter ¢ 3482 ¢ 0000  ooor o002 [/ 5 2Ep0 S 2ED1 Y X 34m2 3 0000 ICAR = 0x2EDO
: 17 | :
7 : : TCBR - 0x34E2
AP A 7/
ICAPA @ IEDGA =1

(‘aprlm'e A Capture B (fa])ilrlu'e A

Period =ICAPA ! IEDGB =0

Pulse Length = ICAPB

The PWM capture mode is synchronised on a pulse edge to reset the timer (Capture A). The next pulse
edge (Capture A) will be captured into capture register B. This is the duty cycle. The next capture A
event restarts the cycle and the capture A register contains the PWM period

In this mode the count for rising edge of the signal is stored in Capture Register A and the falling edge is stored in
Capture Register B. Thus Capture Register B contains the pulse width and Capture Register A contains the signal
period. By enabling the capture A interrupt we can read both these values on each cycle and reset the counter to
start a fresh cycle.

Ox000008FF; // Enable interrupt on capture A event
0x0000C004; // Timer enable,Enable PWMI mode,
// Capture A rising edge, capture B falling edge

TIM1_CR2
TIM1_CR1

4.5.3 Output Compare

In addition to the capture registers, each of the STR7 timers has two compare registers with matching output pins.
When a match is made between the free running counter and the contents of the compare register, a compare
event is triggered. This event can be used to generate an interrupt or change the logic on the compare pin. Once
the timer is initialised and a compare value has been loaded into the Output Compare A and Output Compare B
registers, the compare interrupts may be enabled by setting the OCAIE and OCBIE bits in Control Register two.

Timer Counter Register —l

Match? ‘0—»

Output Compare Register 4T

Software Maskable Interrupt
Request Pulse generation

Each timer has two compare registers that may be used for custom pulse generation

Now whenever the free running timer matches the contents of either compare register, an interrupt will be
generated. If you want to generate a waveform in addition to switching the GPIO pins to their secondary function,
you must enable the output compare pins by setting the OCAE and OCBE bits in control register 1. Now
whenever a compare event is made, the contents of the OLVLA and OLVLB bits will be applied to the output pins.
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TIM1_OCAR = 0OxO0000FF00 // Set the compare count
TIM1_CR2 = O0x000040FF; // Enable the compare A interrupt and set the prescaler
TIM1_CR1 = 0x0008100; // Timer enable, set the oputput level on OCMPA pin

4.5.4 PWM Output

Like the PWM input mode, the STR7 timers have a special mode to allow easy generation of PWM output
waveforms. By setting the PWM bit in Control Register 1 both of the compare registers are used to control the
output compare A pin.

/7
Counter ¢ 34E2 » FFFC X FFFD X _FFFE % [/ A0S 2ED1 ¥ ... KBTI TFFC » OCAR = 0x2ED0O

3 77 | i OCBR = 0x34F2
ocMpA | OLVLB 7 I LA OIVEE - GLvia-o
Compare B Compare A Compare B o
OLVLB=1

In PWM mode the timer starts from OXFFFC. A compare event on Compare A register forces the
output compare A pin low. A compare match on compare B register forces the same pin high
and reloads the timer with OXFFFC to restart the cycle.

At the start of a cycle the timer is reset to OXFFFC and the OCA pin is set high. The value loaded into the
compare A register is the period of the pulse. When this match is made, the compare event loads logic zero
stored in OLVA onto the output compare pin. The PWM period is stored in the compare B register. When this
count matches the timer contents, the logic one value stored in OLVB is applied to the output pin and the timer is
reset not to zero but to OXFFFC and the cycle is restarted. So in order to modulate the PWM signal, it is only
necessary to write to output capture register A.

TIM1_OCAR = 0x00000080; // Set the capture A count ( pulse falling edge)
TIM1_OCBR = Ox000000FF; // Set the PWM period

TIM1_CNTR = 0x000000000; // initialise the count

TIM1_CR2 = Ox000008FF; // enable the capture B interrupt and set the prescaler
TIM1_CR1 = 0x00008150; // Timer enable,

// set output levels on compare A,
// enable compare A and PWM mode

455 One Pulse Mode

The STRY timers have an additional useful mode that can generate a pulse that is triggered by an external signal.

I
Cownter ... {ZITII FEFD X FFFE /4 / T 201 X 2ED2 {2ED3) FFFC [EDGA = 1
f | 3 OCAR = 0x2ED0
rcapa — (7] | /1 ; (I

" : : OLVLA -0

‘ i : ; o
OCMPA _CD OLVLB 7/ @ OLVLA oivie OLVLB=1
< ——— C ot0pare A

One pulse mode uses the two capture registers to define the rise and fall edges of a pulse which can
then be triggered by an input capture pin.

One-Pulse mode is enabled by setting the OPM bit in control register 1. In this mode the pulse generation is
triggered by a capture event on ICAPA pin. This can be a rising or falling edge, which is programmed by the
IEDGA bit. Once this event is triggered the timer will output a pulse whose characteristics are determined by the
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two compare registers. When the trigger event occurs, the timer is reset to OXFFFC and the contents of OLVLB
bit is loaded onto output compare pin A. When the timer matches the contents of output compare register A, the
logic level in OLVLA bit is loaded into output compare pin A and the timer then waits for the next capture event.

TIM1_OCAR = OxO000FF0O0 // Set the pulse length
TIM1_CR2 = Ox0000FF; // Eet the prescaler
TIM1_CR1 = 0x0008265; // Timer enable, set the pulse output level on OCMPA pin

// enable one pulse mode, set capture edge

4.5.6 DMA Support

Each of the timer units has a dedicated DMA channel. This channel allows the capture and compare registers to
act as a DMA source. The DMASO and DMASH1 bits in control register 1 allow you to select the source register for
the DMA transfer. The source register can be either of the input capture registers (ICAPA, ICAPB) or the output
compare registers (OCMPA,OCMPB).

15 id i3 i2 1 10 o B ) & B q | 2 1 L]

BEF | DSFD

F ) | § L ] re re re res

Control register 1 allows you to select the source register for a DMA transfer.

Once the DMA source has been selected, the DMA transfer can be enabled by setting the DMAIE bit in control
register.
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Once the DMA source is selected the DMIE bit in control register 2 enables the DMA transfer.

This configures the DMA channel in the timer unit. However the DMA transfer has to be fully configured, as
discussed in Chapter 3.

Exercise 15: Timer

This exercise configures timerO in PWM mode which is modulated by the output from the
ADC. The PWM signal may be observed by an oscilloscope and the compare interrupt
routines are used to modulate an LED in software.
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4.6 PWM Module

In addition to the general purpose timer, the STR73x has a six dedicated PWM modules which may be used to
generate a channel of PWM, of a single edge-aligned waveform.

CK_PWM
fMCLK_-—-—

16-bit Preload Duty Register

PWM_OUT

CK_PWM _

The STR730 has six independent PWM units which
can each generate a channel of single edge aligned
PWM square wave.

PE

16-bit Preload Period Register

The PWM module consists of a pair of prescaler registers that are used to divide down Mc.k to give the PWM
timer tick frequency. This clock feeds a sixteen bit free-running counter which has two compare registers. One
compare register holds the total period of the PWM signal and the second holds the duty period for the PWM
pulse. The compare registers control the state of a dedicated PWM output pin. When the PWM timer is reset to
zero this pin is forced high until the timer matches the contents of the PWM duty register. At this point it will be
forced low. The timer will continue counting until it matches the contents of the period register. At this point the
timer will be reset, forcing the pin high and the cycle will start over. After a hardware reset, the PWM module is
disabled by having the count and duty registers initialized to zero. The resolution of the PWM signal is defined by
the counter frequency. As each channel has its own dedicated counter it is possible to have a unique frequency
and modulation for each PWM channel.

Fckpwm = Fmclk
2 pow(PWM_PRO) x PR1+1

Once the resolution is known the PWM period can be independently set for each channel using the formula:

Tpwm = PER +1
Fckpwm

The duty cycle can be set as a percentage of the PWM period using:
DCpwm = PWMn_DUT

PWMn PER +1

The module may then be initialised as follows

10PORT2_PCO = 0x01; // Set 10 port2.0 alternate function output
I10PORT2_PC1 = 0x01;

IOPORT2_PC2 = 0x01;

PWMO_PER = OXFFFF; // Set the PWM period

PWMO_DUT = 0x8000; // Set the PWM Duty

PWMO_PEN = 0x0001; // Start the count
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In addition the Output Polarity register allows the logic of the PWM signal to be inverted so that a match on the
duty register sets the PWM pin and a match on the period register clears the pin.

PWMO_PLS = 0x00000001; // Invert the PWM mark space periods

An interrupt may also be generated when a match is made with the duty register so that the PWM signal can be
modulated under interrupt control. This also allows the PWM module to be used a simple periodic interrupt if the
PWM function is not required.

Exercise 16: PWM
This exercise configures the PWM module and plays a tune on the buzzer on the evaluation board
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4.7 Real Time Clock

The Real Time Clock peripheral consists of two main blocks. Firstly there is a prescaler which divides the external
oscillator to give a seconds tick, this timebase is fed to the second block which is a set of timers and comparator
registers that provide the clock and alarm functions.

Quartz
oscillator

1/2

1/1024
The real time clock is a 32- bit counter which is
incremented every second. A set of comparator
registers provides an alarm function.

RTCCNT

Alarm Owint  Gloint Secint

The RTC programmers interface consists of 10 registers as shown below. Like the other peripherals, these
registers are accessed via the Advanced Peripheral Bus and are clocked by the system clock. However the RTC
has its own dedicated clock source which is derived from the main oscillator. Because of these two separate clock
domains there is a configuration sequence that must be followed to ensure the user registers are updated
correctly.

i

The RTC user interface allows you to configure a prescaler to match the
external clock source, set and read the time and set and read the alarm
registers.

The prescaler load registers provide the count value that is used to divide the external oscillator to provide an
accurate second tick. After reset the prescaler load registers are preloaded with the correct value to give a
seconds tick for a 32.768KHz crystal. If you are using anything other than this frequency, the prescaler load
registers must be reprogrammed with a divide value to match the external oscillator. However before any write
can be made to the prescaler, alarm or counter register the RTC must first be placed in configuration mode. This
is done by two bits in the control register
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To configure the RTC registers you must set the CNF flag in the control low register. A write to the
RTC registers is only complete when the RTOFF flag returns high.

Before entering configuration mode you must check that any write to the RTC registers has been completed. This
is done by checking that the RTOFF flag is high. If this is the case, you can then set the CNF flag to enter
configuration mode. In configuration mode we can modify the prescaler if necessary, zero the count current count
and set an alarm value. Once configuration is complete the CNF bit must be cleared to make the RTC active.

The Real Time Clock has one interrupt channel to the EIC but three internal interrupt sources. An interrupt can be
generated each time the RTC counter is incremented to give a nominal one second interrupt. An interrupt can be
generated when the RTC counter overflows or after 2 32 seconds. An alarm interrupt can also be generated
when the contents of the Alarm register match the Counter register. To enable an interrupt source you must set
both the specific interrupt enable bit and the global interrupt enable bit .

TC_CRL |= 0x00000010; // Set RTC into config mode
while(1(RTC_CRL & 0x20));

RTC_CNTL = 0x00000000; // Set the count to zero
while('(RTC_CRL & 0x20));

RTC_CNTH = 0x00000000; // Set the count to zero
while(T(RTC_CRL & 0x20));

RTC_CRH ]= 0x00000001; // Enable the seconds interrupt
while(!'(RTC_CRL & 0x20));

RTC_ALRL = 0Ox0000000A; // Set an Alarm for 10 seconds
while(T(RTC_CRL & 0x20));
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RTC_CRH |= 0x00000001; // Enable the alarm interrupt
while('(RTC_CRL & 0x20));

RTC_CRL &= Ox00000OEF; // Set RTC into running mode
while(1 (RTC_CRL & 0x20));

The Real Time Clock will remain active during the power down modes but care should be taken when reading the
RTC registers immediately after coming out of a power down mode. Because the real time clock has its own
oscillator, the registers on the APB2 bus will not be updated for one RTC clock tick after coming out of power
down. You must ensure that your application code does not read the registers for 31.25 usec after resuming from
a power down mode.
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4.8 Analog To Digital Converter

The STR73x has an on-board Analog to Digital Converter. This converter has maximum resolution of ten bits with
sixteen multiplexed input channels. Each with its own results register. All conversion results are guaranteed to be
monotonic. The ADC has a prescaler which divides down Mcik to run the converter at 10MHz. Each analog to
digital conversion takes a minimum of 40 cycles or can be made a rate of 250K conversions per second.

ADC_CLR2 ADC_CLR3

AINO
AIN1

SUCCESSIVE APPROXIMATION
A/D CONVERTER

ADC data registers
DO

SAMPLE D1

& 10 bit
HOLD Convertor

1
1
1
1
1
1
1
1
1
1
1
1
1
1
L

AIN15

AutoClockor |

FMCLK

ADC_CLR4

The analog to digital converter is a 16 channel 10 bit converter. It supports single channel conversion
or a continuous round robin “scan” conversion of selected channels. An additional “injection” mode
allows interruption of the scan mode to read selected channels on demand.

The ADC registers can be spilt into five
main blocks. These consist of the control
configuration registers, threshold registers
for the analog watchdog, DMA and
interrupt  configuration registers and a
dedicated results register for each channel

The conversion time is split between the sample-and-hold circuit and the actual conversion. Each of these
sections may be clocked at different rates so it is possible to have a slow clock on the sample-and-hold and then
do a fast conversion. This allows you to tune the ADC characteristics to the external analog circuit. Once
configured the ADC has a number of conversion modes. There is a basic one-shot mode which makes a single
conversion of selected channels when triggered by software. A scan mode will make continual round-robin
conversion of the selected channels. The scan mode also incorporates an injection mode which halts the chain of
scan conversions then performs a one-shot conversion on a group of selected channels and then resumes the
scan conversion. Finally four of the analog channels may be used as analog watchdogs. In this mode the
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analog signal is monitored and if it strays outside a defined maximum or minimum range, a warning interrupt may
be generated.

4.8.1 Configuration

Once the ADC clock has been enabled in the PRCCU, the prescalers for the sample-and-hold and the separate
converter circuitry must be configured.
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Control register 1 is used to configure the prescalers for the sample-and-hold circuit and the ADC.

Both prescalers are configured in control register 1. Both prescalers divide down Mclk and must provide an output
to the ADC which is a maximum of 10 MHz. If the sample-and-hold prescaler is set to zero the main ADC clock
will be used for both the sample-and-hold and the converter circuits. The sample-and-hold process takes 10 clock
cycles and the main converter takes a further 30 cycles. The full conversion time may be calculated by the
formula:

Tc =10 x (Mclk+1) x SMPP + 20 x Mclk x CNVP
Where: SMPP = sample and hold prescaler factor
CNVP = Main ADC clock prescaler factor

Tc = Total conversion time

You must ensure that the conversion frequency for both the sample and hold and the conversion circuits must not
exceed 10 MHz

10 < Fmclk/SMPP hence at 36MHz SMPP and CNVP =>4
10 <Fmclk/CNVP

Once the prescalers have been configured the ADC may be placed into a self-calibration mode. This is done by
setting the CAL bit in Control Logic register 0.
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Control register 0 is ued to start the ADC self calibration procedure and also start the ADC
conversions

The calibration time may be shortened by around 16 cycles by disabling noise filtering. This is done by setting the
NOAVRG bit in control register 4. During the calibration procedure the CAL bit stays high and will be cleared
once calibration is finished.

© Hitex (UK) Ltd. Page 93



hitex

Chapter 4: User Peripherals
DEVELOPMENT TODLS

The ADC is then ready to begin conversions in either one shot, scan injection or watchdog modes.

ADC_CLR4 = 0x0000000; // Clear the powerdown bit
ADC_CLR1 = 0x00000020; // Set ADC clock 5.3MHz
ADC_CLRO = 0x00000002; // Start calibration

while (ADC_CLRO) // Wait till end of calibration
{

}

4.8.2 One-Shot Mode

The ADC conversion modes are configured in Control Register 2. The two basic conversion modes, one-shot and
scan are selected with the Mode bit and the channels to be converted are defined in the NCH and FCH fields.
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The ADC conversion modes are configured through the NCH and FCH fields in Control Register 2.

To enter one-shot mode, the mode bit should be set to zero and the number of the first channel to be converted
placed into the FCH field. The number of channels to be converted is placed in the NCH field and finally the start
bit in Control Register 0 is set. One conversion will be made on each of the channels and at the end of the chain
of conversions, the start bit will be cleared

ADC_CLR2
ADC_CLRO

0x0000000; // Single conversion ch:0
0x0000001; // Start conversion

while((ADC_PBR & 0x00000002)) // Wait for end of conversion

}

4.8.3 Scan Mode

If the mode bit in Control Register 2 is set to 1 the ADC will operate in scan mode. In this mode, the ADC will
repeatedly perform the defined chain of conversions until it is halted by clearing the START bit in Control Register
0. The start bit will actually read zero when the last conversion has been completed.

ADC_CLR2 = 0x00081CO0; // Chain conversion start ch:0 convert 8 channels
// Scan mode
ADC_CLRO = 0x0000001; // Start conversion
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4.9 Injection Conversion

If the ADC is operating in scan mode it is possible to interrupt the chain of conversions and perform a single one-
shot chain of conversions on a different set of channels and then resume the original scan mode. This is called an
injection conversion and is defined in Control Register 3

1w 14 ida 12 i o B i 7 i 8 4 i | 2 i o

The application software can interrupt a scan conversion to perform a series of conversions defined
by the INCH and JFCH fields in control register 3. This is called injection mode.

In Control Register 3 the JFCH and JNCH define the starting channel number and the number of channels to
convert in the same way as the FCH and NCH fields in Control Register 2. Once the injection conversion has
been defined, the conversion chain can be started by setting the JSTART bit .

ADC_CLR3 = 0x000001C8; // Injection conversion from CH:8 for 8 channels
ADC_CLR3 1= 0x00008000; // Start the injection conversion
while(Y(ADC_PBR & 0x00000004))

{

}

4.9.1 Analog Watchdog

In addition to the conversion modes the ADC has an “analog watchdog” mode that allows channels 0 — 4 to be
guarded with maximum and minimum values.
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The analog threshold registers define maximum and minimum results values for an ADC channel. If
the ADC result is out of range an interrupt can be generated.

Each of the analog watchdogs has a dedicated maximum and minimum threshold register which contains a 10-bit
user-programmable value. The watchdog is then linked to a specific ADC channel by programming the THRCH
bits. The watchdogs may only be connected to the lower four analog channels. Once configured the THREN bit
enables the watchdog. At the end of each conversion an active watchdog will check the conversion result against
the threshold registers can generate an interrupt if the conversion value is out of range.

ADC_TRAO = Ox000000FF; // Set threshold high at O0xO00ff ch:0
ADC_TRBO = 0x0000800F; // Set low threshold O0x000f Enable watchdog
ADC_IMR = 0x00000030; // Enable threshold interrupts
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4.9.2 Interrupts

The ADC has a single IRQ interrupt channel connected the EIC. Internally the ADC can raise an interrupt at the
end of each conversion or at the end of each chain of conversions in one-shot, scan and injection modes.
Additionally, as mentioned above, the analog watchdogs can generate an interrupt if the analog signal goes
outside of an user-defined range.
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The interrupt pending register has status bits for each conversion mode. Each analog watchdog channel
has two status bits which indicate if the high or low threshold has been crossed.

When an interrupt occurs, the pending bit register contains the status flags for each of the interrupt sources. Like
the status registers in the other peripherals, this register must be read to clear the flags and cancel the interrupt.
The flags for each of the analog watchdogs consist of two bits, which allow you to determine if the upper or lower
threshold has been crossed. If the upper bit is set the upper threshold has been crossed; if the lower bit is set the
lower threshold has been crossed.

void ADC_IRQ isr ( void ) _ attribute__ ((interrupt ("IRQ™)));

void ADC_IRQ_isr ( void )
SWITCH_IRQ_TO_SYS;

/* BEGIN USER CODE XTI_IRQ */
switch ( ADC_PBR & 0x00000030) // read the threshold O bits

{

case ( 0x00000010):
// Threshold low error
break;

case (0x00000020):
//Threshold high error
break;

default:
T

/> END USER CODE ADC_IRQ */

SWITCH_SYS_TO_IRQ;
// Reading the ADC_PBR clears the status flags
EIC_IPRO = CHANNEL(62); // clear the EIC channel

}
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4.9.3 DMA Support

In addition to the interrupt support, the ADC has a dedicated DMA channel which can be programmed to make a
DMA transfer from the ADC results register to a memory or peripheral register at the end of each conversion. The
DMA conversions are enabled within the ADC by selecting the required channels in the DMA Enable register and
then setting the DMAEN bit in the DMA global enable register.
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The DMA Global Enable register switches on the ADC DMA support. The channel number of the first result
transferred is stored in the DENCH bits.

If more than one analog channel has its DMA mode enabled the channel number of the first DMA transfer is
stored in the DENCH bits. This can be used to synchronise the receive buffer to the incoming data. In addition to
enabling the DMA support in the ADC, the DMA unit must be configured to make the transfers, as discussed in
Chapter 3. The code below demonstrates a full DMA transfer for the ADC that takes an ADC result and transfers
it to an 10 port, without any CPU overhead.

ADC_CLR4 = 0x0000000; // Clear the ADC powerdown bit

ADC_DMAE = 0x00008000; // Enable the ADC DMA support

ADC_DMAR = 0x00000007; // Enable channel 0-2 DMA transfer
ARB_PRIOR = 0x00000003; // Enable DMA arbitration

DMA3_SOURCELO= 0xF850; // Set the source address

DMA3_SOURCEHO= OXFFFF; // ADC channel O results register
DMA3_DESTLO = 0x0800; // Set the destination address
DMA3_DESTHO = 0xA000; // 0xA0000800

DMA3_MAXO = 0x3; // Set the transfer size to 3 data units
DMA3_CTRLO = Ox28F; // Enable the transfer the transfer
ADC_CLR1 = 0x00000020; // Set ADC clock 5.3MHz

ADC_CLRO = 0x00000002; // Start calibration

while (ADC_CLRO) // Wait till end of calibration

{

}

ADC_CLR2 = 0x00008080; // Scan mode conversion ch:0 three channels
ADC_CLRO = 0x00000001; // Start conversion

4.9.4 Low Power Operation

For low-power designs it is possible to fully power down the ADC if you are not using it by setting the PWDN bit in
Control Logic register 4

The ADC is designed to support low power designs. In control register 4 the ADC can be fully powered
down and the ACKO bit can enable automatic switch off of the ADC clock when the converter is idle.
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In addition to powering down the ADC, setting the ACKO bit will automatically disable the ADC clock whenever
the converter is idle.

Exercise 18 : Analog to Digital converter
This exercise enables the ADC in round robin mode and writes the conversion result to the LEDs on the
evaluation board

4.10 Watchdog

In common with most microcontrollers the STR7 has an on-board watchdog that provides a hardware recovery
mechanism in the event of the application software crashing, or being disturbed by a hardware failure such as a
power brownout.

WDG_ VR

WDG_PR

8-bit 16-bit SYS_RES

MCLEF EXT
- Pre scaler Counter

EC_INT

The on-board watchdog is a 16-bit timer with 8-bit

prescaler.
WDG_CR bits

However if you do not require a this form of protection in your application, the watchdog may be used as free
running timer that can generate a periodic interrupt for an operating system or scheduler, freeing up one of the
more complex timer blocks.

The watchdog interface allows the watchdog to be configured as
an on-chip watchdog or periodic timer with an end of count
interrupt.

The watchdog timer is a 16-bit count down counter with an eight bit prescaler. The prescaler and watchdog
counter reload have dedicated registers and the timeout period may be calculated with the following formula:

Timeout in micro secs = (Prescaler + 1) x ( reloadvalue + 1) x Tpclk2/1000
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Once the timer registers have been configured, the watchdog may be started by setting the watchdog enable bit
in the control register. Once this bit is set there is no way other than a hardware reset to disable the watchdog.
Unlike the other peripherals you cannot stop the peripheral clock to the watchdog in the PRCCU. To stop the
watchdog from timing out and causing a reset you must write to the watchdog key register. This forces a reload
of the watchdog timer. To ensure that the application software is still running properly, the watchdog reload will
only occur if the value 0xA55A followed by 0x5AA5 are written consecutively to the Key Register. It is up to your
application software to ensure that the Key register is written frequently enough to stop the watchdog from timing
out. If the watchdog does timeout, a reset will be forced in the STR7 and your code will once again start from the
reset vector. However the watchdog status register contains an end-of-count flag that is set if a timeout occurs.
This flag may only be cleared by software so it is possible to tell if the STRY7 is starting from a hardware reset or a
watchdog timeout.

WDG_PR = O0x000000FF ; // Set maximum divide on the prescaler (Reset value)
WDG_VR = OX0000FFFF ; // Set maximum timeout ( Reset value)
WDG_CR = 0x00000003; // Start the count and enable watchdog
while(1)
WDG_KR Ox0000A55A; // Refresh the watchdog

WDG_KR
3

0x00005AA5;

If your application does not need to use the watchdog for software protection it can be used as an additional 16-
bit timer, which can generate a periodic interrupt. If the watchdog enable bit is not set in the control register the
counter will count down to zero and can generate an interrupt provided that the ECM bit is set in the Watchdog
Mask register. When the counter reaches zero the interrupt is generated and the watchdog counter is reloaded to
begin the next countdown.

WDG_MR
WDG_CR

0x00000001; // enable the IRQ interrupt
0x00000002; // start the count

The only other register available in the watchdog peripheral is the Counter register which is a read-only register
containing the current count of the watchdog timer.

Exercise 18: Watchdog

interrupt is used to drive LED arrays on the evaluation board.

This exercise configures the watchdog as a periodic timer and enables the end of count interrupt. Each
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4.11 Communications Peripherals

All the remaining peripherals within the STR730 are the serial communications peripherals and there are a lot of
them. These include four UARTS, three SPI interfaces, two 12C interfaces and up to three CAN controllers. For
the remainder of this chapter we will have a look at each in turn.

4.11.1 UART

Most small microcontrollers have al least one UART and some have two. However the STR7 is almost unique in
having four UARTSs as peripherals. As we will see later, the buffered SPI port can also be used as an additional
UART. These features combined with either the CAN SPI or 12C peripheral to make the STR7 the ideal hardware
for a protocol converter or RS232 concentrator.
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On the evaluation board, each UART is brought out to a 9 way D type, with RS232 level driver.

The four UART peripherals each support full-duplex asynchronous communication and have the same register
set. Thus code that runs on UART one can be reused for the either of the other two. Each UART contains its own
baud rate generator in the form of a 16-bit timer. There are also two FIFO buffers, each 16 words deep, for the
transmit and receive data. The UART data format is configurable to be eight or nine bits long, with various
combinations of start, stop and parity bits.

One pulse mode uses the two capture registers to
define the rise and fall edges of a pulse which can
then be triggered by an input capture pin.
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The principle features of each UART are configured in the UART control register.
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The UART control register configures the operating mode and data format used for serial
communication. The control register may enable the USRT FIFO and receive functions as well as
selecting the loopback test mode.

After reset, the UART is disabled as the RUN bit is set to zero. The UART must be configured and then enabled
by setting the RUN bit to one. The bit fields in the control register allow us to configure the format of the serial
data word ( seven eight or nine bits long) select the logic of the parity bit if it is being used, configure the length of
the stop bit and enable reception and the UART FIFOs. Once the UART has been configured we must set the
baud rate by programming the BAUD rate register. This register is in effect the reload register for the dedicated
16-bit timer within the UART. The timer must be configured to generate an overflow tick at 16 times the desired
baud rate. Hence the reload value can be determined by the following calculation.

Reload value = MCLK/(16xBAUDRATE)

When selecting an external oscillator you should remember that a typical RS232 connection to a PC can tolerate
about a 5% error. However the bit timing for the CAN peripheral must be exact. So if you are going to use both
peripherals, ensure that you select the oscillator frequency to give an accurate CAN bit timing and take the error
on the RS232 Baud rate. Once the UART has been configured and the baud rate set, you must finally configure
the GPIO pins to their alternate function before setting the run bit to enable the UART. If you are using the FIFO
mode it is also necessary to reset the TX and RX FIFOs prior to transmitting or receiving the first character to
ensure the FIFO buffer pointers are correctly initialised. This is done by writing any value to the FIFO reset
registers. Either FIFO can be reset at any time placing the FIFO pointer to zero and destroying the contents of the
reset FIFO.

UARTO_CR
UARTO_RXRSTR
UARTO_TXRSTR

0x00000001 ; // Reset UART
0x00000001 ; // Clear Transmit and Receive Buffers
0x00000001 ;

UARTO_BR 0x00000021 ; // Set Baudrate to 9600 Bps

UARTO_IER 0x00000005 ; // Enable TX Half empty and RX full
// interrupts

UARTO_CR = 0x00000509 ; // Nornal mode 8 N

UARTO_CR |= 0x00000080 ; // Start the UART running

Once the UART is configured, data can be written and received via the transmit and receive buffers. Simply
writing data into the TX buffer will place the data into the UART transmit shift register which asynchronously
transmits the data over the serial connection in the format defined by the configuration register. A common error
is the write more data to the TX buffer before the transmission is complete. This will in effect crash the buffer and
corrupt the data currently under transmission. Before writing fresh data you, should poll the UART status register
and check that the TX full bit is clear before writing to the transmit register.

void put_char ( char character )

while ( UARTO_SR & UART_TXFULL ) // check if transmit buffer is free
{:}
UARTO_TXBUFR = (unsigned char)character; // write character

¥

If the FIFOs are enabled, the data will be placed in 16 word-deep buffer and each data word will be transmitted in
turn. In this case, the TX full bit in the status register will indicate that there are 16 pending words in the FIFO and
no further characters should be written. There is also a half empty flag (or half full depending on your viewpoint)
that indicates when the TX FIFO contains eight characters or more.

© Hitex (UK) Ltd. Page 101



hitex

DEVELOPFMENT TODLE

Chapter 4: User Peripherals

When a character is received it is copied into the RXbuffer register and the RX full bit in the status register is set.
If the FIFOs are enabled, a 16 word-deep receive FIFO, similar to the TX FIFO, is enabled. Any received
characters will be written into the FIFO, where they may be read from the RXbuffer, in received order. The RX full
bit will be set whenever there are any characters in the receive FIFO. There is also a RX half full flag in the status
register which is set whenever there are eight or more characters in the RX FIFO.

char character get_char ( void )

{
while ( '(UARTO_SR & 0x00000001) ) // wait until RX FIFO contains a character

{:}
UARTO_TXBUFR = (unsigned char)character; // write character

return (character);

}

Each UART has a single interrupt channel connected to the EIC. However internally the UART has nine interrupt
sources connected to this one channel, which may individually be controlled in the interrupt enable register.

Three of the interrupt sources are used to detect errors that have occurred on the serial line. These include parity
error, framing error and overrun error. The remaining interrupt lines are used to make the most efficient use of the
transmit and receive FIFOs for maximum character throughput.

The transmit interrupts may be used with or without the FIFOs enabled. However if you are trying to achieve
maximum transmission rate it is best to use have the FIFOs enabled. In this case you would need the TX half
empty and TX empty interrupts enabled. The transmission would begin by filling the TX FIFO with 16 characters
and then waiting for the half full interrupt. This would allow a further eight characters to be written to the TX FIFO.
This would ensure a continual back-to-back transmission of characters, with minimal software overhead. Once all
the necessary characters had been written into the TX FIFO, the final sixteen characters would be sent and the
end of interrupt would be signalled by a TX empty interrupt.

It is also possible to use the TX interrupts when the FIFO is disabled. In this case it is important to understand at
what point in the transmission cycle each interrupt is generated. The TX half empty interrupt is generated when
the character is moved from the TX buffer into the TX transmission shift register. The TX empty interrupt is
generated as the stop bit is about to be transmitted. You can use either interrupt source to reload the TXbuffer.
The TX half empty will give back-to-back transmission of characters as the TX buffer can be reloaded while the
previous character is still being transmitted.

The receive interrupts operate much the same way as the transmit interrupts. The RXfbuf full and RXhalf full flags
can both generate an interrupt. The RXbufFull interrupt will generate an interrupt every time a character is
received and is best used when the FIFOs are disabled. This allows the CPU to read the RXreceive register each
time a character is received. If data is arriving back-to-back, this method will be to slow to cope with all the traffic,
especially at high bit rates. For high bandwidth serial links, it is best to enable the FIFOs and use the RX half full
interrupt. This allows you to receive eight characters into the FIFO before an interrupt is generated. Once the
interrupt is generated, you have a further eight characters worth of time to read the data out of the FIFO before it
overflows.

This method has a problem in that if you receive less than eight characters, no interrupt is generated and the data
remains in the FIFO. For this reason the UART has a receive timeout register. This is a counter with a
programmable time delay that will generate an interrupt if there is data in the RX FIFO and its timeout has
expired. Each time the FIFO is read, the timer is reloaded so it acts as a watchdog for the receive FIFO and
ensures you will catch the remaining few characters of a transmission that have not triggered the RXhalf full
interrupt. The UART timeout register is a 16-bit counter, similar to the baud rate generator and should be set to 1
Y bit periods, using the following formula:

Timeout = MCLK/BAUDRATE

Exercise 19: UART
This exercise configures the UARTO and enables the interrupts to echo back data sent from a terminal
on the PC using the UART FIFO buffers
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4.12 Buffered SPI

The STRY has three fully independent SPI peripherals that support full duplex communication at speeds up 6
Mb/sec. The SPI peripherals provide a fast communications channel for serial communication between the STR7
and other devices on the same circuit board with the STR7 configured as a master or slave device. The SPI
protocol is a master slave protocol designed for point-to-point communication between two devices. Each SPI
slave device has a slave select pin that is used to enable a selected device prior to communication from the
master. If there are multiple devices on the SPI bus, the master is responsible for ensuring that only a single slave
device is selected before communication begins. Once a slave is selected data can be shifted out from the master
with a clock provided by the master. Since the SPI channel is a full duplex channel as the data from the master is
shifted out a word of data from the slave is shifted into the master. Only data is transferred on the SPI bus so
there is no protocol overhead making for a fast, easy-to-use serial connection.

Like the UARTS, both SPI peripherals are exact duplicates so code developed to run on one SPI peripheral will
also work on the other peripheral.
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External SPI devices may be easily interfaced to either BSPI peripheral. The master slave select pin
should be pulled high during operation.

The SPI peripherals have a standard four-wire interface to the SPI bus that consists of the Master-in, Slave-out
(MISO) and Slave-out, Master in (MOSI) data bus, a serial clock pin and a slave select pin.

The STR730 contains two
buffered SPI peripherals.
Each SPI peripheral contains
its own baud rate generator
and 10 word deep FIFOs for
receive and transmit.
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Each SPI peripheral is controlled by five special function registers located in the APB peripheral block.

The SPI interface consists of only five registers. Its
performance is enhanced by TX/RX FIFOs and DMA
support

After a hardware reset the SPI peripheral will be configured as a slave device. If you intend to use it as a master
device you must configure the Master Clock Divide register, prior to switching from a slave to a master device.
This divides down the APB clock to give the SPI clock. The value programmed into the clock divide register must
be even and a minimum of six in master mode and a minimum of eight in slave mode.

SPI bit rate = APB/BSPI_CLK

The remaining configuration bits are in the Control/Status Register_1 register. Here the BSPI peripheral can be
configured to match the transmission characteristics for the other devices on the bus.

18 14 13 12 11 1 g B i 8 B 4 3 2 1 i)
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Control status register 1 configures the operating mode of the BSPI peripheral and sets the clock
parameters to match those of the external SPI device. Here you can also set the word length and

enable the FIFOs.
I | |
HOHHN, o
| | |
XX om
| | |

The SPI protocol allows for different clock phase and polarities. If you are using master mode, the CHPA bit
allows you to select the clock phase to capture data on the leading or training edge of the clock and the CPOL bit
allows you to define the clock polarity as active high or active low

CPOL=0

—_—y —_—

CPOL=1
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After configuring the clock characteristics the word length for data transmission can be selected. The STR7 SPI
peripheral is particularly suitable for high-speed data transfer.

18 14 13 12 1 10 g B i L B 4 3 2 1 i)
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Control Register 2 contains the BSPI status flags and interrupt enable bits. The DFIFO bit is used to
reset the FIFOs and should be used during the BSPI initialisation process.

Firstly most microcontrollers only support transmission and reception of eight bit words. The STR7 SPI peripheral
supports both an 8- or 16-bit word length. Secondly both the receive and transmit shift registers have FIFO
buffers of up to ten words deep. Both these features are configured in status/control registers. Finally MSTR bit
allows you to select master or slave mode and the BSPE bit enables the SPI peripheral for operation.

PCU_BOOTCR = 0x00000004 ; // enable SP10 oscillator

for (delay = 0;delay<0x200000;delay++); // wait for the clocks to stabilise
BSPI0_CLK = 0x3C; // set clock divider 30 MHz/60 = 500000
BSPI1_CSR1 = 0x01; // enable SPI1

4.12.1 SPI Master Mode

Once the SPI peripheral has been configured in master mode, data can be transmitted. When the transmission
starts, the slave select pin will go low to enable the external SPI peripheral for the duration of the transmission. If
you have more than one external peripheral then additional GPIO pins must be used to select the desired
peripheral.

Transmission is actually started by writing into the TX data register. Writing into the lower half word of this
register will transfer data into the TX FIFO were it will be queued for transmission or if the FIFO is disabled it will
be transferred directly into the SPI transmit shift register. If you are using an eight bit word the data is left justified
so you must shift the data eight bits to the left so that it is located in the upper byte of the half word.

15 LE LI 12 1 10 -] B r ] 5 L 3 2 1 a

_ NG TH]154]
TV R T e

k .
B =
L 1“:. ﬂl _
[FEET ST,
el =

A 16-bit half-word may be written directly to the BSPI TX register. However for 8-bit operation the data
must be shifted 8-bits to the left.

In the control registers there are flags for Transmit FIFO full, Transmit FIFO empty, Transmit FIFO not empty all of
which can be used to control the flow of transmitted data. There is also a transmit underflow flag which is set
when the transmit FIFO is empty and the transmit shift register has finished sending data. A transmit interrupt can
be generated when either the FIFO full, FIFO empty or FIFO underflow flag is set.

BSPI0_CSR1 |= 0x02; // set master mode
BSPI10_CSR2 |=0x01; // clear the FIFO

10PORT2_PD &= OX7FFF; // Pull a GPIO line used as a slave select line low
BSPIO_TXR = OxF900; // Write to the TX buffer
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As data is shifted into the SPI peripheral it will be transferred into the receive FIFO and can be read directly from
the receive register. Like the TX register, the data can be read from the lower half-word if using 16-bit mode or the
upper byte of the lower half-word if using 8-bit mode.

5 4 13 12 m 10 8 8 f B 5 & 3 2 1 a
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A 16-bit half word may be read directly from the BSPI RX register. However for 8-bit operation the data must be shifted
8-bits to the right.

The control registers contain flags for Receive FIFO full and Receive FIFO empty conditions, as well as Receive
FIFO overflow, which is set if the CPU has not read data from a full FIFO and more data has been received. A
receive interrupt can be enabled for either the FIFO not empty, or FIFO full condition.

4.12.2 SPI Slave Mode

In slave mode the slave select and serial clock pins act as an inputs to the SPI peripheral. When the slave select
pin is pulled low the data bus will be activated and the SPI bus clock will provide the peripheral clock. Data on the
bus will be shifted into the RX data register and any transmit data in the TX FIFO will be shifted out to the SPI bus
master. The same transmit and receive interrupt structure is available in slave mode and it is up to the CPU to
respond to the bus master in a timely fashion.

BSPI11_CSR1 = 0x01; // enable SPI1

BSPI1_CSR1 |= 0x04; // enable receive interrupt

BSPI1_CSR2 |=0x01; // clear the FIFO

BSPI11_TXR = OxAFO0O0; // load the TX buffer, this will be sent when a master

// communicates to this SPIl device

4.12.3 SPI Error Interrupts

In addition to the transmit and receive interrupts, the SPI peripheral has a bus error interrupt. In master mode this
interrupt will be generated if the slave select pin is pulled low by another device. This indicates that there is a
second master on the bus and that there is a bus contention.

4.12.4 DMA Support

Each of the three BSPI peripherals has a dedicated DMA channel. This channel can be used to send
or receive data to and from the BSPI peripheral, depending whether it is in transmit or receive mode.
Control Register 3 is used to configure the DMA channel within each DMA channel.

15 14 13 12 11 10 9 ] T 5] <] i | 2 1 Y]
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The BSPI peripheral supports DMA transfers to and from the transmit and receive registers. The DMA
support is enabled within Control Register 3.
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The DMA channel can be configured to burst transfer blocks of data between the peripheral registers and
memory. The burst sizes are configured in the RBURST_LEN and TBURST_LEN fields and can be configured to
transfer packet sizes of 1, 4, 8 and 16 words whre the word size corresponds to the SPI word length configured in
Control Status register 1. Since the data is stored in the transmit and receive FIFOs, the FIFOs must be enabled
with a size that matches or exceeds the DMA packet size. Once the burst length has been selected you must
enable DMA transmit and receive transfers with the RREQ_EN and TREQ_EN bits, as required, and then globally
enable the BSPI transfer by setting the DMA_EN bit. In addition, the DMA channel must be configured as
discussed in Chapter 3. The code below demonstrates how to configure a BSPI transmit and receive DMA
transfer

If you are using a burst transfer size of greater than one word you must be aware that a DMA receive
transfer will only be made when the FIFO fills up to the burst size. For example, if the burst size is four
words and seven words are received into the FIFO, one DMA transfer will be made and three words
will remain in the FIFO until another word is received and the burst transfer size is reached.

Exercise 20: BSPI
This example connects the two BSPI peripherals together and configures them as master and
slave. The master is then used to initiate the transfer of data between the two peripherals.
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4125 The 12C Module

The STR7 has two 12C communications peripherals. Like the UARTs and the SPI peripherals the two 12C
modules are both fully independent modules and are code-compatible. The 12C modules support 12C
communications up to 400KHz and can operate in both master and slave mode. The 12C peripheral also supports
multi-master communication. Each 12C peripheral is interfaced to other 12C devices by two pins. One of these
pins is used to carry the serial clock and the other the serial data.

+
o
=

Ra4 4K7
10K

SDA 1

$40 SCL A Ul SCL
D" .
- not WC
W SPDT
+3V 12C_EEPROM M24C08

VCC 45V

| * connect to pull-up by default

The values R43 and R45 depend essentially on the 12C
communication speed.
C40 For more details on theses values, please refer to the
100nF STR73x reference manual

I

Like the SPI bus the 12C bus allows easy interfacing to external devices.

Like the SPI protocol 12C is a master slave protocol. In a typical system a single master controls all
communication and the slaves can only respond to its commands. A typical I12C bus transaction is shown below.

A om Acknowiadge (SOA low)
[ From Master © Siave A = Not Acknowledge (SDA high)

S = START condstion
P = STOP condibon

|| From Stave to Master

The transaction begins with the master generating a start condition, followed by the address of the node which is
to be the destination of the message data. The 12C protocol uses a 7-bit address, which supports a network of
127 nodes and one global “General call” address. The eighth bit is used to signal a read or write request to the
selected device. Once the master has sent the start condition and the address byte, the slave device will send a
handshake in the form of an acknowledge. In the case of an error a NotAcknowledge will be sent and the master
will start again. Once the slave has been selected and the direction of data transfer has been established, the
actual data transfer will take place, with each byte being acknowledged by the receiving node. Finally the master
will end the transaction by placing a stop condition on the bus.
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| Data Register
SDA

Data Control it
' Il

Comparator

Own Address Registers 1 &2

The STR73x contains two 12C peripherals
with internal baud rate generators which
support master and slave mode .

N Ly 2 Clock Control

Clock Control Register

Ext. Clock Control Register

Control Register

Status Registers 1 &2

Control Logic

Interrupt

The STRY7 12C peripheral may be thought of as an 12C engine in that it can generate the clock and data signals to
send and receive data and also generate the start, stop and handshake signals. Your software is responsible for
managing the data content of the 12C transaction to successfully communicate with other I2C devices on the
network.

The 12C module is controlled by 7 registers but has two
interrupt channels. One interrupt is used for data
handlina the other for control and error containment.

After a reset the 12C peripheral is disabled. To configure the peripheral you must first set the bit rate by
programming the clock control registers. The clock control register and extended clock control register contain a
12-bit prescaler, which is used to divide the APB1 clock to give the desired clock rate.  In addition, the clock
control register allows you to select either standard 12C mode or Fast I12C mode. If you plan to run the bus faster
than 100Kb/sec, you should select fast mode. Once the bit rate has been set, the peripheral can be enabled by
writing to the PE bit in the control register. You must write twice to the PE bit in order to enable the 12C peripheral.

As the 12C peripheral has to respond to every event on the bus it is generally best make this device interrupt-
driven. Internally each I2C peripheral has eleven interrupt sources. These are split into the two categories of “Bus
events” and “data Transfer” . Each group of interrupts has an interrupt channel connected to the EIC. The
interrupts are enabled by setting the ITE bit in the control register. This bit enables both interrupt channels so you
must provide two interrupt service routines.
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12C_OAR2 = 0x00000080; // Set frequency bits for 50K bit rate
12CO_CR = 0x00000020; // enable the 12C module

12CO_CR = 0x00000020; // write twice to enable

12CO_CR |= 0x00000001; // enable the ITE interrupt

12CO_CR |= 0x00000004; // enable Ack

12CO_CCR = 0x0000002C; // set the bit rate at 50K

12CO_ECCR = 0x00000003; // set the upper clock register bits
12CO_OAR1 = 0x00000002; // Set own address

4.12.5.1 12C Addressing

The default addressing mode in the I12C module is a 7-bit address. This address must be placed in the highest
seven bits of the own address 1. Register bit zero is not used. When a master addresses a node, it will place a
matching address in the data register and bit zero is used to signify a read or write transaction. If bit zero is set to
1 it is a read and zero is a write. The 12C peripherals are also capable of using a 10-bit addressing mode. In this
case, the address byte sent after the start bit must start with the pattern “11110’ followed by the first two bits of the
address. The least significant bit is again used to demote a read or write transaction. Transmission of the ‘11110’
pattern will cause the ADD10 flag to be set as a request to send a second address byte containing the remaining
eight bits of the address. Once the address has been sent, the data transmission carries on as in the 7-bit mode.

4.12.5.2 Slave Mode

After reset the STRY7 12C peripherals will be in slave mode and if you intend to make the STRY7 a slave device, an
unique network address must be programmed into own address register. Here you can set the local 7-bit address
or if you are using 10-bit addressing, the additional address bits are placed in the own address register 2.

Once the 12C peripheral is fully configured it will wait for a master device to start a transaction. As soon as the
master has placed the start condition on the bus and written the node address of the STR7 onto the bus, the
STRY peripheral will respond with an acknowledge handshake and generate a bus event interrupt. In this interrupt
the STRY can read the flags in the status registers.

7 6 5 4 3 2 1 0

EVF ADD10 TRA BUSY BTF ADSL M/SL SB

Depending what part of the 12C transaction has been reached different combinations of the flags will be set and
either the bus event or data transfer interrupt will be generated. The data register is used to send and receive
data directly into the 12C bus as data is received you can read it from this register or write to it when you need to
send data.

When the ITE bit is set in the control register, two interrupt channels are enabled to the EIC. The ITERR channel
will generate an interrupt when any flag in status register 2 is set and when the start bit (SB), address match
(ADSL) or 10 bit addressing flags (ADD10) in status register 1 are also set. The second interrupt channel will
generate an interrupt when the Byte transfer finished flag in status register 1 is set. This means that the handling
of the 12C receive is split over two interrupt routines. The code below demonstrates the minimum handler you
need to receive a single byte.
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The ITERR routine waits for the 12C peripheral to be addressed and reading status register 1 clears the flags.
When the data has been sent the, stop flag will trigger the ITERR interrupt, which reads status register 2 and
clears the flags.

void 12C1_ITERR_isr ( void )
{

unsigned int status;

SWITCH_IRQ_TO_SYS;
iF(12C1_SR1 & 0x84)

{ ; // node address detected
if(l%Cl_SRZ & 0x08)

; // stop bit detected

SWITCH_SYS_TO IRQ;

// clear IRQ Pending bit
EIC_IPRO = CHANNEL(8);

}

Once the node has been addressed the next byte send will be interpreted as data and will trigger the TX_RX
interrupt and the data can be read out from the data register.

void 12C1_IRQ_isr ( void )
{

unsigned int dummy;
SWITCH_IRQ_TO_SYS;

while(?(12C1_SR1 & 0x88)) // Wait for slave to detect data
{

}
dummy = 12C1_DR; // read the received data
SWITCH_SYS_TO_IRQ;

// clear IRQ Pending bit
EIC_IPRO = CHANNEL(16);
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4125.3 12C Master Mode

After the 12C peripheral has been configured you can enter Master mode by writing to the start bit in the control
register. This places a start condition on the bus and places the STR7 in the role of bus master until the end of the
transaction, when a stop condition is generated by setting the stop bit in the control register. Once the transaction
has ended the 12C peripheral will revert back to a slave device. This is intended to allow another network device
to act as a master an initiate a bus transaction. The same interrupt framework can be used in master mode - you
simply need to respond to the additional combination of status bits. In master mode the background code must
write to the control register to send the start bit and place the 12C peripheral into master mode.

12CO_CR ]|= Ox08; // send start bit
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Once the start bit has been sent an ITERR interrupt will be generated. This interrupt is used to send the node
address you wish to send data too and then send the first byte of data.

void 12CO_ITERR_isr ( void )
{

SWITCH_IRQ_TO_SYS;
switch(TX_state)

case (0):

while(1(12C0_SR1 & 0x81) );

12CO_DR = 0x04;
TX state = 1;
break;

case(1):

while ( '(12CO_SR2 & 0x20));

12CO_CR |= 0x20;
12C0_DR = OxAA;
TX _state = 2;
break;

default :
break;

}

// Wait for bit Start condition to be sent

// Wait for address to be sent

// Write to Control register
// Send data

Once you start to send data bytes the TX_RX_INT interrupt will be generated. This can be used to send further
data bytes, or you can end the transaction by sending a stop bit.

void 12CO_IRQ_isr ( void )

SWITCH_IRQ_TO_SYS;

/* BEGIN USER CODE 12CO_IRQ */

while ( 1(12CO_SR1 & 0x88))

}
12CO_CR |= 0x02;
TX_state = O;

/* END USER CODE 12CO_IRQ */

SWITCH_SYS_TO_IRQ;

// clear IRQ Pending bit
EIC_IPRO = CHANNEL(15);

// Wait for data to be sent

// Send stop condition

Exercise 21: 12C Loop Back

them.

This exercise configures both 12C modules as master and slave and transfers data between
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4.12.6 The CAN Controllers

Variants of the STR7 are available with an integrated CAN controller on-chip. The STR730 covered here has two
identical but independent CAN modules. The CAN controller is one of the more complicated peripherals on the
STRY. In this section we will have a look at the CAN protocol and the STR7 CAN peripherals.

The Controller Area Network (CAN) Protocol was developed by Robert Bosch for Automotive Networking in 1982.
Over the last 22 Years CAN has become a standard for Automotive networking and has had a wide uptake in non
-automotive systems where it is required to network together a few embedded nodes. CAN has many attractive
features for the embedded developer. It is a low cost, easy to implement peer-to-peer network with powerful error
checking and a high transmission rate of up to 1 Mbit/sec. Each CAN packet is quite short and may hold a
maximum of eight bytes of data. This makes CAN suitable for small embedded networks that have to reliably
transfer small amounts of critical data between nodes.

4.12.6.1 I1SO 7 Layer Model

In the ISO seven layer model the CAN protocol covers the layer two ‘data link layer’, that is forming the message
packet, error containment, acknowledgment and arbitration. CAN does not rigidly define the layer 1 ‘Physical
layer’ so can messages may be run over many different physical media. However the most common physical
layer is a twisted pair and standard line drivers are available. The other layers in the ISO model are effectively
empty and the application code directly addresses the registers of the CAN peripheral. In effect the CAN
peripheral can be used as a glorified UART, without the need for an expensive and complex protocol stack. Since
CAN is also used in industrial automation, there are a number of software standards that define how the CAN
messages are used to transfer data between different manufacturers’ equipment. The most popular of these
application layer standards are CANopen and DeviceNET. The sole purpose of these standards is to provide
interoperability between different OEM equipment. If you are developing your own closed system you do not need
these application layer protocols and are free to implement you own proprietary protocol, which is what most
people do in practice.

. ) Object layer
AppllCEl[lO]‘l LEI_\'CI' Prioritizer Message Handling
Acceptance filtering
Presentation Layer
Transter Laver
Session Laver Fault confinement
- Error detection
Acknowledgement
Message framing

Transport Layer

Arbitration

Network Layer

. Physical layer
Data Link Layer 31t representation

Transter rate
Phvsical Laver Signal level and timing,
. . T————_____Transmission medium
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4.12.6.2 CAN Node Design

A typical CAN node is shown below. Each node consists of a microcontroller and a separate CAN controller. The
CAN controller may, as in the case of the STR7, be fabricated on the same silicon as the microcontroller, or it
may be a stand-alone controller, in a separate chip to the microcontroller. The CAN controller is interfaced to the
twisted pair by a line driver and the twisted pair is terminated at either end by a 120 Ohm resistor. The most
common mistake with a first CAN network is to forget the terminating resistors and then nothing works!

Microcontroller

CAN node hardware: A typical CAN node has
a microcontroller, CAN controller, physical

4 . . layer and is connected to a twisted pair
CAN Controller terminated by 120 Ohm resistors.

TX0 TT[ R¥0 RXI

| [
CAN Transceiver

CANL tﬁ'.-\T H
R [j D N

One important feature about the CAN node design is that the CAN controller has separate transmit and receive
paths to and from the physical layer device. So as the node is writing onto the bus it is also listening back at the
same time. This is the basis of the message arbitration and for some of the error detection. The physical layer is
implemented with a dedicated 8-pin line driver
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i Heeme ito in an external 8 pin package available
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- ok o from ST and second sourced by a
s DB number of other manufacturers.
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The two logic levels are written onto the twisted pair as follows, a logic one is represented by bus idle with both
wires held half way between 0 and Vcc. A logic Zero is represented by both wires being differentially driven.

vV ‘\ Recessive Donunant Recessive
354
i CAN Physical layer signals: On the CAN
v bus logic zero is represented by a
15 CANL maximum voltage difference called
N v dominant, logic 1 by bus idle called
- CaNH recessive. A dominant bit will overwrite
1 arecessive bit.
1.5
-
t
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In CAN speak, a logic one is called a “recessive” bit and a logic zero is called “dominant” bit. In all cases a
dominant bit will overwrite a recessive bit. So if ten nodes write recessive and one writes dominant then each
node will read back a dominant bit. The CAN bus can achieve bit rates up to a maximum of 1 Mbit/sec. Typically
this can be achieved over about 40 metres of cable. By dropping the bit rate longer cable runs may be achieved.
In practice you can get at least 1500 metres with the standard drivers at 10 Kbit/sec.

4.12.6.3 CAN Message Objects

The CAN bus has two message objects that may be generated by the application software. The message object
is used to transfer data around the network. The message packet is shown below:

Control

. DATA Field Error control and end of frame
Field

Arbitration Field

o | 29 Bit Identifier DLC 0 - 8 Bytes Data 15 it CRC C EOF

—» |ms =

Remote transmit request

Data length code

CAN message packet : The message packet if formed by the CAN controller, the application
software provides the data bytes the message identifier and the RTR bit.

The message packet starts with a dominant bit to mark the start of frame. Next comes the message identifier.
This may be up to 29 bits long. The message identifier is used to label the data being sent in the message packet.
CAN is a producer-consumer protocol. A given message is produced from one unique node and then may be
consumed by any number of nodes on the network simultaneously. It is also possible to do point-to-point
communication by making only one node interested in a given identifier. Then a message can be sent from the
producer node to one given consumer node on the network. In the message packet the RTR bit is always set to
zero - this field will be discussed in a moment. The DLC field is the data length code and contains an integer
between 0 and 8 that indicates the number of data bytes being sent in this message packet. So although you can
send a maximum of 8 bytes in the message payload, it is possible to truncate the message packet in order to
save bandwidth on the CAN bus. After the 8 bytes of data there is a 15-bit cyclic redundancy check. This
provides error detection and correction from the start of frame up to the beginning of the CRC field. After the CRC
there is an acknowledge slot. The transmitting node expects the receiving nodes to assert an acknowledge in this
slot within the transmitting CAN packet. In practice the transmitter sends a recessive bit and any node that has
received the CAN message up to this point will assert a dominant bit on the bus, thus generating the
acknowledge. This means that the transmitter will be happy if just one node acknowledges its message or if 100
nodes generate the acknowledge. So when developing your application layer care must be taken to treat the
acknowledge as a weak acknowledge rather than confirmation that the message has reached all its destination
nodes. After the acknowledge slot there is an end of frame message delimiter.

It is also possible to operate the CAN bus in a master slave mode. A CAN node may make a remote request onto
the network by sending a message packet which contains no data but has the RTR bit set. The remote frame is
requesting a message packet to be transmitted with a matching identifier. On receiving a remote frame the node
which generates the matching message will transmit the corresponding message frame.

As mentioned the CAN message identifier can be up to 29 bits long. There are two standards of CAN protocol,
the only difference being the length of the message identifier.

3 Remote Transmit Request: The RTR
O Identifier RTR|DI.C CRC ACK | EOF frame is used to request message
F packets from the network as a
master slave transaction.
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It is possible to mix the two protocol standards on the same bus but you must not send a 29-bit message to a
2.0A device.

i'l.lnu,: wilh | TS I\.l\.|l:|‘|
11 bt 11 2 bt 11 CAN Type Identifier Type
it ot ' B O ' B OK CAN 2.0A 11-bit identifier
AN Aodiile
Y KT B : CAN 2.0B Passive 11-bit identifier
¥ 206 Fadaive I Bx Ok | emisred
AN Module "
CAN 2.0B Active 29-bit identifier
VINA CAN e Rx OK
Mlodule s Hus EREE

4.12.6.4 CAN Bus Arbitration

If a message is scheduled to be transmitted onto the bus and the bus is idle it will be transmitted and may be
picked up by any interested node. If a message is scheduled and the bus is active it will have to wait until the bus
is idle before it can before transmission. If several messages are scheduled while the bus is active they will start
transmission simultaneously, being synchronised by the start of frame bit, once the bus becomes idle. When this
happens the CAN bus arbitration will take place to determine which message wins the bus and is transmitted.

Node A
Node B A
Node C
= Arbitration phase of message frame CAN arbitration: Message

arbitration guarantees that

OTITTTTT = Remainder of message frame the most important message

A = Schedules Message Tx ) will win the bus and be sent
Start Bit without any delay. Stalled
Node A T x 1 ] = messages will then be sent

in order of priority, lowest

Node B R T I N value identifier first.
Node C T _|_|_|_<|‘_/_\_/T- T

Node B loses Node C loses

CAN arbitrates its messages by a method called non-destructive bit-wise arbitration. In the diagram above, three
messages are pending transmission. Once the bus is idle and they are synchronised by the start bit, they will start
to write their identifiers onto the bus. For the first two bits all three messages write the same logic and hence read
back the same logic, so each node continues transmission. However on the third bit, node A and C write
dominant bits and node B writes recessive. At this point node B wrote recessive but read back dominant. In this
case it will back off the bus and start listening. Node A and C will continue transmission until node C write
recessive and node A writes dominant. Now node C stops transmission and starts listening. Now node A has won
the bus and will send its message. Once A has finished nodes B and C will transmit and node C will win and send
its message. Finally node B will send its message. If node A is scheduled again it will win the bus, even though
the node B and C messages have been waiting. In practice the CAN bus will transmit the message with the
lowest value identifier.
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4.12.6.5 STR7 CAN Module

CAN TX CAN RX

CAN Core

The STR7 CAN module is a full CAN module with an
integral message RAM that supports 32 user -
configurable receive\transmit buffers.

Message Handler

I -

Registers

Interrupt
Module Interface

=
£
g
o

Data IN
Data OUT

Address[7:0]

The STR7 CAN module will support CAN 2.0A and B with bit rates up to the full 1Mbit/S. It can operate in a basic
CAN mode which is easy to use for simple CAN networks but also has a full CAN mode which enables 32
transmit and receive buffers stored in a block of message RAM located within the CAN peripheral. The full CAN
mode greatly reduces the CPU overhead when you a serving a heavily-loaded CAN network . The CAN controller
register set may split into two halves, the protocol registers and the message interface registers.

The special function registers may be split into two
halves. The protocol registers which configure the
CAN module and the message interface registers
which are used to access the message buffers.

The CAN protocol registers are principally concerned with configuring the CAN controller and with error
containment.
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The CAN protocol registers configure the CAN bus
parameters and manage the interrupt handling and
error containment.

4.12.6.5.1 Initialising The CAN Controller
First we will look at the initialising the CAN controller and then later we will look at the error registers.
4.12.6.5.1.1 Bit Timing

Unlike many other serial protocols the CAN bit rate is not just defined by a baud rate prescaler. The CAN
peripheral contains a Baud rate prescaler but it is used to generate a time quanta i.e. a time slice. A number of
these time quanta are added together to get the overall bit timing.

- CAN bit timing:
Unlike other serial
protocols the CAN
bit period is
constructed as a

number of
| o | segments that
-« 1 Bit Time > allow you to tune
| the CAN data
transmission to the
--4 } } ]--- channel being
- » used.
T Tsegl ? Tseg2
Syne Sample
Seg Point

The Bit period is split into three segments. First is the sync segment, which is fixed at one time quanta long. The
next two segments are Tseg1 and Tseg2 and the user defines the number of time quanta in these regions. The
minimum number of time quanta in a bit period is 8 and the maximum is 25. The receiving sample point is at the
end of Tseg1, so changing the ratio of Tseg1 to Tseg2 adjusts the sample point. This allows the CAN protocol to
be tuned to the transmission channel. If you are using long transmission lines, the sample point can be moved
backwards. If you have drifting oscillators you can bring the sample point forward. In addition, the receivers can
adjust their bit rate to lock onto the transmitter. This allows the receivers to adjust to small variations in the
transmitter bit rate. The amount that each bit can be adjusted is called the synchronous jump width and may be
set to between 1 — 4 time quanta and is again, user-definable.
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To calculate the bit timing, the formula is:

Bitrate = Fek

BRP x ( 1 + Tseg1 + Tseg2)
Where BRP = Baud rate prescaler and Fc.k is the APB1 clock

All of the calculated timing values are stored into the STR7 CAN registers as the calculated value — 1. This is in
order to prevent any timing value being set to zero time quanta.

This calculation has a lot of unknowns. If we assume that we want to reach a bit rate of 125K with a 24 MHz Fck
and a sample point of about 70%.

The total number of time quanta in a bit period is given by (1+Tseg1+Tseg2). If we call this term QUANTA and
rearrange the equation in terms of the baud rate prescaler.:

BRP = FCLK Hz

Bit rate x QUANTA

Using our known values:

BRP = 24MHz

125K x QUANTA

Now we know that we can have between 8 and 25 time quanta in the bit period, so using a spreadsheet we can
substitute in integer values between 8 and 25 for QUANTA until we get an integer value for BRP.

In this case when QUANTA = 16 BRP = 12:
Then 16 = QUANTA = (1+Tseg1+Tseg2)
So we can adjust the ratio between Tseg1 and Tseg2 to give us the desired sample point:
Sample point = QUANTA x 70
100
Hence 16 * 0.7 = 11.2
Round this to the nearest integer gives the sample point at 11 time quanta. The sync segment is always equal to
1 so Tseg1 = 11-1 =10 and Tseg 2 will be equal to 5. Using these values the sample point will be at 68.8% of bit
period.

The value for the synchronous jump width may be calculated by the following rule of thumb.

Tseg2 >= 5 * Tq, then program SJW to 4
Tseg2 < 5 * Tq, then program SJW to (Tseg2 - 1) * Tq

In this case SJW = 4.
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Remember that the actual values programmed into the timing register are the calculated values minus 1 hence
the bit timing register is equal to 0x49CB. If the calculated value for the baud rate prescaler is greater than 64 the
first six bits are programmed into the CAN_BRT register and the upper bits ( minus 1) are programmed into the
BRP extension register. This allows you to divide the Fcik by a maximum of 1023.

4.12.6.5.2 Configuring The CAN Module

Now that we have calculated the values for the CAN bit timing values we can perform the initial configuration of
the Can module.

15 14 13 12 11 pLH] B B T & B i b 2 1 0

my r r r

Before the CAN timing parameters can be programmed the CAN controller must be placed into reset by
setting the init bit in the control register

After reset the CAN controller is held in its initialising mode with the init bit in the Can control register set to one.
This allows the access to the timing registers once the init bit is set to zero the CAN controller enters its operating
mode and the bit timing registers become read only. The values calculated above can be programmed into the bit
timing register and the baud rate extension register.

18 14 13 12 11 1 g B i 8 B 4 3 2 1 i)
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The Timing register has fields for each of the bit timing parameters calculated in the bit timing example

Here it is important to note that the values programmed into the timing registers are the calculated values, minus
one. This ensures that a timing segment cannot be programmed to zero length.

CANO_CR =  0x000000C1; // init config change and test enable
CANO_BRPR =  0x00000000; // set extended Baud rate prescaler to 0O
CANO_BTR =  0x000045C3; // set bit rate to 500K for FCLK = 24 MHz
CANO_TESTR =  0x00000004; // set into basic mode

CANO_CR = 0x00000080; // set into running mode, test bit set

The CAN TX pin ( P1.12) should be set to alternate function, however the CAN RX pin (1.12) should be set to
CMOS ftristate input for the CAN peripheral to work.
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4.12.6.5.3 Using The CAN Module

Once the CAN module is fully configured, it may be used to send and receive packets of data. The STR7 CAN
module has two operating modes. For simple CAN networks with low data rates, there is an easy-to-use basic
CAN mode which has a single transmit and receive buffer. For more demanding networks with higher data rates
there is a full CAN mode which has multiple transmit and receive buffers. In either of these modes the CAN data
is accesses via the message interface registers.

M — 1 The CAN module has two sets of message interface
33000 Imeriace registers. In Basic mode these act as transmit and

receive buffers. In Full CAN mode they act as windows

to the message RAM
Massage Inleruce 2

4.12.6.5.3.1 Basic Mode

The CAN module enters the basic CAN mode during initialisation by setting the Basic bit in the test register.
15 i4 13 12 11 i [4) =] B F ] & i 3 2 1 i)

r I T ] T J ¥ r I rm i ]

W w L] w

The test register contains the BASIC bit which switches the CAN controller between Full and Basic CAN
modes.

When basic mode is entered the message interface registers are configured as a transmit and receive buffer.

The message interface registers are used as transmit
and receive buffers in basic mode. In full CAN mode
they are used to program the 32 message objects in
the CAN message RAM.

T & F
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In the basic mode the IF1 registers act as the transmit buffers and the IF2 registers act as the receive buffers.
However both interface blocks have the same register layout. To transmit a message in basic mode the message
identifier must be programmed into the arbitration registers. Next the message data is placed in the data registers
and the data length code is programmed into the control register. Finally to send the message the busy bit in the
command register must be set. Now the CAN message will be scheduled for transmission and will begin
transmission as soon as the bus enters an idle state. When a message is received, its identifier is placed in the
arbitration registers and the data is available from the data registers and a receive interrupt is generated. This
potentially means that in basic mode, all messages on the network will be received by the STR7 CAN controller.
This would cause an interrupt on the CPU everytime there was data on the CAN network, rapidly loading the
CPU. To avoid this problem the receive buffer has a message filter that can be set to only accept a specific
message or range of messages.

CANO_IF1_A1R =  0x00000000; // Clear the arbitration register

CANO_IF1_A2R =  0Ox0000A001; // Set the 1D for a standard message

CANO_IF1_MCR ]=  0x00000001; // Set the data length code to send just one
// byte

CANO_IF1 DA1R = 0x00000055; // Write the data in dataO register

CANO_IF1_CRR =  0x00008001; // Set the busy bit to start transmission

In basic mode the IF2 message registers become the receive buffer. However it must be enabled by setting the
message valid bit in the upper arbitration register.

CANO_IF2_A2R =  0x8000;

When a message is received the new data flag in the message control register will be set and the new message
packet may be read from the IF2 registers. The new data flag must be cleared to unlock the IF2 registers so
another message may be received.

iF(CANO_IF2_MCR & 0x8000)

{
id = (CANO_IF2_A2R >>2) &0x000007FF; // read the ID 11 bit standard
dlc = CANO_IF2_MCR & 0x0x0000000F // read the data length code
test = CANO_IF2_DA1R; // read the message data
CANO_IF2_MCR &= ~0x8000; // clear the new data flag

¥

4.12.6.5.3.2 Full CAN Mode

While basic CAN mode is easy to use, it does mean that an interrupt will be generated for every message
received and even with the use of the message masks in a medium to heavily loaded network, this will put a
significant loading on the CPU. The STR7 CAN module has a full CAN mode that enables a block of message
RAM. This message RAM is configured as 32 message objects which may be individually configured as transmit
or receive objects.

Message Interface 1 - Object 0 The message RAM is arranged as
32 message buffers that can be

individually configured as
Maszage Object 1 transmit or receive buffers. The
two sets of message interface
Message Inerface 2 v & Message Object n registers can access any of these
buffers to send and receive CAN
messages.

Message Object 31

© Hitex (UK) Ltd. Page 123



hitex

Chapter 4: User Peripherals
DEVELOPMENT TODLS

The message RAM is accessed by the transmit and receive message buffer registers that were used in the basic
CAN mode. These two registers sets each become a floating window which can be set to interface to any
selected message object in the message RAM to read and write data. In full CAN mode the two interface register
sets both act as interface “windows” and unlike Basic CAN mode, do not have specific transmit or receive
functions. They can be used to perform either task. Each of the 32 message objects may be configured as a
transmit or receive buffer when the CAN controller is initialised. The transmit objects can be configured with the
message identifier and DLC initialised, so to send a given message, the CPU simply has to update the data and
schedule the message for transmission. So if your CAN application generates say 10 different messages onto the
bus, each message may have its own transmit buffer. The remaining message objects may be configured as
receive objects. The message mask and arbitration registers allow each message object to receive a specific
CAN identifier or range of identifiers. This allows you to use the remaining message objects as dedicated receive
buffers. When a message arrives at the CAN controller, the enabled receive objects are scanned to find an
message object that matched the message identifier. If a match is found, the message is stored and a receive
interrupt is generated. When the CPU responds to the message it can examine the New data registers to locate
the updated message buffer. The data can then be read directly, without having to examine the message
identifier. The message objects are particularly suitable if you are running a “loose” network. By this we mean it is
not necessary to capture every CAN message. For example, you may have a CAN message that is sent every
100ms and contains a temperature reading. In a process control application, it is not necessary to capture every
temperature reading ( i.e. the trend) but it is necessary to know the temperature now. In such a system a
message object may be configured to receive the temperature message and the data will be refreshed each time
the message appears on the CAN network. The STR7 can then read the current value of the temperature variable
whenever it needs it by accessing the data in the message data registers. In effect, the receive message data
buffers can be thought of as virtual network memory.

£ AN
e [ [

In full CAN mode a message transmitted from one node will update all the message
buffers configured to receive this message. The CAN controller message RAM is like a
page of virtual memory shared across the network.

However if your application must capture every message, a receive interrupt can be generated for every message
that arrives. If you have a heavily loaded network, particularly if the message traffic occurs in bursts, this can
create a lot of interrupts for the CPU to service. The STR7 CAN module allows several of the message objects to
be combined to create a message FIFO for a given message identifier, so we can have “lossy” message objects
for process control messages alongside FIFO buffers for critical lossless messages, all combined in the same
CAN controller.

The message interface registers are used in the same way as for the basic CAN configuration but once the data

has been written to the registers, the command register allows you to select the message object to update by
writing to the message number field.

15 14 13 12 11 10 B B T & 5 it 3 4 1 0

Abaaarge MuTalei
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Data may be transferred to and from the CAN message objects by configuring the message
mask register and then writing the message object number into the command request register.
Durina the data transfer the busv bit is set.
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The command mask register is also used to select which fields within the message object will be written to, or
read from. This allows you to initialise the message objects for transmit or receive and initialise the message
parameters. Then during operation you can selectively read/write the data portion of the message objects.

CANO_CR =  0x00000041; // init and config change enable
CANO_BRPR =  0x00000000; // Clear the extended BRP

CANO_BTR = 0x000045C3; // set bit rate to 500K

//Configure a transmit object ( could use the IF2 registers)

CANO_IF1_CMR =  0Ox000000FO0; // enable write of mask,arb and control
registers

CANO_IF1_M1R =  0x00000000; // Clear the lower mask registers
CANO_IF1_M2R =  0x00000000; // Clear the upper

CANO_IF1_A1R = 0x00000000; // Clear lower arbitration register
CANO_IF1_A2R = 0x0000A004; // Message valed, std frame,transmit, ID1
CANO_IF1_MCR =  0x00000001; // DLC =1

CANO_IF1_CRR = 0x00000001; // write to message object one
while(CANO_IF1_ CRR & 0x8000); // wait for the message object to be

// written to

//configure a receive object ( could use the IF2 registers)

CANO_IF1_CMR = 0x000000F0; // enable write of mask,arb and control
// registers

CANO_IF1_M1R = 0x00000000; // Clear the lower mask registers

CANO_IF1_M2R = 0x00000000; // Clear the upper

CANO_IF1_A1R = 0x00000000; // Clear lower arbitration register

CANO_IF1_A2R = 0x00008004 ; // Message valed, std frame,receive, 1D1

CANO_IF1_MCR = 0x00000000; // clear the message control register

CANO_IF1_CRR =  0x00000002; // write to message object two

while(CANO_IF1_CRR & 0x8000); // Wait for the message object to be
// written to

CANO_CR =  0x00000080; // set into running mode, test bit set

To configure a a group of message objects as a FIFO, you must simply set the message arbitration and mask
registers to the same value for a contiguous block of message objects. In addition, the end of buffer bit (EoB) in
the message object control register for the message object with the highest message object number must be set
to one. The EoB bit in all the other message objects that are part of the FIFO must be set to zero.

Once the message objects are configured you can transmit a message by writing data into the message data
registers and setting the TXRequest bit in the message control register.

CANO_IF1_CMR = 0x00000086; // Write data and control register set

// TXrequest bit
CANO_IF1 _DA1R = 0x00000055; // load some data
CANO_IF1_CRR =  0x00000001; // write to message object one
while(CANO_IF1_CRR & 0x00008000); // Wait for the message object to be written
to

When CAN messages are received, the message identifier will be compared to the message identifiers in the
valid message objects. If the ID matches, the message data will be stored in the message object data registers
and the flag corresponding to the message object in the New data register will be set. The received data can then
be read into the message interface registers and then be made available to the application software.

iT(CANO_ND1R & 0x02 // if message object 2 has received new data
{
CANO_IF1_CMR = 0x00000003; // Mark all data registers for read
CANO_IF1_CRR = 0x00000002; // read message object two
while(CANO_IF1_CRR & 0x00008000); // Wait for the busy bit to clear

CAN_data_0_1
CAN-data_2 3

CANO_I1F1_DAI1R; // read the data from the message registers
CANO_IF1_DAZ2R;
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CAN _data 4 5
CAN_data_6_7
}

CANO_IF1_DBIR;
CANO_IF1_DB2R;

It is important to wait for the busy bit to clear. This takes several cycles and if you read the data registers too

soon you, will get old data.

4.12.6.5.4 CAN Error Containment

The CAN protocol has five methods of error containment built into the silicon. If any error is detected it will cause
the transmitter to resend the message so the CPU does not need to intervene unless there is a gross error on the
bus. There are three error detection methods at the packet level — form check, CRC, and acknowledge and two at
the bit level — bit check error and bit stuffing error. Within the Can message there are a number of fields that are
added to the basic message. On reception the message telegram is checked to see if all these fields are present
if not the message is rejected and an error frame is generated. This ensures that a full, correctly formatted
message has been received.
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acknowledge is received, the transmitter will continue to send the message until an acknowledge is received.
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Frame Check: The frame
check tests that a
correctly formatted Can
message has been
received.

the acknowledge field. If no

Acknowledge: All CAN
frames must be
acknowledged. If there is no
handshake the message will
be re sent.

The CAN message packet also contains a 15 bit CRC which is automatically generated by the transmitter and
checked by the receiver. This CRC can detect and correct 4 bits of error in the region from the start of frame to
the beginning of the CRC field. If the CRC fails and the message is rejected an error frame is generated onto the

bus.
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o a .« Standard 8 byte Data Frame o o Inter Frame Space
I . \ - ] (=Recessive)
1 11t 7 3
[ i () (=] ;
. A e . - 0 (=Dominant)
CRCis Intermission . .
caleulated using I End of Frame CRC: A 15-bit  CRC is
all previous bits ACE Delimiter ~ @Utomatically generated
within the frame ACE Slot which is a  weighted
(stuff bits are not CRC Delimiter polynomial checksum that
included) CRC Sequence provides error detection and
Data Ficld correction across the
Each message Data Length Code MeSSage packet.
frame includes a reserved bit (D)
15 bit CRC .
IDE bit (D)
(checksum) i
RTR bit (D)
Identifier Field
Start of Frame

Once a node has won arbitration it will start to write its message onto the bus. As during arbitration as each bit is
written onto the bus the CAN controller is reading back the level written onto the bus. As the node has won
arbitration nothing else should be transmitting so each bit level written onto the bus must match the level read
back. If the wrong level is read back the transmitter generates an error frame and reschedules the message. The
message is sent in the next message slot but must still go through the arbitration process with any other
scheduled message.

oo otandard 8 byte Data Frame Inter Frame Space

e -

- 1 (=Recessive)

0 (=Dominant)

Transmitting T— Intermission
node expects bus End of Frame Bit check error: Once the
state to be the ACK Delimiter arbitration has finished the
same as the state ACK Slot write and read back
1t 15 transmifting CRC Delimiter mechanism is use for bitwise
N.B. Do not CRC Sequence error checking.
allow multiple Data Field
2:1‘3'2; Data Length Code
messages with reservled bit (D)
the same ID. IDE bit (D)

RTR bit (D)

Tdentifier Field

Start of Frame

This leads to one of the golden rules in developing a CAN network. In a CAN network every identifier must be
uniquely generated. So you must not have the same identifier sent from two different nodes. If this happens it is
possible two messages with the same ID are scheduled together, both messages will fight for arbitration and both
will win as they have the same ID, once they have won arbitration they will both start to write their data onto the
bus at some point this data will be different and this will cause a bit check error, both messages will be
rescheduled, win arbitration and go into error again. Potentially this ‘deadly embrace’ can lock up the network so
beware!

At the bit level CAN also implements a bit stuffing scheme. For every five dominant bits in a row a recessive bit is
inserted. This helps to break up DC levels on the bus and provides plenty of edges in the bitstream, which are

subitration/Data n n+1 n+2 n+3 n+4 n+5 n+6 n+7
| | | | | |
Bit Stuffing: For every five
bits of logic ‘1’ in a row, a
- stuff bit of the opposite logic
C AN Bit Stream Smif is inserte_d. The error fran”!e
I I I I Bit I breaks this rule by being six
n n+1 n+2 n+3 n+4 n+5 n+é n+7 dominant bits in a row.
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used for resynchronisation. An error frame in the CAN protocol is simply six dominant bits in a row. This allows
any CAN controller to assert an error onto the bus as soon as the error is detected without having to wait until the
end of a message.

Heset and Configuration

l Error counters: The CAN controller
moves between a number of error states
Error Adive that_allovy a node to fail in an elegant
fashion without blocking the bus.
— Reset, Configuration
REC=>12Tor and Reception of
TEC => 127 REC < 127 & 28 x 11 recessive bits
TEC < 127
',_,_.- -‘\_\_"‘-\-.
s -,
( Error Passive j e Baus O

TEC = 255 e

REC: Recessive Error Counter
TEC: Transmit Error Counter

Internally each CAN controller has two counters - a receive error counter and a transmit error counter. These
counters will count up when receiving or transmitting an error frame. If either counter reaches 128 then the CAN
controller will enter an ‘error passive’ mode. In this mode it still responds to error frames but if it generates an
error frame, it writes recessive bits in place of dominant bits. If the transmit error counter reaches 255 then the
CAN controller will go into a bus-off condition and take no further part in CAN communication. The CPU must
intervene to reinitialise the controller and put it back onto the bus. Both these mechanisms are to ensure that if a
node goes faulty, it will fail gracefully and not block the bus by continually generating error frames.

4.12.6.5.4.1 STRY Error Handling

Error conditions within the STR7 Can controller are reported in the status register .

6 14 13 1@ 1M 1w @ B y L & 4 3 2 i L

The status register contains the error warning flags and a Last error code that details the last fault
that occurred on the CAN bus.

This register contains flags for busoff and error passive conditions, as well as an early warning error limit, which is
set when the error counters reach a count of 96. In addition to the error flags, there is a last error code field which
reports the type of error condition that was last encountered. In addition, the error counter register allows you to
read the current values held in the transmit and receive error counters.

4.12.6.5.5 STR7 CAN Test Modes

The test register within the Can module allows the module to be configured into a number of special modes.
However before you can write to this register you must set the test bit in the CAN control register. The loopback
mode can be used for self test routines. As its name implies in this mode the TX pin is internally connected to the
RX pin so the Can module receives its own message. This allows you to check the integrity of the Can controller.

Tudl Pl | LBMmch | Slani

e

The test register can set the CAN controller into loopback mode and is also able to manually control the
TX pin and read the RX pin for physical layer testing. The silent mode prevents the controller generating
an acknowledge to any CAN message.
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It is also possible to test the integrity of the physical layer since the TX pin may be controlled by software and the
bus level on the RX pin may be read directly. The TX0 and TX1 bits may write the bus level to dominant or
recessive and this can be read back via the RX bit. The test register also allows you to configure the CAN
controller into “silent* mode. In this mode, the CAN controller is not able to transmit any messages and will not
generate any acknowledges or error frames. It is able to receive messages but does not take any active part on
the bus. You can also use the combination of the loopback and silent modes to do a self-test on a live network,
without any danger of upsetting the operation of that network.

4.12.6.6 Deterministic CAN Protocols

Although it is possible to guarantee delivery of a CAN message within a certain maximum delay, it is difficult to
schedule CAN messages to arrive at regular intervals. Most systems that need exchange data on a regular basis
rely on having enough bandwidth available to allow any message arbitration to be resolved and still have enough
time for a delayed message to reach its target within its time budget. In an effort to make CAN more deterministic,
an extension to the standard CAN protocol called Time Triggered CAN (TTCAN) uses a time-division multiplexing
approach to ensure all CAN messages are schedulable. In the TTCAN protocol, a start of frame message is sent
and then each CAN message is allocated a slot within which it must send its data. Using this approach there is no
arbitration and each message is guaranteed to be delivered at a regular and known rate. However the TTCAN
protocol cannot be implemented with a standard CAN controller because if there is a bus error, a CAN message
would automatically resent. This would cause a message to be sent in the next slot and destroy the determinism
of the system. The STR7 CAN controller has been designed to support the TTCAN protocol by allowing the
automatic retransmission of messages to be switched off. This ensures that if a bus error occurs, the message
will be abandoned for this frame and will be resent by software in its correct slot in the next frame. The automatic
retransmission can be setting by clearing the DAR bit in the control register.

Exercise 22: CAN loop back
This exercise configures the CAN controller in both Basic and Full CAN mode and uses the loop-
back test mode to simulate sending and receiving CAN message packets.

4.13 Summary

The STR73x has a comprehensive set of easy to use peripherals that meet the requirement of today’s
developers. If you have worked through the proceeding chapters accessing the peripherals will be straight
forward. The tutorial programs help you to get each of the peripherals working as quickly as possible. In addition
the bibliography list additional tools and resources that assist development of an STR73x based application.
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5 Chapter 5: Tutorial Exercises

5.1 Introduction

Having read chapter one, you should now have an understanding of the ARM7 CPU. In this chapter we will look
at how to write and debug C code for the ARM7. The example programs given will concentrate on demonstrating
how to use the unique features of the ARM7 discussed in first chapter.

Since the ARM7 is rapidly becoming an industry-standard CPU for general-purpose microcontrollers, this will
allow you to develop code on the STR7 and a number of other devices.

5.2 Further STR730 Examples

The latest versions of these tutorial exercises plus further STR730 example programs can be found at
http://www.hitex.co.uk/str730.
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5.3 Exercise 0: Installing the Software

Once you have inserted the starter kit disk, it will AUTORUN and display the screen shown below:
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Note: During the installation of the HITOP IDE; please select the HIEIM (ool in the
"Gustom Setup™ misnu,

S o
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AT EEanEany Condgeraion ool
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From this screen, install the StartEasy software, GNU C /C++ compiler and the HiTOP debugger software for the
Tantino 7-9 (NOT the standard Tantino). Finally from the Insider's Guide CD, copy the example programs onto
your PC to a convenient directory. When you have finished installing the software you will need to reboot your
PC.
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5.4 Setting up the Hardware

Once the hardware is installed you will need to setup the evaluation board, as illustrated.

p L A |

The boot config jumpers on the STR7 evaluation board should be set to the factory default setting shown below.
This ensures that the STR7 boots from its on-chip FLASH memory. This is discussed further in Chapter 3.

The Tantino7-9 JTAG debugger should be plugged into the debug socket and the power supply plugged into the
power socket on the evaluation board. Next the USB cable should be plugged into the Tantino 7-9 to connect the
JTAG debugger to the PC. Finally a RS232 serial cable should be added to connect the socket labelled “RS232 —
A” to a PC serial port.

5.5 Overview

The installed software discussed in this chapter includes StartEasy, which is a free CASE tool for ST and a
number of other ARM7-based microcontrollers. StartEasy allows you to rapidly define a skeleton project that
configures the most commonly-used peripherals and the interrrupt structure. The GCC compiler is an open source
C/C++ compiler that generates code to run on ARM7-based microcontrollers. The HiTOP IDE is an editing and
debugging environment for all Hitex emulators and debuggers. It will work as a stand-alone ARM7 CPU simulator
(HiSIM-ARM) or as the front-end for the Tantino7-9 JTAG debugger. The evaluation version is limited to working
with an application program that has a maximum size of 16KB, although it is possible to upgrade to a full licence
that allows you to work with any size of code. These three software applications make a complete evaluation
toolchain for the STR7 and will be used throughout the remainder of this chapter. The remaining software on the
disk is an evaluation version of a software testing program called “TESSY” and a software quality toolset called
“Development Assistant for C”.
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5.6 Exercise 1: Setting Up Your First Project

In order to familiarise ourselves with the toolset, we will work through generating a simple “Blinky” LED chaser
example and run this on the evaluation board.

5.6.1 StartkEasy

StartEasy is an easy-to-use case tool which will generate a bare-bones project that contains the necessary
startup code for the STR7, as well as being able to auto-generate C-code to initialise selected peripherals. It also
generates a HiTOP project that allows you to edit, compile and debug this basic project.

To start StartEasy , select and double-click the StartEasy for ARM icon: qj
El

This will open the project settings window, which should be filled-in with the basic project information, as shown
below. The project name will also be the name of the debug file produced by the GCC linker.

ﬂi sdiriLasy for ARM
Fis Edk MHu

(ST -

(B Proet Gellery st Globad Mojsct S ettings
' . [0 M g nePropect z |

| T oo Mt

]
=& Tacpsh
i) Crorpees 0w
Lot Cptiona
—l Sk Sen |HiesUE
— IElT:::-IH.!‘TIA;‘ [Fiie Praject
& Musid Lagis Deazcription; & bt "LED Chasa™ podstct
L] STED St
0 Patd
= Pot
—ig) Pt 3
Past 1
—ii) Pt d

%g_&;

=
-

Next, click on the project settings folder to expand the project settings options and select tool path. There are a
number of different installation packages for the GCC compiler but the package installed here requires the tool
path to be setup as shown below:
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For the current example the compiler options can be left at their default settings but these will be discussed in
more detail later on in this chapter.
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Next open the linker options dialog. The project output files and the linker script file default to the name of your
project. Again, because the GCC compiler can be installed to various locations, check that the linker library paths
are configured to match the current installation.
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Once you have checked the linker options, open the “Stack Size” dialogue. The stack size window allows you to
define how many bytes are allocated to each of the stacks available in the different operating modes of the ARM?7.
The stack configuration is done in the startup code. This is held in an Assembler file that is used to configure the
STRY before it enters the main() function in your C code. For a simple project, we can use the default settings.

Hl starifasy for KR
Pl [dk finfo

Dl |

E

| Promench Senliren

=il Glbud Setngs

b=l Tocipaih

—

[= ¥
) Diebag Toel
—{5] R L ixyiile
Rl=_] ETAT Sebun
Bi=__J Fagect Fier

Cowrpdat Dpteom
Lk Dgiarn
Sk S

LI

st Stack i eorrhs]

[4

[

|un

]
[

After you have examined the stack window, open the CPU dialog. In this window you must select the vendor to be
“ST Microelectronics” and the Type to be the “STR730FZ2". You must also set the Oscillator frequency to be

8.0MHz
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Now open the Debug dialog. Here the option must be set to specify the serial number of your Tantino7-9. You will
find it on the base of the Tantino case. You must also select the version of the HITOP IDE you are using. Here it

is currently 5.20.
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The final option, Build Lodfile, allows you to review the build diagnostic messages generated when you create the
project.
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Once you have finished configuring the project settings, close the project setting folder and open the STR7 Setup
folder. The options in this folder allow us to configure the STR7 bus, CPU clocks, the interrupt structure and the
basic on-chip peripherals. For our “LED Chaser” project, we are going to illuminate the segments on the LED
display on the evaluation board. To do this, we must configure the General Purpose 10. First open the PORT 0
dialog and select the tab for pins 0 to 7. In each dialog box select “Output’. Next click on the 8-15 tab and
configure pins 8 and 9 also as output.
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This finishes configuring the project and the STR7 for our simple “LED chaser” application. To generate the
project, select Edit and Example Applications from the menu toolbar.

File M= Info

Y G Example Applications ... Ctrl+E

From the example drop-down box select the “Blinky” example. Then press the Create button.
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This will generate all the project files into your nominated project directory:
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=l | firskproject
I HISCRIPT
IZ) objects
) source

Inside the project directory are three subdirectories. The source directory contains all the generated Assembler
and C source files. The object directory contains the linker script file and the files generated by the compiler and
linker. The compiler generates listing and object files and the linker produces a map file and an absolute file in
ELF/DWAREF format. The final directory is called the HISCRIPT directory and is used to store any script files that
are used within the debugger. Currently this directory is empty.

5.6.2 Project Structure

The project consists of three source files and three include files, as shown below:

Startup.s These files contain the Assembler startup
Startup_stmicroelectronics.s code which configures the processor
Startup_generic.s before you enter your C code

Main.c This file contains the auto generated

code and the main function

Interrupt.c This file contains the default interrupt
handlers

Main.h Include file for Main.c

STR730.h Include file to define the STR730 SFR'’s

The C source files contains a shell void main(void) function and the auto-generated code in a function called
“init”. There is also a set of comments that define sections were you should put your code such as declarations
and functions. If you place your code within these comments you can change the options in StartEasy and update
the project without overwriting your source code.
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int main(void)
{
/* BEGIN USER CODE MAIN VARIABLES */

/* END USER CODE MAIN VARIABLES */

/* BEGIN USER CODE MAIN INIT1 */

/* END USER CODE MAIN INIT1 */
initQ);

/* BEGIN USER CODE MAIN INIT2 */

/* END USER CODE MAIN INIT2 */
while(1)

{
/* BEGIN USER CODE MAIN LOOP */

10_SETPORT = 10_ON;
for(i=0; i!'=BLINKY_DELAY; i++);
10_CLRPORT = 10_OFF;
for(i=0; i'=BLINKY_DELAY; i++):

/* END USER CODE MAIN LOOP */
}
b
/* BEGIN USER CODE FUNCTIONS2 */

/* END USER CODE FUNCTIONS2 */

The include files are also structured to allow easy maintenance of external declarations. In each include file
declare a function or global, as shown below.

#ifdef MAIN H_

/* BEGIN USER CODE LOCAL VARIABLES */
unsigned int UserVariable;
/* END USER CODE LOCAL VARIABLES */

/> BEGIN USER CODE LOCAL FUNCTIONS */
void UserFunction(void);
/> END USER CODE LOCAL FUNCTIONS */

#else

/* BEGIN USER CODE GLOBAL VARIABLES */
extern unsigned int UserVariable;

/* END USER CODE GLOBAL VARIABLES */
/* BEGIN USER CODE GLOBAL FUNCTIONS */
extern void UserFunction(void);

/* END USER CODE GLOBAL FUNCTIONS */

#endi

The #ifdef symbol is declared once in the home module. When the project is built the declarations are made when
the home module is compiled and will be declared as externals in any other module were the include file is used.
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5.6.3 HIiTOP Debugger
Once you have generated the example project, start HITOP by double-clicking on the HiTOP icon: E
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When the HiTOP program has launched, select “project\open project” and select the HiTOP project in the “Hello
World” project directory. The project file extension is “.htp”. When you do this, make sure the evaluation board

and the Tantino7-9 are connected.
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When you open the project, a reminder screen will be displayed. Click the “I want to continue evaluation” button.
You also have the option to purchase a full licence or get a 30 day trail licence that has no code limitations.
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Once you have passed the reminder screen, HITOP will
start and ask if you want to download your application to
the STR7 FLASH memory. Click OK to begin the FLASH
download. If an error occurs at this point it will most likely
be that the boot jumpers are incorrectly set on the
evaluation board.
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After the FLASH download has finished, your project will be fully loaded and ready for a debug session. The
debugger and its main windows are shown below
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If you close a HiTOP window it can be reopened by moving the mouse cursor onto an unused section of the
toolbar, right-clicking the mouse and then selecting the window you wish to reopen. This menu also allows you to
enable and disable the various toolbars.
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The next sections are a tutorial on how to use the basic features of HITOP to debug and edit your project.
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5.6.3.1 Editing Your Project

To edit the code in your project, do the following:
1. Select the main tab in the source window to display the code in this module.
2. Next right-click and select “Switch to edit mode”

3. So that we can flash each segment of the LED displays, edit the defines at the beginning of the main.c
file to match the code shown below.

/> BEGIN USER CODE DEFINES */

#define 10_SETPORT 10PORTO_PD
#define 10_CLRPORT 10PORTO_PD
#define 10_ON 0x000

#define 10 _OFF Ox3FF

#define BLINKY_DELAY 40000

/* END USER CODE DEFINES */

4. To rebuild the code, select project\build on the main toolbar.

Im Debug RTOS Sy

Open...,

Recent projects 4

Save
Save as...

Close

Setkkings. ..
Compile  Chrl+F7

Rebuild Al l

Reporting of the build progress is shown in the output\build window. If there are errors when you build the project
you can click on the error report and the offending line of code will be displayed in the source window.

=== Build log === v
arn—hitex—-elf-gocc exe —c —gdwarf-2 -HD —00 —-mno—-apcs—fran

- X

arm—hitex-elf-ld exe -T. ~object=~FirstProject.ld ——cref
arm-hitex-elf-1d: mode armelf

objects~startup.o

objects main. o

objects~interrupt . o

=parned-0ptions:

—W255

—Reload

g n

g e

—-5" . .source™ 2

44 [» [Ml [ HISCRIPT Log®, Messages, Build / 4| | v

After the build has finished, the new code will be downloaded into the evaluation board.
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Once this has finished, right-click again in the source window and switch back into debug mode. Now you are
ready to use HiTOP in its debugging mode.

5.6.3.2 Run Control

Once the project is loaded, the STRY7 is reset and the program counter is forced to the reset vector. From here it
is possible to execute code at full speed or single-step line-by-line. The debug toolbar has specific buttons to
control execution of code on the ARM7 CPU.

Hum Chollnhl Sdepover Goto oosor Shos U

‘. + b 4/
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Dovmload Halt Step ko Step ot Sat beakpoint Targst mest

These functions can also be accessed via the debug menu, which also displays the keyboard shortcuts. It is worth
learning the keyboard shortcuts as these are the fastest way to control the execution of your code.

@ Download. .. Ctrl+D
B Upload...
Go F5
Go (disable) Chrl+FS
™ stepInto Fi1
Skep Instruckion Fa
P Step Ower Fio
{P Step Out Chr+FL
o Gounti... Shift+F10
Y GotoCursor Chrl+FLO
TR Reset Alt+R
ResetiGo Ctrl+R.
Breakpoints. ..
@ setjRemove Breakpoint  Chrl+B
= Show PC Lacation

© Hitex (UK) Ltd. Page 146



Chapter 5: Tutorial Exercises

hitex

DEVELOPFMENT TODLE

The source window allows you to browse your C code for any module in the project. There is also a disassembly

window that will show you the actual contents of the program memory.

Disassembly l skarbup  Main ]interrupt ] main.c ]

int main{wvoid)
Il{

I initil;
/* BEGIN USER CODE MATI INITS +/

S SEnable IZC module 0
IZc0 OARE = 0OxE80; S/ 83et freguency bits
— =4 ¥

IIZCD_CR = 0x20; Sfenable the IT20 module
Brzco cr = 0x20;

SATECD COR | = 0x01; Sfenable the ITE interrupt
Brzco cor = Oxzo; S Fset the bit rate at 50K

Brzco EcoR = 0x03;
Brzco _oaril = DxD1; S/5et own address

£

The Project Window allows you to browse your project. Double-clicking on a module or function name will open

the selected file in the source code window.

sOACE x \Workspace - X
8§ -3 12CLoopback - @ 12CLoopback:
—I- ™13 inkerrupt =1~ [ Source Files
fi) Dabt_Handler inkerrupk.c
fi) FIQ_Handler rnair.c
) pabt_Handler startup.s
i) swI_Handler = [ Header Files
i) Undef_Handler STR710.h
=™ main mair.h
) ini = [ Cther Files
) main info.kxt
B8 startup [ Insert a new Folder inta t
—|- ™8 Globals
+- ™18 Functions
- ™8 Variables
@ ABT_Stack
i@ FIQ_Stack
i@ IRQ_Stack
@ SWC_Stack
@ UND_Stack
@ IUSR_Stack
< >

B8 Moduleliew Fileiew 15 Moduleview FileWiew

© Hitex (UK) Ltd. Page 147



hitex

Chapter 5: Tutorial Exercises
DEVELOPMENT TODLS

The current location of the program counter is shown as a yellow arrow in the source window:

TIOPORTE _FPCO = 0x00000000;
IOFORTE PCl = IO PINO | IO PIN1 | IO PINZ
IOPCRTE PCZ = 0x00000000;

int main (wvoid)

=2 F—

S#* BEGIN USER CODE MATHN WARTABLES #/

int ;i_;

The blue squares at the edge of the source window

indicate an executable line of code. If there is no blue while (1)
square, there is no code at this location. If you place i
the mouse icon over a blue square, a pair of braces S BEGIN USER CODE MATN LOOF #/
is displayed.
k{} Io SETPORT = IO ON;
for (i=0; 1!=BLINKY DELAY; i++);
[ | Io CLRPORT = IO OFF;
[ | for (i=0; 1!=BLINKY DELAY; i++);

S* END USER CODE MATN LOOF *7

If you now left-click, the code will be executed until it while (1)

reaches this point. If you move the mouse pointer i

further to the left, the braces are replaced by a circle. S+ BEGIN USER CODE MATN LOOEP +7
If you left-click again, a breakpoint will be set and will
be shown graphically as a red bar across the source

code and a red circle in the margin. IO RETPORT = IO _ON; .
for (i=0; i!=BLINKY DELAY; i++);
] I0 CLRPORT = IO OFF;
[ | for(i=0; il=BLINKY DELAY; i++);

/S #* END USER CODE MATN LOOF #/

1

The ARM7 TDMI JTAG module supports two hardware breakpoints. When you are debugging from FLASH, this
requires careful management. However the Tantino also supports software breakpoints so building your
application to run from RAM will allow additional breakpoints to be set.
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It is also possible to set breakpoints on data variables. This allows you to halt code when a variable is read or
written too. Open the breakpoint menu under debug\breakpoint and select the data tab:

RTOS System  Window  Help

. @ Download. .. Chrl+D
: @ | Address lee. | Typr
- ON la———
1B co F5
Go (disable) Chrl+FS
™ step Into F11
Step Instruction Fa
¥ sStep Over F10
% step Out Chr+FL1
= Gount.., shift+F10
'} Goto Cursor Chrl+F 10
TR Reset Alt+R
ResetiGn Chrl4+R
@ SetiRemove Ereakpoint  Chrl+E |s
Code  [ala
f
1= Show PC Location

Now locate the variable you want to break on, either in the source window or the project browser, then drag-and-
drop it to the breakpoint window. By default, the break condition is on a write to the variable. If you select the local
options this can be changed to read or read/write. The change option gives you full access to programming the
breakpoint condition

|
There are some more advanced breakpoint settings that allow the setting of breakpoints Select Al
“on-the-fly” and conditional breakpoints and these are discussed in the “HiTOP project
S, . o . Read
settings” section at the end of this first tutorial.
& 'Write
Read/\rite

You may also position the program counter on any line of code. Locate the line of code
were you want to place the program counter with the mouse pointer and left-click to
locate the cursor. Next right-click and select “set new program counter”. This will force Dicable

the Program Counter to this location. No other registers are affected so you must use Remove Del

this option with care. m

while (1)

i
/#* BEGIN USER CODE MAIN LOOF #+/

I0 3ETPORT = IO ON;

for (i=0; i!=BLINKY DELAY; i++);
Io CLREORT
foxr(i1=0; 1

Switch to Edit Mode  Chrl+T

Set Breakpoint
S+ END USER CODE ]

Fun to Cursar Line

1 Set New Pﬁgram Counter

} Shiow PC L?u:gatinn

St BEGTN USER CODE Quick. Watch

Add Watkch
S BEND USER CODE FUONCTICIVGZ 7
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The callstack window displays the calling hierarchy of the functions pushed onto the stack. If you double-click on
a function name, the source will be displayed at the point that the program will return to. The local options
displayed by a right-click also allow you to run the program up to a selected return point.

« |57 init) #105 4 || Yariable:
main(] #

1
k Return to
Show Source

v Diocking Yiew
Hide

————p—T

Locals | M

Take some time to become proficient with running the code! You should be able to reset the target, run until
main(), single-step the code, set breakpoints and reposition the program counter

5.6.3.3 Viewing Data

As well as controlling the program execution, it is also possible to view the contents of any memory location within
ARM7 address range. The memory window is the most basic method of viewing and changing the contents of any
memory location.

4 Address | Data ASCIT -
f=tartup#83 A9 00 00 EA OO0 OO0 A0 E1 08 F8 1F EG A8 00 00 E& ... ... ... .. ...
ResetEntry E4 10 9F ES 00 20 A0 E3 01 10 41 E2 02 00 51 E1 ... .. P T
Ozx00000030 FC FF FF 84 D4 10 9F E5 08 10 80 ES5 00 10 A0 E3 ... ... ... ... ....
f=tartup#110 40 10 80 E5 00 10 AD E3 44 10 80 ES5 A0 00 9F EG . o.......

0=00000050 DB FO 21 E3 00 DO A0 E1 98 00 9F ES D3 FO 21 E3 P !
000000060 00 DO A0 E1 90 00 9F ES D7 FO 21 E3 00 DO A0 E1 ... ...... [
#=startup#l22 88 00 9F ES D1 FO 21 E3 00 DO A0 E1 80 00 9F E& ... . 1., ... ...
0=00000080 D2 FO 21 E3 00 DO A0 E1 78 00 9F ES 10 FO 21 E3 A ... I,

0=000000%0 00 DO A0 E1 40 A0 4D EZ 00 10 OF E1 &0 10 C1 E3 @M
#=ztartup#132 01 FO 29 E1 68 10 9F ES 68 20 9F EG 68 30 9F EG 3.k h kO

0=000000B0 03 00 52 E1 04 00 91 34 04 00 82 34 FB FF FF 34 RO 404
#=tartup#l50 00 00 A0 E3 54 10 9F E5 54 20 9F EG 02 00 51 E1 cowo Mol W L@ B

N=NANANATIA N4 NN 81 24 W~ FF FF 22 N0 N0 AN F2 44 10 9F FE 1 : n

You can set the address range of the window by double-clicking on an entry in the address column and entering
an absolute address or a symbolic name. The contents of memory locations can be changed by overtyping the
values in the data or ASCII window. The more advanced options are available by right-clicking the mouse.

The register window gives you access to the active register bank along with o

the CPSR and SPSR. In this window you can modify the register contents |rd  oooooooo M 0
rl zoooozzd |zt

and change the state of the CPSR/SPSR flags. = ETEElc m
r3 20000000 I u]
r¢  zooo0zz0 |F o
5 ESZDEO4 | T o
e E240D004 |s Mt
7 ESgDO000 |s2 ot
rs  zooo0zzd |scoo
ra zoooozzd |s1 oot
P10 zo000iDc |sFooo
r1l  E1A03000 |sT 1

r1z2  ESCD3000
r13  2000021C
ri4  0O00OOZES
r1S5  0000029C
cpst B0000010
spst DEADDEAD
sp 2000021C
I O000026S
pc ooooozeC
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The watch window allows you to view program variables. You can edit the current value contained in the variable
by simply double-clicking on the current value and entering a new value.

= @ First

- ..[: inkerrupt ‘Wakch - Watchz

. 1) Expression Yalue
=- ™% main P
- o1 i 40000 Ox0000%C40
-1 init

=-$0) main
@i

B8 startup

+- "% Globals

MemD | Locals | Wakchl | Watchz

You can drag-and-drop variables into this window from the source code and from the project explorer, or use the
right mouse button and select “Add Watch”.

IO BETPORT = To ON;

for (1=0; il=BLINKY_DELAY; 1++);

IO CLREPORT = IO OFF;

for (i=0; i!=BLINKY DELAY; j&+i-

Swaibch to Edit Mode Cel4+T

J/# END USER CODE MATN LOOF #*/ Set Breskpaint

1 Fun ko Cursar Line

i Set Mew Program Counker

J/# BEGIN USER CODE FUNCTIONSZ +/ P e atio

Cuick Watch
* +
S* END USER CODE FUNCTIONSZ +/ Add Watch

The Watch window supports all C and C++ data
. . . clkax] STR730FZ2
types including complex objects such as classes, B RN Provessor Register

arrays structures and unions #-20 Configuration PC: Douuuzxc‘ CPSR:|GDDDDDJ.D
’ ) #-[Z1 Reset and Clock Contral Unit (RCCL)

#-_7 Enhanced Interrupt Controlier (EIC)
#-[_7 Real Time Clack (RTC)

There are also dedicated windows for each of the 500 Watchdog Timer (WDG) Hode:|USE v
STR7 peripherals. These can be accessed with % (0 wake-Lp System(iiL) statelamm v
. . . #-[_] Advanced Peripheral Eus Eridge (APE)
the view\SFR window on the main toolbar #- (L1 Extended Function Timers (EFT) Flags nzce v
#-[_] standard Timer (STIM)
#-[L Buffered Serial Peripheral Interface (BSPI) IRQ: |Enable ¥
: - : #-[C1 Inter-Integrated Circuit (12C) .
The SFR windows show you the configuration of 250 Cortroll ares Natwvrk (CAND) FIO: [Enable v
all the STRY7 special function registers in the data #-(3 Controller Area Netwark (CANL)
. . . #-[C Cantroller Area Netwark [CANZ)
book format. This allows you to quickly confirm 42 Pulse Widkh Moduiator (Pwh) usE ssvE FIQ Mode
. . . %[ Serial Communication (UART 0-3)
that a given peripheral is correctly setup. In % [ aeneral Purpose 10 Parts (GPIO) 200: [o0000000] gos: [s0nooonn |
addition, these windows allow you to manually ;i g f;:eddedmte Macrocel (ETH) nov: [soooozz0] vos: [sooooo00]

control an on-chip peripheral no: [w0000zza] rao: [sooaooog |

noz: [rococooe| pii: [oooooooo]

ros: [FFFFFFEE| m12: [oooooooo]

Projeck  Debug RTOS

mo4: [FFFFFFEF| sp: [noo0o0sd]

Source ros: [FFFFFFEF| Ln:  [oooooooo]

Ros: [FFFFFFEF| spsh:[FoO0OOFF |

= r07: (FFFFFFFF Flags NZCW A

Editar Options. ., i m09: |FFFFFFFF| IRQ: Dizable W

F RlA: |[A0000IDC| Stets Thamb v
P Load screen layout. .

I R1l: [FFFFFFFF| Mode: zve v

I
N E Save screen layout..,

v

.
N
.
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5.6.3.4 HIiTOP Project Settings

Once you are familiar with the basic features of StartEasy and HiTOP, you may want to modify the project
settings to begin work on your own project. This can be done by re-running StartEasy or directly within HITOP.
You can change the project settings within HiITOP via the Project\settings menu.

Project silings E|
ks
= iy Selact he Cormods
@ Debug RTOS  Syst s B ot e GHL € Gl don AN ¥
| - Y sk Paas aisvasd T
open.. t‘rn“ﬂ?-'f}fﬂp' 1| Enabls sutamane delachon of maddes] soplcshony
) E sl S gimilard
3 . X
Recent projects L E'I. Exseption Egeaples i -
L B wienupt Connoder.rebimstalirst o
4 - rr E radstor Sabings
Save - B TaP Check
Save as... Elwnsh soard ol
B, Upade Setrgn
L
| Clase n Gighip Sefirgs
T 2 T R
n Pz 1
| Loed o [
Compile  Chr4F7  ME B Cate =,
Build F7 &, Sritee i Ry
| _ B, 1l Seltrgp [P ey L—— |:|
Rebuild Al n T o Maret =
Cancel build B Moy #Fine Dioardecncd I._]
i * L] L pnler e b ocgesc e chiescions
| = | | Coma |

The applications menu allows you to select the compiler toolchain you are using. The default is the GCC compiler
but a wide range of commercial compilers are also supported. Then you can select the application you want to
debug. Here you select the .ELF file that is output from the compiler linker that you are using.

Once you have selected the  [ISHIESEIIRS |';T:‘!
project file and compiler Dpksra
tool, the FLASH = B Applcations _
programming section allows i 1Y Faul FH 2N I Pt
you to  select the = ‘%F. FuShd Sl ks | (ADCKENN) Fuad Sice: | DhAlI00
programming algorithm for E‘L':-;.mn-'--m--i [=] Sawe ol mshors T conienta
the FLASH device you are Er ::rﬁwmm i Flash Drane
using. This supports the 11 L;,_.H:'-,-m, fiadh tvoa St Ed
STR7 on-chip FLASH B, TuP Ceck ER L ] D TTE
memory and a wide range gr I";::;_"’::":__"’
of FLASH memory chips, if B S Setien
you are using external B, Peocetios Sotrge
FLASH memory. In this - fll
menu you must specify an B Sywiem Ciock [ Changs . | [ Memove
area of RAM that the = B, Toget Satings
B Taigal Rasal
debugger can use for the t‘: e [ Ecuadsie P Laths Y cararrierey
programming algorithm
during download. If you £ ¥
check the “save and restore
RAM contents” box, the [ o | [ coxa |

contents of this region will

be preserved. If you uncheck it you must perform a target reset after download to restart the application. However
the download process will be faster.
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5.6.3.5 Advanced Breakpoints

In the emulator settings menu, the “TAP clock” is configured for the ARM7 microcontroller you are using and does
not need to be changed. However the breakpoint settings menu does have several important options. First it is
possible to force the JTAG to use software or hardware breakpoints. If you are debugging from RAM a software
breakpoint will replace the application opcode with a breakpoint instruction, although this is hidden from the user.

Fraject sotiings E
LApnadii
l';;-.i-.a.m: Sebact bosmh pcant et e orky e e brasiponilc [
+ W) I'mi
= E"I" Flath Progarerinsg i bpay 1w ey

';"'L STRTFE 750k Py ]

i“;_ Eaceplem dzpeland =1 et aleseiend
&, Lisegnora 121 o i waishon DoouE]

) Intangd Controles
B Evedimer Sevingn

‘-, Ak Clask Crmedisnn penaiees bavsd poirity
"
r‘ Lisulate Simtirgg: 1) g
= I‘;-;EI,EZTFHI 7 e [l viciaban oocu |
= w0 Setrgl
Pr Piny
r" Lackn Brieah zamres wiFlah
l"'r Syt Chech
= B Tegel Seting ) b
E‘L Tagss Raps I
| Bemoe . enushlad
¢ ¥

[ ok | | Coca |

This does not use the hardware breakpoint registers and enables you to set more than two breakpoints. Setting
the “while running” option allows you to set and clear a breakpoint without halting the code. This can be extremely
useful when you are debugging a complex real-time application. The condition-sensitive breakpoint option allows
you to set a breakpoint on an ARM instruction that is conditionally executed. If this option is enabled, the code will
only halt when the instruction’s condition codes match the CPSR. Again this is extremely useful when debugging
real ARM code. The JTAG hardware is limited to two hardware breakpoints. If you are debugging from RAM you
can set multiple breakpoints and the HiTOP will use software breakpoints. This technique can be extended to
code which is being debugged out of FLASH by enabling the “ Breakpoints in FLASH” option. This will reprogram
the FLASH with software breakpoints prior to starting the code running. This is slower but allows you to set as
many breakpoints as you want. The remaining processor and target options are specific to the STR7 and will not
generally need to be changed.

5.6.3.6 Script Language

The HiTOP debugger also contains a script language called HiSCRIPT. Edit View Project Debug RTOS Syste

This is a C-like language that can be used to build software test 0 hew T P
harnesses or simply automate common sequences within HiTOP. !@ Open... b+ o
Close
From the file menu select “file\logging\open” and create a file called i sic _
ResetGoMain.scr in the HiISCRIPT directory of your project. Make sure o * | Disae
you have selected the .scr extension. Select the Log mode as | _ -&@s- —
“Commands Only” and overwrite the existing file. @ Saveal
S Frint... Chrl+P [
Open Log EI Prink Preview 5
Lozs i e Prink Setup. .. 5
_-.:'-'Thll'-\.E-'H."'mﬂ'-.'lr.l"lr:Il\.HF'ﬁF‘f'«Frl.lllI'bﬁnth | Execute Script... '::II
i S TR T
™ G aiion ¥ Comandi ks e o iisnania v
Exit

| (1.9 | Chndal
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Now select OK and any HIiTOP instructions you do within the debugger will be saved as HiSCRIPT commands.
Once you have enabled logging, perform a target reset and a go until main(). Again, select file\logging and close
option to stop the command logging.

This will generate a HiSCRIPT file that will replay your

) . s ) ) IEN Edit  Wiew Project Debug RTOS  Swshke
instructions. The actual HiSCRIPT file contains some extra

instructions but it can be edited down to the following minimal  ; [ Hew Chrl+M ¥y 0=
instructions: (& Open... Chrl4O ﬂ

] Close -
RESET TARGET i 35

GO UNTIL main

! . X Disas

Sawve As..,
The HiSCRIPT file can be added to the toolbar by highlighting !
the script toolbar, right-clicking and selecting change settings. @ saveal
v &Eh Print... Ctrl+P
22 v Callstack Prink Presview I }
¥ Memory Prinkt Setup. .. L
«  Register .
«  \Match - Execute Script.., _1
Emlator State
v Workspace + Enabled
« Cugbput Exit
Edit: koolbar
Debug

IDE
i

s Screen Lawaouk

Execute Scripk
Skatus Bar

b pranpe )

Cuskomize. ..

Change Setkings. ..

Then in the change settings dialog, enter a symbolic name for the script and the filename of the HiISCRIPT file.

Change scripl bulton settings

Tockbar buthon e
Fles ol man

The script can then be executed from the toolbar:

o ResetGoMain
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This is an important tutorial. You should explore all the features of HITOP and
StartEasy so that you can easily define, edit and debug an application program
before proceeding to the next sections!
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5.7 Exercise 2: Startup Code

In this exercise we will configure the compiler startup code to configure the stack for each operating mode of the
ARMY7. We will also ensure that the interrupts are switched on and that our program is correctly located on the
interrupt vector.

1. Open the StartEasy project in EX2 Startup directory

2. Open the project setting stack size tab and set each of the stacks to the values shown below

Adjugt Stack Size [wordz]

UND: |8
SWC: |8
ABT: |8
Fg: |10
IRG: |50
USR: |20

3. Open the project settings debug tool dialog and enter your Tantino serial number

4. Select file\update code and regenerate the project.

8 Edit  Info
e Zkel+-M
open ... Chel40
Save ... Ckel4+3
Save As ..,

Update code .., Chrl+L

Write code L., Chrlw

Ci fork) TR fexamplesFirstproject First project

Exit

Open the HiTOP project and load the new project into the FLASH memory

5. Reset the target and then select the Go Until option and run the code to main

© Hitex (UK) Ltd. Page 156



hitex

Chapter 5: Tutorial Exercises
DEVELOPMENT TOODLE

6. Open the view\SFR window and then select ARM processor registers. In this window examine the
state of the CPU and the configuration of each operating mode.

- £§ STRT30FZ2
ARM Processar Register
+-[_7 Configuration
+-[_7 Reset and Clock Contral Unik {RCCUY
+-[_7 Enhanced Interrupt Controller (EIC)

7. In the source code window, select the startup tab and view the startup source code. Scroll through
until you find the vector table and familiarise yourself with this Assembler file.

© Hitex (UK) Ltd. Page 157



-
, , e
Chapter 5: Tutorial Exercises hm

DEVELOPFMENT TODLE

5.7.1 Exercise 3: Interworking ARM & THUMB Instruction Sets

In this example we will build a very simple program to run in the ARM 32-bit instruction set and call a 16-bit
THUMB function and then return to the 32 bit ARM mode.

Open the StartEasy project in EX3 Interwork

1. Select Project files\source files then right-click and select add file:

Il Sharillany lew AHA L Weoris™ PR fenarep u® vl prepc i ind pre . ne
film B Snls

okl

gt inigs=gn E:-.;-.l:l|;l

) Pt Tmags
o TR e
. e b

o

P T

CET LR

2. Add the file THUMB.c to your project.

ﬂ_i Insert Mew Module E:

I ochde e
|ty

LIk | ¥, | [

3. In the dialogue for THUMB.c select THUMB as the code type. This will cause all code within this
module to be compiled in the THUMB instruction set. Also tick all the boxes to generate and include
header files. Finally select the code location as “intern” to locate the code in the on-chip FLASH.

L ey T e s % g b

Py T— Sl b o
| P Ly ikl b iy b anmy =
o NTRF b
- S, p— A e
. e -
« S bl
[ = e i
Lo e e ]
R
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4. Select file\update code and regenerate the project

FIEW Edit  Info
Tlew Ckel+I
Zpen ... Chrl+0
Save ... Ckrl+5
Save As ...

Update code ... Ckrl+L

Mrite code . ChelH

s arkfSTR? fesxamples/Firstproject fFirst project

Exit

5. Open the HITOP project file and download the Interwork application into the STR7 FLASH memory

6. Reset the target and run to main()

7. In the source window select the disassembly window and check that the instructions are compiler as
ARM 32 bit instructions. You can also check that the T bit in the CPSR is set to zero for ARM

execution.

Each AHM L baf) stroction s Fair bytes g

\

i e K 1EFFEFE] b
U R LE THELLILYEY o1 b, (&5, #-sh] M o
Fi56 LR z 1
Bh000 L P DIFFFFER b e c 1
ALY 1wl I ]
MDY EFA CLFFFFER 1d _|ul1_-rrli_ F ]
T 0 The T hit iz clear

8. Run the code up to the call to the THUMB function, open the disassembly window and single step
into this function to observe the switch from ARM to THUMB code.

In Thurnh mode sach instnelion is bn bytes lang

233 l IOPORT2_PO = Ox0000FFO0;
T:000002 10 0744 I r2, [pec, #2h) ; Plch
TrDO00ez 1 2 FFa3 mery 13, #ith

T DraOD00E 1 4 i bl r3, r3, #i3h

T3 0000002 16 1360 str 3, [r2, #0h]

% I

T ChaDODOE 18 a7 bt Ir

'r

Feturn to the ARM calbmg Dunchion with a branch
excheange om the conterds of e lnk regsia
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9. Observe the switch from 32-bit to 16-bit code and the THUMB flag in the CPSR.

A MmN

0
1
1
0
0
1 The T flag is set when you are in Thurmb mode

10. Note the contents of the link register, single step (F11) until you return to the ARM code. Check the
return address matched the value stored in the link register. Note: the actual return address in
your program might not be identical to that shown here!

| G003 F4 TFFFFEE H _code_sred
A3 20000210 o el
14 (G L L FOFFFTER brie?
Az poooncie ool # )
%, -~
&, .-__.-‘ RN P [a W2 | | N Eshdl fal, ¥

The Enk rapeter sifess al0000 | FT &5 thes rebans sidreds

© Hitex (UK) Ltd. Page 160



-
Chapter 5: Tutorial Exercises hm  ——

DEVELOPFMENT TODLE

5.8 Exercise 4. Software Interrupt

In this exercise we will define an inline Assembler function to call a software interrupt and place the value 0x02 in
the calling instruction. In the Software Interrupt SWI, we will decode the instruction to see which SWI function has
been called and then use a case statement to run the appropriate code.

1. Open the StartEasy project in the SWI directory

2. In the project settings\debug tool menu, enter the serial number on the base of your Tantino

3. Update the project and open the new HiTOP project

4. Execute the program up to the first software interrupt call

while (1)

{
/#* BEGIN USER CODE MATN LOOF +/

5. Switch to disassembler mode and examine the SWI opcode and note the address of the instruction.

Q:000001FS 010000EF swi 1h

6. Step the software interrupt instruction (F11) and see the jump to the SWI interrupt vector.

E I ' SWI Handler

o 0x00000005 A30000EA b 5WI_Handler

7. Continue single stepping to enter the SWI interrupt handler.
8. Run the code to the switch statement.

9. Observe the contents of the link_ptr This should be the SWI instruction address + 4

#40 bemp = *{liple_sbe 1% fenAEEEERE,
00000240 OE30ACEL mav r3, I &inutr = [LIELITIAL
DX 0000024A4 043043E2 sub 3, 13, #40

O 00000243 DO3093ES \dr 3, [3]

10. Observe the contents of the temp variable. This should be the value of the ordinal encoded into the
SWI instruction.

[EENETRIETRI R ] e Su ey g

#4z switch  bed
5 0x00000265 9E309FES dr r3, [pe,
0000028 C O03093ES ldr r3, [r3]

,\\rsemp = 000000001 1

11. Run the code to the closing brace of the SWI interrupt handler and observe the ISR exit code

Q00000350 QZ40BDES Idmia sp!, {rz,r3,rid}t
':{> 0=00000354 QEFOEDEL movs pc, I
(00000355 20020020 dw 200002200

12. Finally run the program at full speed to see the LEDs FLASH in a new and interesting way
Note: The C source for the SWI interrupt handler is in the module Interrupt.c
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5.9 Exercise 6: STR730 System Memory Mode Bootloader

This example demonstrates using the on-chip bootloader to load a simple LED-flashing program into the on-chip
SRAM at 0xA0000000. It is the basis of the full Hitex STR73x serial-bootstrap FLASH programming system.
There are some complex programming challenges writing the small programs that can run solely in the on-chip
SRAM. The GNU-ARM compiler used here has no specific extensions of this type of programming so some
« brute-force » techniques are required. The usual STARTUP.S CPU configuration file is not required for
example and the linker control file needs to be modified to place all code and data in the SRAM. An added
complication is that debugging via JTAG is not supported in SystemMemoryBoot mode.

The SystemMemoryBoot program leaves the CPU in THUMB mode with the supervisor stack at 0xA0002000 (i.e.
the top of the SRAM). The UARTO is fully configured and the baudrate automatically determined from measuring
the duration of the bootloader trigger byte of ‘0’.

The example consists of three parts :

BOOTLOADER: A C-coded THUMB program of under 128 bytes in length that is loaded by the
SystemMemoryBoot ROM to 0xA0000000. It receives the GPIO application and places at 0xA0000100, switches
to ARM mode and jumps to it.

GPIO : A simple C application that prints digits to the LED arrays on the board. It has been built to run at
0xA0000100 and uses ARM instructions. It is called from the BOOTLOADER application automatically.

INLINE730.EXE : A PC application that runs from a MS-DOS command line that performs the following actions :

i) Sends the ‘0’ bootloader trigger byte

i) Received the ‘0x95’ bootloader response byte

iii) Sends the BOOTLOADER application via the PC COM1 port

iv) Sends the GPIO LED-flashing example application via the COM1 port

You can change the COM port used by the loader by editing the BOOTLOAD.BAT batch file:

Use COM1 (default)
inlinestr730.exe dummy.hex coml O 19200

Use COM2
inlinestr730.exe dummy.hex com2 0 19200

5.9.1 Running The Bootloader Example

Connect the RS232 channel 1 (RS232_1 on the board) to your PC’s COM port. With the STR730 board powered
up, move the M1 jumper to the closed postion. Press the RST reset button and then move the M1 jumper back to
the default open position. The STR730 will now be in SystemMemoryBoot mode. Now run the BOOTLOAD.BAT
batchfile in the BOOT\PC_LOADER directory. The GPIO program will be loaded and run so that the LEDs will
count from 0-OxF.

Hitex <UK> STR?38 Bootloader Example vl .B85%

#xx Make Sure STR?38 Iz In Bootstrap Mode!? simple C application
GCOM Port = coml X .
Parameter = @ Rg232 loading via bootloader.
Baudrate = 172688

Bootloader Process A Resounding Success

C:~STRYIAExamplessBoot~PC_loader>_
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5.10 Exercise 5: C++

This example demonstrates building a C++ project with the GCC compiler and starting the debug session in
HiTOP.

1. Open the StartEasy project in the CPP directory
2. In the project settings\debug tool menu enter the serial number on the base of your Tantino
3. Update the project and open the new HiTOP project

4. Run the application to main()

iy b e e Gy PSS e E—— -
& 0 W AE G S L C 0=l &3 L
SRR Fu PF

-——a [l "

iy b= b el |
# w,
"
o | - rmm e I Y
0T B e
e ) Potona w o puiidis n
=y - Spv 18
n
uil
W Hi=a
i -
5 s
- I8 jena
-t i
My pe—
T
-
[Er-
"
"
- | ] —
e T— =
< -
i E—
a e ] i el
b —
s —
NN e BT 2
L i = - o B
m—r [t e
E o .
i s

C++ support in HITOPS5 includes class awareness
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5.11 Exercise 7: FLASH Programming

This program demonstrates the basic erase and write routines required to store program code or constants into
the STR7 FLASH memory.

1. Open the StartEasy project in the FLASH directory
2. In the project settings\debug tool menu enter the serial number on the base of your Tantino
3. Update the project and open the new HiTOP project

4. Run the code to main and set the memory window to 0x0008000

Memoty - Memd
Address Data

|bbbbbbbb FFFFFFFF FFFEFFEFF FFFEFFFFE
O=00008010 FFFFFFFF FFFEFFFEFF FFFEFFEFEF FFFEFEFFEE
O=00008020 FFFFFFFF FFFFFFEFF FFFEFFEFF FFFEFFFFEE
O0=00008030 FFFFFFFF FFFFFFEFF FFFEFFEF FFFEFFEE
O=00008040 FFFFFFFF FFFFFFEFF FFFEFFFFF FFFEFFFFE
O=00008050 FFFFFFFF FFFEFFFEFF FFFEFFEFEF FFFEFEFFEE
O=00008060 FFFFFFFF FFFFFFEFF FFFEFFEFF FFFEFFFFEE
O0=00008070 FFFFFFFF FFFFFFEFF FFFEFFEF FFFEFFEE
O0=00008030 FFFFFFFF FFFFFFEFF FFFEFFFFF FFFEFFFFE
O=00008090 FFFFFFFF FFFEFFFEFF FFFEFFEFF FFFEFEFFEE

Locals | Wakchl | Mem | Wakch2

5. Set a breakpoint on the second call to the SRAM_erase_FLASH_func () function.

A4 ERASE sector 4 2t (0xB000 zgain

A4 PUT YOUR BREAEFPOTNT QN THE NEXT LINE!
gerror_ status = 2PRAM esrase FLASH func (0x10) ;
if{error status != FLASH OK)

{
6. Run the code until it hits the breakpoint.

7. Check in the memory window that the FLASH has been updated with the new pattern.

Mermory - Memd
Address  Data

0x00008010

A RAAAaaSaS TITTTTTITIT T T T T T

8. Run the erase_FLASH function a second time and check that the contents of the FLASH sector
have been reset to OxFF.

Memory - Memd
Address Data

O=x00008010 FFFFFFFF FFFFFFFF Fl

M-=OAOO2N72N L'L'L'L'L'L'L'L CTTCTTTET T

Note that the functions that erase and write the FLASH have been copied into SRAM as it is not possible to
execute from the FLASH bank which is currently being programmed, even if it is in another sector.
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5.12 Exercise 8: Clock Configuration

In this example we will configure the Clock module to generate an MCLK of 32 MHz. The code to configure the
clock is contained in the .S assembler code that runs before main.

1.

Open the StartEasy project in the Clock directory.

In the project settings\debug tool menu enter the serial number on the base of your Tantino.

Update the project and open the new HiTOP project

Run the code to main()

Open the View SFR\reset,clock control unit window and check the clock settings are configured

correctly.

- £3 STRT30F22
AR Processor Register
=23 Configuration

g O e O O I O O O O O O O Oy O O B O

Configuration Registers

[23 Reset and Clock Control Unit (RCCUY

RCCU

[Z3 Enhanced Interrupt Contraller (EIC)
23 Real Time Clock (RTC)

(23 wakchdog Timer (WDE)

[23 wake-Up Swstemiw)

23 advanced Peripheral Bus Bridoe (&PE)
[£3 Extended Function Timers (EFT)

[C3 standard Timer (STIM)

[C3 Buffered Serial Feripheral Interface (BSPT)
[C3 Inker-Integrated Circuit (12C)

[C3 Controller Area Mebwork fCARND)

[C3 Controller Area Mebwork fCANL)

[C3 Controller Area Mebwork fCANZ)

[C3 Pulse width Modulator (P

(23 serial Communication (UART 0-3)

(£ General Purpose IO Ports (GPIO)

(21 Embedded Trace Macrocell (ETM)

3 Info

Reset and Clock Control Unitc

Clock Control Pegister

Voltage PBeculator Contraol Re

Clock Flag Begister

PLL Configuration Begister

Systenm Mode Register

Beference Time Clock Progr.

gister

Begister

CLECTL
VECTL
CLE_FLAG
PLLCONMF
STSHODE

RTCP

oooooooo

ooooonld

ooooz00E

Qoo000FL

aooooool

aoooo0oF
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5.13 Exercise 9: Low Power Modes

In this example we will place the STR7 in a low power configuration and then cycle it through its low power
modes. If you connect an ammeter inline with the PSU you will be able to see the power reduction at each stage.

1. Open the StartEasy project in the PowerDown directory
2. In the project settings\debug tool menu enter the serial number on the base of your Tantino
3. Update the project and open the new HiTOP project

4. Start the code running and press the INT interrupt button. Each time you press the button the
interrupt routine will place the STRY in a different power mode as follows:

i. Low power configuration

ii. Slow mode

iii. Wait for Interrupt
iv. Halt

v. Stop

5.  Run through each of the powerdown modes and observe the power consumption on the meter.

6. When you reach standby mode the port pins will become tristated. This will cause the attached
LEDs to slowly switch off as the remaining power is drained.

7. Finally, if while experimenting with the low power mode you lock out the Tantino debugger, change
the bootmode pins so that the STR73x boots from RAM. This will allow you to regain control of the
STR73x and erase the FLASH memory.
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5.14 Exercise 10: IRQ Interrupts

This example uses the watchdog to generate an IRQ interrupt. This example examines the action of the EIC.

—_

Open the StartEasy project in the IRQ directory
2. In the project settings\debug tool menu enter the serial number on the base of your Tantino
3. Update the project and open the new HiTOP project.

4. Run the code until it reaches the while(1) loop.

/#* BEGIN USER CODE MATN INITZ #/

I EIC_3IR41 = { (unsigned int)Watcthg_IRQ_isr + 4)=<1le | 1; //Load the wector register
[ ] EIC_IERL = 0Ox00000Z00; /4 Enable irg interrupt channels #/
[ | EIC_ICR = EIC_IRQ ENABLE; S/ EIC interrupt enable register #*/
[ ] WD MR = 000000001 ; //enable the interrupt
[ | WDG_CR =  0x0000000Z; //start the count

while (1)

{
/#* BEGIN USER CODE MATN LOOF #*/

/* END USER CODE MATN LOOF #+/

| }

5. Examine the interrupt configuration code for the EIC

6. Open the view\SFR\EIC\ General registers. Check that the IRQ_EN bit is enabled.

=7 Enhanced Interrupt Conkroller (EIC)
Interrupt Control and Staktus Reqiskers
Source Inkerrupk Registers

Interrupt Control Register EIC_ICR :|00000001

7. Next open the Enable and pending window and check that channel 5 is open but not pending.
Check that the Watchdog interrupt routine is at address 0x00000114

EIC_sTR41 :(0ll40001

8. Switch back to the source window and locate the Watchdog_IRQ_ISR function in the code browser
and set a breakpoint
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= &= IRQ

®% interrupt

=™ main
O i
I main
i Wakchdog_IR:O st
"I:j skarktup Shows source
B8 Glabals -
| Srt}‘Breakp-:unt
e
Properties. ..
Search...

9. Run the code and the watchdog will generate an interrupt when it times out.

10. When the code halts at the entry to the ISR, switch to the disassembly window and check that the
entry address matches the value stored in the vector register.

o 0x00000114 04C0ZDES strr12, [sp, #-4h]!
0x00000115 ODZ0ADEL maw r12, sp
Q000001 1C QCDEz0ED strfd spl, {r2,r3,r11,r12,r 14, pct
0=00000120 D4BE04CE2 subrll, r1Z, #4h
#a0 { woid )

11. Open the ViewW\SFR\ARM Processor registers and check that the processor has entered IRQ mode
and that the IRQ interrupts are disabled.

.

Mode: |TRQ -
SFR. WWindows Lisk x

= &3 STRT3I0FZZ State ATM
ARM Processor Register
Configuration Registers

1

Flags|nzZCw -

IRQ: |Disable =

it

FIN: |Enahle ¥

12. Step the code so the Macro is run and check that the processor has entered system mode and that
the IRQ interrupts are enabled.

Mode:|zvs -

.

State|ADRM -

Flags|nZCw -

IRQ: |Enahle

FIO: |Enakle =

i
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13. Run the code to the exit macro and observe the switch back to IRQ mode.

Mode:|TROD -

State|ADM -

Flags|nz=Cw
IBQ: [Disakle -
FIQ: |Enable v

14. Locate the return command and read the value in the link register. Calculate the return address,
then step the code to confirm that you are correct.

The return instruction from the watchdog interrupt:

Qx00000150 04FO0SEEZ subs pi, Ir, #4h

The current contents of the link register in this case are:

ri4 00000445

Return address is 0x00000444:

Q00000440 00Z053ES strr2, [r3]
o #288 FEFFFFEA b #2353
Q00000445 14010000 dw 114h
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5.15 Exercise 11: FIQ Interrupt

This project configures external interrupt line 0 as a Fast interrupt. The interrupt will be generated when the button
on the evaluation board is pressed.

1. Open the StartEasy project in the Interrupt directory.
2. In the project settings\debug tool menu enter the serial number on the base of your Tantino.
3. Update the project and open the new HiTOP project.

4. Set a breakpoint on the second line of the FIQ service routine in the Interrupt.c module, as shown:

void FIQ Handler (wvoid)

L[]

/#* BEGTN USER CODE FIQ +/

A Clear fast interrupts pending register

EIC FIR |= 0x01 ;

5. Run the code and press the “INT” button on the evaluation board. This will generate a FIQ interrupt and
the debugger will stop at the breakpoint.

6. Open the view\SFR\ARM CPU registers window and confirm the CPU is in FIQ mode.

SFR Window Lisk x Mode:|rrg -
= ‘=3 STRT30F22
ARM Processar Reqister
|§| Configuration Registers

.

State|ADM -

Flags|nZCv

IRQ): [Disakhle =

I

FIQ: [Disahle =

7. Remove the breakpoint, run the program at full speed and observe the value on the LED array
incrementing every time you press the INT button.
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5.16 Exercise 12: Memory to Memory DMA transfer

This exercise demonstrates configuration of the DMA unit to perform a memory to memory DMA transfer. The
PWm example also demonstrates how to do a peripheral to peripheral transfer.

5. Open the StartEasy project in the DMA directory.
6. In the project settings\debug tool menu enter the serial number on the base of your Tantino.
7. Update the project and open the new HiTOP project.

8. Run the code to main and view the memory at 0xA0000800 and at 0xA0000C00

O=zA0000810 00 o0 00 00 00 00 o0 0o 0o 00 00 a0 0o 00 00 a0 ... ...
OxA0000820 00 00 00 00 00 00 0o a0 00 00 00 oo o0 00 00 a0 ...
OxA0000830 00 00 00 00 00 00 0o a0 00 00 00 oo o0 00 00 a0 ...
O=xA0000540 00 o0 00 00 00 00 o0 0o 0o 00 00 a0 0o 00 00 a0 ... ...
OxA0000850 00 00 00 00 o0 0O 0o o0 o0 00 0O 00 00 00 0000 % ... ... . . ...
OxA0000860 00 00 00 00 00 00 0o a0 00 00 00 oo o0 00 00 a0 ...
OxA0000870 0o 00 00 00 00 0o 0o a0 00 00 00 00 00 00 00 a0 ... ...l
O=xA0000880 00 o0 00 00 00 00 o0 0o 0o 00 00 a0 0o 00 00 a0 ... ...
OxA0000890 00 00 00 00 o0 0o 0o o0 o0 00 0o 00 o0 00 0000 % @.o... ... ... . ...

Locals | ‘Watchl | Mem0 | WatchZ | Meml

Memory - Memni

OxA0000C10 oo 0o 00 0o 00 o0 00 00 00 00 00 OO0 0o 00 a0 00 ... ...,
Ox&0000C20 00 00 00 00 00 00 00 00 00 00 00 00 o0 o0 o0 o0 @ ... ... ... ...
OxA0000C30 00 00 00 00 00 00 00 00 00 00 00 00 o0 00 o0 o0 @ ... ... ... ...
OxA0000C40 00 00 00 00 00 00 00 00 00 00 00 00 o0 00 o000 ... ... ... . ...
0xA0000CS0 00 00 00 00 00 00 00 00 00 00 00 00 o0 00 o000 ... ... ... . ...
OxA0000CED oo 0o 00 0o 00 o0 00 00 00 00 00 OO0 0o 00 a0 00 ... ...,
Ox&0000C70 00 00 00 00 00 00 00 00 00 00 00 00 o0 o0 o0 o0 @ ... ... ... ...
OxA0000CE0 00 00 00 00 00 00 00 00 00 00 00 00 o0 00 o0 o0 @ ... ... ... ...
0xA0000C90 0o 00 00 00 00 00 00 00 00 00 00 00 00 o0 o000 ... ... ... . ...

Locals | watchl | Mem0O | WatchZ | Memi

9. Select memory window 0 ( 0xA0000800) right click with the mouse and select the fill option

10. Fill the memory with the string “Hello World”

Fill X
Ackimas Hargn
Fd

Tt Ched NN w I—I—

| Coxcsl |
Frad et 0OB FF w
Lty 103 w
Fi OEFETE w
Tl eoapoe g i

Oived  OI0Wod (5 BvteSequence je.g 34 's' BxF ")

11. Run the code and the string will be copied to the 0OXxA0000C00 address. Halt the code and switch to the
0xA0000C00 window to see the copied data.
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5.17 Exercise 13 : General Purpose 10 (GPIO)

On the evaluation board the IO lines from port 0 are connected to a pair of seven segment LED displays. This
example demonstrates configuring these lines to be outputs and then drives the LEDs in a count from zero to
ninety-nine.

1. Open the StartEasy project in the GPIO directory

2. In the project settings\debug tool menu enter the serial number on the base of your Tantino

3. Inthe STRY7 Setup\Port 0 menu, switch pins 0 — 9 to Output

Part Setting Alternate Function
Project Seth
L _g S[l'DII:EE;SETu;ngS Firy 0: |Elut|:uut j TIMZ: Dutput Cormpare B output
—E Pin1: |E|ut|:|ut j TIM2: Output Compare A output
—E] Port 1 PFin 2 |E|ut|:|ut j TIMZ: Input Capture A input
—I[E] Part2 s ; )
E] Port 3 Fir 3: |Dut|:|ut j TIMZ: Input Capture B input
— ar
_E] Fort 4 Fir 4: |Dut|:|ut j TItS: Dutput Compare A output
—E] Fort & Fir 5: |Elut|:uut j TIME: Output Compare B output
_E] F'.Drt & ) Fir B: |Elut|:uut j TIME: [nput Capture & input
E—(_] Project Files
Pin 7: |E|ut|:|ut j TIME: Input Capture B input
0.7 | 8.15

4. Select File\Update code to rewrite the project
5. Start HITOP and load the GPIO project
6. Examine the code that configures the GPIO registers

7. Run the code to see the displays update
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5.18 Exercise 14 : Timebase timer

This example configures timebase timer 0 to generate an IRQ interrupt at its maximum period. The interrupt
again updates the LED display in a counting sequence.

1. Open the StartEasy project in the GPIO directory

2. In the project settings\debug tool menu enter the serial number on the base of your Tantino

3. Open the project with HITOP

4. Set a breakpoint on the timebase interrupt at the top of main.c

5.  Run the code, when the timer reaches its end of count an interrupt will be generated

6. Examine the configuration of the timer in the sfr windows

Standart Timer 0O

3TIM

STIM

3TIM

STIM

3TIM

STIM

Control Begister

Prescaler Register

Preload Walue Begister

Counter PRegister

Btatus Begister

Maszk Pegister

STO_CR
STO_PL
STO_VE
8TO_CHT
STO_ST

STO_MD

oooooooz

QO00000FF

QO00FFFF

QoooEvES

oooooool

oooooool
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5.19 Exercise 15: Timer

In this exercise we will configure Timer 1 to generate a PWM signal that is output on GPIO 1.7. This output is fed
back into the capture A pin of timer 2, which is configured in PWMI mode to measure the period and pulse width
of the PWM signal. The ADC is used to read the potentiometer and DMA the result directly into the Timer 1
register. The captured pulse width value is written to the PWM1 module to sound the buzzer.

1. On the evaluation board connect the port pins as follows:

i. Timer 1 Output compareA Timer 0 Input Capture A
1. GPIOPIn17 = - GPIO Pin 1.11

2. Open the StartEasy project in the timer directory
3. In the project settings\debug tool menu enter the serial number on the base of your Tantino
4. Update the project and open the HiITOP project

5. Run the code to the While(1) loop and check the configuration in the view\sfr\timer1\control status and
view\sfr\timer2\control status windows.

6. Run the code at full speed and observe the PWM output on Pin 1.7 with an oscilloscope. The PWM can
be modulated by varying the potentiometer.

7. To see the ADC update add the “temp variable to the watchwindow

8. Select the temp variable in the watch window right click and select update

‘Watch - Watchi
D Expression Yalue
seloct Al -
Remove Del
Paste Chrl+y

Update on running

Properties, ..

Locals | Watchl | Mem | Wakch2

9. Make sure the project/settings/update option is active
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5.20 Exercise 16: PWM Module

This exercise demonstrates setting up the PWM module and used the DMA to transfer a result from the ADC
channel 0 directly to the PWM duty cycle register

1. Open the StartEasy project in the PWM directory

2. In the project settings\debug tool menu enter the serial number on the base of your Tantino

3.  Make sure the x27 Jumper is fitted on the STR730 evaluation board

4. Open the PWM project with HITOP

5. Start the project running

6. Examine the code in MAIN.C for the PWM setup and the peripheral to peripheral DMA

ADC CLR4 = 0x0000000; £ Clear the powerdown bit
ADC DMAE 000002000 ; S/ Enable the ADC DMA support
ADC DMAR = 0x00000001; S Enakle channel 0 DMA transfer

S Setup OMA to transfer ADC result to PWM duty ratio register
ARE PRIOR = Ox00000003; A7 Enable DMA arbitration

/4 Set DMA source registers to point at ADC results register 0
DMAZ SOURCELO = ({unsigned short)gapc D0 & OxFFFF) ; // 0xF850; // Set the
DMAZ FOURCEHO {funsigned short) | ({{unsigned int):iapc DO)>>16) & OxFFFF) ; 7

DMAS DESTLO
DMAZ DESITHO

[ (unsigned short) PWM1_DUT & OxFFFF); S Set the destinat
(unsigned short) {{{ (unsigned int) (WMl DUT)>>16&) & OxFFFF);

A4 Setup IMA transfer

DMAZ MAXD = 0=1; A7 et the transfer size t0 1 data unit
/¥ Start the transfer
DMAZ CTRLO = 0xZ8F; £+ normal mode, fixed address, peripheral is source

S¢ Setup the 4nc

ADC CLR4 = 0=0000000; A7 0lear the powsrdown kit
ADC_CLR1 = 0x00000020; /) Set 4D clock 5. 3MHz
ADC CLRO = 0x0000000Z; /Y Start calibration

Y Wait t£il11 end of ADC calibration
while (ADC CLRO) { ; |

A4 Set ADC Mode
ADC CLREZ = 000008000 ; A Bcan mode conversion ch:0 one channel
ADC CLRO = O0x00000001; /Y Start conversion

A4 Setup FWM

PWM1_PER = 0x00004000; // Set the PEM period
EWM1 DUT 0x00000200; // Set the PEM Dutp
FWM1 PEN = 0x00000001; 4 Start the count
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5.21 Exercise 17: Analog to Digital Converter

This example configures the Analog to Digital Converter (ADC) to make a scan conversion on ADC channels 0 —
2. The result from channel 0 is used to control the LEDs on the evaluation board. The analog watchdog is also
enabled on channel 0 and an interrupt will be generated if the high or low threshold is crossed.

1.

7.

8.

Check that the ADC X27 jumper is connected on the evaluation board.

Open the StartEasy project in the IRQ directory.

In the project settings\debug tool menu enter the serial number on the base of your Tantino.
Update the project and open the new HiTOP project .

Run the code to the start of the ADC configuration code in main().

Open the view\sf\ADC window .

Single step the code and check the configuration of the ADC.

Run the code at full speed and check that the ADC value is written to the LED arrays as an 8-bit hex

value (10-bit ADC reading divided by 4). Notice that the value only runs between 0x0002 and OxFC.
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5.22 Exercise 18: Watchdog

This exercise configures and serves the watchdog and demonstrates the problems of trying to debug an
application with the watchdog enabled.

1. Open the StartEasy project in the Watchdog directory.
2. In the project settings\debug tool menu enter the serial number on the base of your Tantino.
3. Update the project and open the HiTOP project.

4. Run the code up to the watchdog enable line:

| initi);

AS# BEGIN USER CODE MATN INITEZ #+/

55 END USER CODE MATN INITE +7

5. Start the code running at full speed.

6. Press the INT interrupt button on the STR730 board. This will force the CPU to execute a tight loop
without serving the watchdog.

7. Try to halt the program execution. The execution will seemed to have stopped but any attempt to restart
the program will result in an error.

8. When the watchdog times out, it resets the processor and the on-chip JTAG module. This causes the
debugger to loose control of the STR7.

9. To recover from such a failure, select system\reset target system.

Target Swskern

Ipdate license

Tesk system info...

10. In the light of the above behaviour, when debugging a real application, it is best not to enable the
watchdog until the final stages of the project.
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5.23 Exercise 19: UART

This example demonstrates the use of the UARTSs in interrupt mode with the FIFOs enabled. The evaluation
board is connected to the PC and will loopback data sent to it but the interrupt will only trigger when the receive
FIFO has received 8 characters (half full).

1. Open the StartEasy project in the UART directory.

2. In the project settings\debug tool menu enter the serial number on the base of your Tantino.

3. Update the project and open the new HiTOP project .

4. Connect UART zero ( connector X43 RS232 A) to a comm. Port on your PC and start Hyperterminal,
configured for 9600 baud 8 bits, no parity, one stop bit.

5. Start the code running and switch to Hyperterminal.
6. Type in some characters and they will be echoed back to you when the receive FIFO is full.

7. Examine the UART configuration code and the UART interrupt routine
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5.24 Exercise 20: BSPI

This example connects the two BSPI peripherals together and configures them as master and slave. The master
is then used to initiate the transfer of data between the two peripherals.

1.  On the evaluation board connect the port header pins as follows:

2. MISO Port pin P6.11 > Port pin 5.1
3. MOSI Port pin P6.12 > Port pin 5.0
4. SCLK Port pin P6.12 > Port pin 4.15

5. The master slave select pin must be pulled high and a GPIO pin is used to select the slave peripheral:

6. SSL Port pin P6.14 > 10K pull up to 3.3 V
7. SSL Port pin P4.14 > 10K pull up to P2.00

8. Open the StartEasy project in the UART directory.
9. In the project settings\debug tool menu enter the serial number on the base of your Tantino.
10. Update the project and open the new HiTOP project .

11. Run the code so that it initialises both BSPI peripherals and examine their configuration in the SFR

windows.
SFR Window - BSPI O SFR Window - BSPI 1
Buffered 3erial Peripheral Interface 0 Buffered 3erial Peripheral Interface 1
E2PI Control/Status Register 1 BSPO_CSRL -|00000003 EZPI Control/S8tatus Register 1 ESP1_CSR1 (00000005
ESPI Control/8tatus Register Z ESPO_CSRZ 00000044 BEPI Control/Status Begister E ESP1_CSRZ :(00000040
BEEPI Comtrol/Status Degister 2 BSPO_CSR3 :|00000000 B2PI Control/3tatus Register 2 ESP1_CE8RE (00000000
ESPI Master Clock Divider Register ESPO_CLE :|000000FF ESPI Master Clock Divider Register EZP1_CLKE :(000000FF
ESPI Transmit Register BSPO_TXR :[177277771] BSPI Transwit Register BSPL_TXR :
BSPI Beceiwve Register ESPO_RAXR :|0000FFFF BSPI Receive Register BSP1_BXR :(0O0OOFFFF

12. Run the code and observe the ADC data being sent over the SPI bus and then being copied to the LED
array.
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5.25 Exercise 21: 12C

The evaluation board is fitted with an 12C temperature sensor. This example demonstrates basic communication
with this device and displays current temperature on the LED arrays.

1. Open the StartEasy project in the 12C directory

2. In the project settings\debug tool menu enter the serial number on the base of your Tantino.

3. Update the project and open the new HiTOP project.

4. Run the code so that it initialises thel2C peripheral and examine its settings

SFR wWindow - I2C Inker-Integrated Circuit

IzCo I:zCl
Control Begister CR:
Btatus PBegister 1 5R1:
Status Begister Z BRE:
Own Address Pegister 1 Oapl:
Own Address Begister 2 OARZ:
Data Register LE:
Clock Control Register CCR:
Extended Clock Control Begister ECCH:

5. Now run the code and read the temperature of the evaluation board in degrees C from the LED arrays!
Please note that there is a self-heating effect in the sensor which makes it read a few degrees above
ambient.
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5.26 Exercise 22: CAN

This example configures the CAN peripheral in loopback mode and demonstrates the configuration of the CAN
module and then sends and receives packets of CAN data. The code has been tested on a real CAN network so if
you have an analyser, you may place the CAN peripheral in its operating mode and transmit data to a real
network.

1. Ensure that the following jumpers are fitted to the evaluation board:
X11, X12, X13, X14, X2, X3
2. Connect a 9-way D-type cable between connectors X17 and X18

3. Run Start Easy and open the project in the basicCAN directory. Change the serial number on the
base of your Tantino.

4. Update the project and open the new HiTOP project.

5. Run the code so that it initialises the CAN peripheral and examine its settings.

Ark. Begisters 1 and £ (CAN IF1_Al/FZER)

I Z8-16: I 15-0:

M=gWal: Message i=s Walid: Tes ¥
Xed : Identifier: IW
Dir : Messzage Direction: m

Bit Timing Register (CAN BTR):

T3egl: Segment before sample Point:
Ti3egz: Begment after Sample Point:
SJW  : Synchronisation Jump Width:

ERP : Baud Bate Frescaler:

Blm=mmE

Message Control Register (CAN TFI1MCL)

NewDat: MNew Data stored: Ho =
Test Register (CAN TESTR): Msglst: Message lost: Mo =
Bx- - By Pin is: |RECESSiVE I:l:l IntPnd: Interrupt i=s Pending: No -
TMask : Use acceptance Mask: No =

Tx: : Tx Pin: |c0nt.r. by CAN Core j

TxInt : Transmit Int.: Disabled ¥
o i o -
LEack : Module in L. Back Mode: |Yes BxInt : Beceiwe Int. : Disabled -

Silent: Module in Silent Mode: Mo - ImtEn : Bemote Enable: Ne =
. . . TxzRygst: Transmission Peogaested: |No -
Easic : Module in Basic Mode: Tas T
EcE : Single Obj. in Buffer: No =
DLC : Objekt Data Length Code:

ERP Extension Register (CAN EBEPER) D R

ERPE: Eaud Rate Presc. Extension: Data A/B Registers (CAN_IFL DA/BIR)
Data &Al: Data AZ: |0000

Data El:

Data BE:

6. Send the first message and examine the IF1 (TX) and IF2 (RX) message buffers to check that the
correct data has been sent and received.
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7.

Next load the full CAN example and examine how it uses the IF message registers to access the

CAN message RAM.

Arb. Pegisters 1 and £

Il zZ&-16:

M=gVal: Messagese is Walid:

I 1&-0:

(CAN IFz ALSzZR)

Yes ¥
Hed : Identifier: |Standard 11 Bit ¥
Dir : Messzage Direction: |RBeceiwe b

Message Control Register

HewDat.: New Data sto

(CAN TFZMCER)

red: Tes *

i

M=gL=t: Message lost: No
IntPnd: Interrupt is Pending: No
TMaszk : Use acceptance Mask: No
TxInt : Transmit Int.: Disabled *
DBxInt : Receiwe Int.

PutEn : Remote Enabl

Dizsabled *

B Ho

-

TxPRgst: Transmission Recquested: |No -

EoE : Eingle CObj.

LLC : Objskt Data

in Buffer: Ho

Length Code:

-

Data A/B Pegisters

Data Al:

Data Bl:

(CAN_IFZ_DA/ELR)
Data AZ:

Data BE:
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This book is intended as a hands-on guide for anyone planning to use the
STR7 family of microcontrollers in a new design. It is laid out both as a
reference book and as a tutorial. It is assumed that you have some
experience in programming microcontrollers for embedded systems and are
familiar with the C language. The bulk of technical information is spread
over the first four chapters, which should be read in order if you are
completely new to the STR7 and the ARM7 CPU.

Throughout these chapters various exercises are listed. Each of these
exercises is described in detail in Chapter Five, the Tutorial section. The
Tutorial contains a worksheet for each exercise which steps you through an
important aspect of the STRy.

All of the exercises are based on the Hitex STR73x evaluation kit which comes
with an STR7 evaluation board and a JTAG debugger, as well as the GCC ARM
compiler toolchain. It is hoped that by reading the book and doing the
exercises you will quickly become familiar with the STR73x family of

microcontrollers..
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