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~ ImageCraft ICC AVR

1. SETUP.EXE a
Y 13 m
b
C- “ SETUP.EXE”
d'\ 1
" 113 n
b. ¥ ” “ drive:\setup.exe™
drive
C 113 »
d-
, 30
(ZIICC AVR . .
2
30 '
a ICCAVR {IDEJa
b- “Unlock Disk” .
C IDE  “Hep” “Importing a License from a Floppy Disk”
d.- ICCAVR ’ a
ICCAVR a
30 ’
a. IDE ’
’ “YES”
b- . “Importing a License from
aFloppy Disk” .
(o8 “Unlock Disk”
d- ICCAVR ’ a
ICCAVR
“Unlock Disk” . .
» “Unlock Disk” .
ICCAVR ICCAVR
, “Hep” “Transferring
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Your License to a Floppy Disk” .

» ICCAVR
1. ImageCraft
ImageCraft

ICCAVR
ICCAVR ANS

ICCAVR
WINDOWSOX/NT n

HEX » INTEL HEX

ICCAVR 32 ’ .

2. ICCAVR
+ IDE

C
.h C
prj ,

.a .
AVR - ,

.S C '

.0 ,
.hex INTEL HEX '

.eep INTEL HEX :

.cof COFF :

st ,

.mp ,

.cmd NolCE 2.xx .
.noi NoICE 3.xx o
.dbg ImageCraft

ATMEL

3.
#pragma & i

#pragma interrupt_handler <funcl>:<vector number> <func2>:<vector> ...

EEPROM

C

IDE

= libcavr.a

AvrStudio

{MCU}
{ IDEJ,
INTEL
ICC AVR
C
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. funcl. func2
reti rets
vector number

#pragma ctask <funcl> <func2>...

RTOS “
#pragma text:<name>

#pragma data: <data>

’ EEPROM "

#pragma abs_address.<address>
! P <address>

#pragma end_abs_address

C++
(Project->Options->Compiler).
1 .
(Project->Options->Compiler),
, » 0b10101 21.
asm("string") :
4.
IAR ANSI C
IAR C AVR C ,
ImageCraft , ANSI C
+ IARC IO ICCAVR -
» ICCAVR pragma :
{ interrupt 1
ICCAVR
#pragma interrupt_handler func:4 // 4 » func
ICCAVR .
IAR
interrupt [vector_name] func() // vector_name
IAR flash { FLASH
const
. + IAR : ICCAVR

RTOS

EEPROM

C++

Ob<1|0>*

IAR

IAR

+ IARC

1» ICCAVR
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. ICCAVR
1.
IDE . Project Open
13 Im” .
Project Options ,
Project Make Project » IDE
: i
led.hex. INTEL HEX ,
COFF
Project Options :
+ IDE
, 13 . n
Project » IDE :
! C
Project New :
foo.hex  foo.cof .
. “Build”
IDE ATMEL  AVR Studio COFF
Studio
2. C
C main
113 n
: C
: main :
\icc\examples led.c.
#include <i08515.h>
I* LED ,
void Delay()
{

unsigned char a, b;

: \icc\examples.avr
led.c.
lITargall

\icc\examples.avri
AVR MCU

. AVR Studios
COFF

led.c
Make

ATMEL AVR

*/
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for (a=1, a at+)

for (b =1; b; b++)

void LED_On(int i)

PORTB = ~BIT(i); /* LED *
Delay();

void main()4

DDRB = OxFF;  /* B */
PORTB =0OxFF;, /* B , LED
while (1)

{

[*LED */
for (1=0;i<8;i++)
LED_On(i);

/* LED */
for(i=8;i>0;i-)
LED_On(i);

/* LED */
for(i=0;i<8;i+=2)
LED_On(i);
for (i=7,i>0;i-=2)
LED_On(i);

main : 10
LED . LED

LED_On o .
LED_On

» 8515intr.c '

- ICCAVR IDE

1.

*/
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2.

3.

4.

5.

6-

“to Object”

, “Project” “New”
. “Project” “ AddFile(s)”
, “File.’«' {{Ne’v”
. “File” “Save ¥ “Save As”
“ AddFile(s)” :
“Add to Project”
“Project” “Options™
C = C
13 S.’.’
a default.prj a
IDE '
C [13 . m ,
“Wizard” “Tools™ “ ApplicationBuilder *
MCU
MCU ,
MCU A \ 10
IDE a

“to Output™

IDE “Fle”

ito Object!,

{to Output’,

“ Compile File...”

IDE

» IDE

oM

» UART. SPI
main( )
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7~

II

IDE

6.20 » IDE

1.
ICCAVR

2. File Menu
New : ,
Reopen:
Open:
Reload ..form Disk:
Reload ...from Back UP:
Save: ,

<file>.~<ext> o

Save as:
Close :

ISP

: ICCAVR

Compile File ..to Object :

Compile File ... to Output:

Save All:
Closs All:
Print: a
Exit: ICCAVR |
3. Edit Menu
Undo:
Redo:
Cut:
Copy:
Paste:
Delete
Select All:
Block Indent:
Block Outdent :
4. Search menu
Find ...

Match Case —
Whole Word —

DE .

Undo.

ISP

ASC
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Up/Down —
Find in Files... —

Case Sengtive —
Whole Word -
Regular Expression —
Replace... — .
Find Again —
Goto Line Number — .
Add Bookmark — a
Delete Bookmark — .
Next Bookmark —
Goto Bookmark —
5. View Menu
Status Window — , a
Project Makefile — makefile
Output Listing File —
6. Project Menu
New... — .
Open — -
Open All Files... — .
Close All Files —
Reopen... — -
Make Project — .
Rebuild All — :
Add File(s) — :
Remove Selected Files —
Option... —
Close —
Save As... — -
7. Tools Menu
Environment Options —
Editor and Print Options —
AVR Cdc - AVR : UART
Application Builder — ,
Configure Tools —
Run —
8. Compiler Options
: Paths. Compiler  Target
Paths
Include Path(s) —
Assembler Include Path(s) —
Library Path — “
Output Directory —
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h

1.

Compiler

Strict ANSI C Checking — ANS C

Accept Extensions — C++
Macro Define(s) — : :
name]:value] name[=value]

DEBUG:1;PRINT=printf

#define DEBUG 1
#define PRINT printf

Macro Undefine(s) — : a
Output File Format — COFFHEX. Inted HEX  COFF.
Optimizations —

Default — : .

Maximize Code Size Reduction — , ,
Target
Device Configuration — MCU
Memory Sizes — "Custom" ’ ROM. SRAM  EEPROM
Text Address —
Data Address — , 0x60a
Use Long IMP/CALL — MCU
Enhanced Core — .
|0 Registers Offset Internal SRAM — SRAM . , 8515 SRAM
0x60, 10 512 = Megab03, 10 SRAM
' SRAM 0 .
Interna Externd SRAM — SRAM
PRINTF Version — PRINTF
Small Basic. %c, %d, %X, %X, %u, and %s
Long: %ld, %lu, %lx, %IX
Floating point: %f : a
AVR Studio Simulator 10 — + AVR Sudio
Additional Libraries —
Stringsin FLASH — FLASH .
Return Stack Size — :

Non Default Startup — : Peths
' IDE .
Unused ROM Fill Pattern — ROM a
C
. libcavr.a
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a MCU crtavr.o crtatmega.o a
__ starts .
1 -
2. idata data .
3. bss -
4 main -
5. : main( ) :

cd \icc\libsrc.avr ;

<edit crtavr.s> ; crtavr.s
<open crtavr.s using the IDE> ; IDE crtavr.s
<Choose "Compile File To->Object"> ; : crtavr.o

copy crtavr.o.\lib ;

MCU  Mega "crtatmega’ "crtavr", Mega
twordJ, Mega
tword} .
2,
1)
! c\icc\libsrc.avr\libsrc.zip? ZIP
UNZIP . ,
"About" .
unzip -s libsrc.zip
; unzip
2}« AVR ICCAVR UART. EEPROM  SPI :
3J. i0*.h (i02313.h, i08515.h, iom603.h, ... )
ATMEL 10 ,
avr.h .
PORTB = 1;
uc = PORTA;

43. macros.h

5.
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3.

assert.h - assert(),
ctype.h —
float.h —
limits.h —
math.h —
stdarg.h —
stddef.h —
stdio.h —
stdlib.h —
string.h —

<ctype.h>" o

int isalnum(int c)

C

int isalpha(int c)

c

int iscntrl(int c)

c

int isdigit(int c)

C

int isgraph(int c)

C

int islower(int c)

C

int isprint(int c)

c

int ispunct(int c)

c

int isspace(int c)

C

int isupper(int c)

C

int isxdigit(int c)

C

int tolower(int c)

c

int toupper(int c)

4.,

c

i

#include

{10}
ACS || .
FF, BELL, LF.. .

: CR, FF, HT, NL, VT»
c . c
c . c

. “#include <math.h>"

"#include
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float asin(float x)

float acos(float x)

float atan(float x)
X
float atan2(float x, float y)
y/x 1 ST ~+T
float ceil(float x)
X :
float cos(float x)

float cosh(float x)
X
float exp(float x)
e X : e

float explO(float x)
10 : 10

float fabs(float x)
X

float floor(float x)

X
float fmod(float x, float y)

xly
float frexp(float x, int * pexp)

X y ! ! 2

0.5=y<1l vy : n pexp

float fround(float x)
X

float Idexp(float x, int exp)

X3 28%P
float log(float x)

X
float log10(float x)

10 X

float modf(float x, float *pint)

0 1
float pow(float x, float y)
XY
float sgrt(float x)
X
float sin(float x)

X=y#=20N y
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float sinh(float x)
X
float tan(float x)

float tanh(float x)
X
5.
CMCU! stdio.h
: 10 : "#include <stdio.h>"
a 10 (getchar) (putchar)
10 , printf LCD:

ATMEL  AVR Sudio { 10 ) 10 '

: putchar UART ,

{ CRILF}.
int getchar()
UART
int printf(char *fmt, ..)
frm : .
%d--
%0 --
%X -
%X — ‘A-'F %X
%u -
%s — C NULL
%c—  ASCII :
%f —
%S — FLASH
printf : { : Iz
%c, %d, %x, %u, %s
%l d, %lu, %lx ,
%f

int putchar(int c)
. UART , "\l

int puts(char *s)
NL
int sprintf(char *buf, char *fmt)
frm , printf() «
"const char *"
cprintf  csprintf FLASH prinf  sprinf .
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6-
<gdlib.h> NULL RAND_MAX size t.
a [ .. caloc. maloc  redlloc) :
_NewHeap heap.
int abs(int i)
[
int atoi(char *s)
S : S : 0
double atof (const char *s)
S , s -
long atol(char *s)
S , S : 0
void *calloc(size t nelem, size t size)
"nelem" : Size (08

void exit(status)
, : main
void free(void *ptr)
ptr
void *malloc(size t size)
size : , 0.
void _NewHeap(void *start, void * end)
_bss end+1 "start"
_bss end , 1
_bss end : “
extern char _bss end;
_NewHeap(&_bss end+1, & bss end + 201); // 200

int rand(void)
0 RAND_MAX
void *realloc(void *ptr, size t size)
ptr sze + Sze ,

void srand(unsigned seed)

long strtol(char *s, char **endptr, int base)
"base.” s - "endptr" + * endptr

ngr

unsigned long strtoul(char *s, char **endptr, int base)
, "strtol"
7.
"#include <string.h>" : = <string.h> NULL-

size t

void *memchr(void *s, int c, size t n)
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s n c
, NULL-
int memcmp(void *s1, void *s2, size t n)
sl <2 n :
, 1. sl s2 ,
void *memcpy(void *sl, void *s2, size t n)
s2 n sl.
void *memmove(void *sl, void *s2, size t n)
2 n sl sl memcpy
void *memset(void *s, int ¢, size t n)
s n (o Sa
char *strcat(char *sl, char *s2)
s2 sl , sl.
char *strchr(char *s, int ¢)
sl Cs NULL

int stremp(char *s1, char *s2)

: 0s s1>s2
char *strepy(char *s1, char *s2)
s2 sl. sl.
size t strecspn(char *sl, char *s2)
sl 2 ,
size t strlen(char *s)
S , NULL
char *strncat(char *sl, char *s2, size t n)
s2 i NULL i n
S2 sl.
int strncmp(char *s1, char *s2, size t n)
strcmp : n
char *strncpy(char *sl, char *s2, size t n)
strcpy , n -
char *strpbrk(char *sl, char *s2)
strespn : sl
char *strrchr(char *s, int c)
S Cs .
size t strspn(char *sl, char *s2)
sl 2

char *strstr(char *sl, char *s2)
sl 574 ,
: NULL.
"const char **

0: sl s2
-1.
1, s1<s2 -1.
NULL : sl
sl. S2 n
: NULL
NULL. .
NULL : sl
sl
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FLASH : c .

size t cstrlen(const char *s)

char *cstrepy(char *dst, const char *src);

int cstrcmp(const char *s1, char *<2);
8.

<stdarg.h> : va list
va start(va_list foo, <last-arg>)
foo
va_arg(va list foo, <promoted type>)
: . : int. long

double: "char" .
va_end(va._list foo)

+ printf() vfprintf()
#include <stdarg.h>
int printf(char *fmt, ...)

{
va list ap;

va_start(ap, fmt);
viprintf(fmt, ap);
va_end(ap);

}
9.

vy

|
|

v v v

|
|
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_StackCheck(void) :

_StackCheck 1
1! H 0!

' . ' CPU:
_StackCheck a
_StackOverflowed
: _StackOverflowed 0
CPU
LED.
_StackOverflowed
macros.h.
« AVR
1. AVR
AVR C
a AVR ,
MCU C
io*.h ¢ i08515.h. iom603.h AVR MCU
ATMEL 1
macros.h : UART_TRANSMIT_ON()
' 10
shis. shi e} .
: avr.h 10 bit : io*.h
a io*.h 10 bit,
BIT) -
avr.h:
#define SRE 0x80// RAM
o ( C )
MCUCR |= SRE;
i08515.h

_bss end

UART

6.20

_StackOverflowed(char c).

_StackOverflowed

MCU

in- out-,

macros.h

bit
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#define SRE 7

. Cc )

#include <macros.h>

MCUCR |= BIT(SRE);

2,
MCU
C '
alb - : a
1 |: 1 H
PORTA |= 0x80; /I 7(
a& b- , 1
If (PORTA & 0x81) ==0) //
& :
a./\ b - 1 B
PORTA "= 0x80; // 7
~a —_
PORTA &= ~0x80; // 7
3.
AVR MCU.
o ' AVR
Atmega 64K L WORD
MCU ’
L] C a
» C
AVR:
C + ImageCraft AVR
: const
constint table]] ={ 1, 2, 3};
const char *ptrl,;
char * const ptr2;
const char * const ptr3;
“table" » "ptrl”

: Shic

64K
16

"ConSt"

{bit).

cC
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» "ptr2t , ’
llptr3ll B lltablell
"ptr1" » C LPM
C "const" : :
. , C const ,
C a
: "strcpy” strepy(char *dst, const char *src)s const
ICCAVR . const
. const .
: FLASH
. const FLASH
4.
AVR
const :
: C char :
ImageCraft
: !
:Iﬂ
congt char hello[] = "Hello World";
» hdlo , C
Printf %S FLASH , ,
FLASH
FLASH
"Project->Options->Target->Strings In FLASH Only" 1
FLASH . .
: "const char *" :
"const char *" : cprintf csprintf
21 FLASH I cprintf()  const char*
const char ptr ] , %S .
1 . printf(). const char*  const char ptr| ] : %S
5.
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’ %f

1 40

0x60 : 10 a
32K 64K

6-

asm("'<string>");
\n
AW a

register unsigned char uc;
asm("mov %uc,RO\n"
“sleepin’);
C o
i register )

R16~R31 '

Cc :

AVR + ImageCraft

SREG:

: IN  OUT 10 ;

Ox5F:

unsigned char ¢ = *(volatile unsigned char *)Ox5F; //

*(volatile unsigned char *)Ox5F |= 0x80; //

printf() : 16
, !
SRAM, SRAM
C o b
o)
. ¥ String” ,
C [ %< >
CPU :
CPU
. , LDI
- 10 0x00  Ox3f
0x20  Ox5F
C :
] L] SREG

SREG
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0 31 CPU :

shrc '
fe] ’ 10

register unsigned char uc;
asm("in %uc,$3F");// SREG

asm("out $3F,%uc"); 1/
: avr.h 10 bit :

a io*.h 10 bit.
BIT()
avr.h:

#define SRE 0x80// RAM
. ( C )

MCUCR |= SRE;

i08515.h

#define SRE 7

. ( C )

#include <macros.h>

MCUCR |= BIT(SRE);
8.

LCD SRAM,

LCD 0x1002 : 100
0x2000 .

.area memory/(abs)
.org 0x1000
_LCD_control_register:: .blkw 1
_LCD_data register:: .blkw 1

org 0x2000
_dua_port SRAM:: .blkb 100

C :

extern unsigned int LCD_control_register, LCD_data register;

extern char dual_port SRAM[100];

CPU
in.

io*.h

c

out.

shrs.

bit

macros.h

0x1000

SRAM
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: asm() . C :
asm(".area memory(abs)"
".org 0x1000"
" LCD_control_register:: .blkw 1"
" LCD_data register:: .blkw 1");
asm(".org 0x2000"
" dua_port SRAM:: .blkb 100");
C "extern" , : C
asm .
9. C { Tasks)
, - , RTOS 1, RTOS
: "#pragma ctask"

#pragma ctask drive_motor emit_siren
void drive_motor() { ... }

void emit_siren() {...}

(pragma) o :
"main" ,
10,
C
C ' '
{ pragma’

#pragma interrupt_handler <name>:<vector number> *
"vector number"” : 1 ,
, RETI RET ,
MCU -

#pragma interrupt_handler  timer_handler:4
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void timer_handler()

{
}
rjmp _timer_handler ; AVR MCU
jmp _timer_handler ; Mega MCU
0x06 , i 0xOc © , Mega
J. {Mega 2 : Mega 1 !

: interrupt_handler

#pragma interrupt_handler timer_ovf.7 timer_ovf.8

.org rmp  jmp . ".org"
; ATMega MCU

.area vectors(abs) ;
.org 0x6
rjmp _timer

; ATMega MCU

.area vectors(abs)

.org OxC

jmp _timer
11. UART
getchar  putchar UART
: 10
12, EEPROM

= \icc\examples.avr
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EEPROM ,
<eeprom.h>.
EEPROM_READ(int location, object)
EEPROM ReadBytes EEPROM
"object"

inti;
EEPROM_Read(0x1, i); // 2 i

EEPROM_WRITE(int location, object)

EEPROMWriteBytes EEPROM
"object"
inti;
EEPROM_WRITE(Ox1, i); /I 0x1
AVR . EEPROM 256
EEPROM
EEPROM
EEPROM : C
"eeprom.” : ,
#pragma data:eeprom

int foo = 0x1234;

char table[] ={ 0,1, 2,3,4,5};

#pragma data:data
inti;
EEPROM_READ((int)&foo, i); /i 0x1234
. "data." o
AVR : EEPROM 0
[ fool,
extern int foo;

inti;

#include

MCU:

WWW.SL.COM.CN
24



ImageCraft ICCAVR

EEPROM_READ((int)&foo, i);

unsigned char EEPROM read(int location)

EEPROM
int EEPROMwrite(int location, unsigned char byte)
EEPROM , 0.
void EEPROMReadBytes(int location, void *ptr, int size)
EEPROM "size" "ptr."
void EEPROMWriteBytes(int location, void *ptr, int size)
EEPROM "size" : "ptr."
13. SPI
SP : spi.ha
14, /
8K :
rcall)« , 8K .
0x2100 {0x2000 8K 0x100
. C
1.
« )
unsigned char 1 0..256
signed char 1 -128..127
char (*) 1 0..256
unsigned short 2 0..65535
(signed) short 2 -32768..32767
unsigned int 2 0..65535
(signed) int 2 -32768..32767
unsigned long 4 0..4294967295
(signed) long 4 -2147483648..2147483647
float 4 +/-1.175e-38..3.40e+38
double 4 +/-1.175e-38..3.40e+38
(*) "char" "unsigned char"
floats doubles |EEE 32 7 + 23
unsigned  signed :
struct {

unsigneda:1,b: 1,

8K

(rjmp
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2.

¥
1 byte. a
a)-
C : main( )
_main( ) . 32 : {0
_foo::
.word 1
( C )
extern int foo;
b)-
R16/R17 ' R18/R19
R16/R17/R18/R19 : .
i charl int 1
R16/R17 ' '
R18/R19 , a
R16/R17 ' R16/R17/R18/R19
C)-
R28/R29 Y.

R10/R11/R12/R13/R14/R15/R20/R21/R22/R23 . '
d)-

RO/RY/R2/R3/R4/R5/R6/R7/R8/RY/R24/R25/R26/R27/R30/R31
SREG

el

3.

. #include <math.h>. :

R16-R19

H H L] (
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) . 2
4,
. { HEX b,
. 64K 64K
{ Megal03 b RAMPZ ELPM
( SRAM
CPU 10
0, 96 {0x60) CPU 10 .
0x60 . .
SRAM . .
( SRAM
32K 64K SRAM .
SRAM SRAM .

SRAM
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5.

interrupt vectors
func_lit —

_foo

areafunc_lit

PL_foo:: .word foo ;
. areatext

Idi R30,<PL_foo
Idi R31,>PL_foo
rcall xicall

lit —
idata -
text —

data -

"idata’ '

1.

bss -
0Oa
EEPROM

eeprom -
INTEL HEX

ICCAVR

- ICCAVR

1.

EEPROM

COFF

"areas."s

R30/R31

: ANSI C

» EEPROM

AVRStudio
“ AVR Sudio Simulator 10”

(‘&) [[az [[09 ]2 ] *

ICC

10

ATMEL

xicall

AVRStudio

ICCAVR

PC
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21

- 10
0x10
$10
0xBAD

OxBEEF
OxCODE
-20

3i.
ASCII { )

[label: [:]] [command] [ operands] [;comments]
|abel : :
command i ]
operands

[]

comments ' C I i

: 1l

AVR \ :
AVR , Atmel
xcdll
Mega , ,

Xjmp
Mega : ,

43,

Ids R10,asymbol

X ,

PC

mp  jmp
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asymbol :

expr: term |

{ expr}
unop expr
expr binop expr
term: . : PC
name |
#name

lds R10,foo+bar

5.

%
<<
>>

6~

2.
1.

foo bar '

e
© O o

XOR
AND

ﬁﬁﬁﬁpbbmm

{.]

.area <name> [(attributes)]

con,
ovr H
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filel.o:
areatext ; 10 bytes, text_1
areadata : 10 bytes
areatext ; 20 bytes, text 2

file2.o:
.areadata ; 20 bytes
areatext ; 40 bytes, text 3
text 1 text 2 a ,
, text 0O- text “con’ , text_1
0 v text 2 10 , text 3 30 a text “ovr”
: text 1 text 2 0 10 : text 3
, 0 . '

.area foo(abs)
.area foo(abs,con)
.area foo(abs,ovr)
.areafoo(rel)
.area foo(rel,con)
.areafoo(rel,ovr)
.ascii strings?

2). .ASCII
ASCIZ

\e ESC
\b
\f
\n
\r

\t TAB

\< >

ASCIZ NUL (\0): \0 a
asciz  “Hdlo World\n®
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asciz  “23\0456’

3). .byte <expr> [,<expr>]*
word  <expr> [,<expr>]*
Jong<expr> [,<expr>]*
, (byte) - (2byte)
(4byte). , AVR (MCU).

Jbytel, 2, 3
.word |abel,foo

4). .blkb <value>
blkw <value>
.blkl <value>

5. .define <symbol> <value>
: "symbol" ! I
"value." ,
.define quot R15
mov  quot,R16

6. .if <symbol name>
.else
endif
<symbol name> 0},
if  .else : <symbol name> i 0! dse endif
. .else : 10 .
.if cond
lds R10,a
.else
Ids R10,b
endif
cond 0. a R10. cond 0. b R10.

7). .macro <macroname>
. .endmacro o '

. @digit(digit  0~9 )

“fod’
.macro foo
Ids @0,a
mov @1,@0
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.endmacro
foo ’
foo R10,R11

lds R10,a
mov R11,R10
8). .endmacro

9). <macro> [<arg0> [,<args>]*]

' @digit.
:foo bar,x
foos ba X

<symbol> = <value>
foo=5

10}. .include *“<filename>"

include “registers.i’

1}, .org <value>
PC "vaue."s "abs"
"value" .
..area interrupt_vectors(abs)
org OXFFDO
dc.wreset

12}. .globl <symbol> [, <symbol>]*
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