OOl =HEEH Jls

Ml 4% Internal Memory2| O] oH




Internal Memory 2| 0| o}

1. ATMegal28A UIOI& G2 + £

2. AVR Studio CIH& 2= Al &

3. AVR Studio2 W= G222t dl A AHE
Ol ol ot 7|

@‘I c A T
8 el Ts %
‘% »‘ g_'

Eve
\\.;Zr.ms..»/ Integrated Circuits for Ad

vanced Technology Lab.



ATMegal28A T2 )& M 22| X

OATMegal28A LHE T2 )& Kl 2

c|

< ATmega 128A= EEELE.':*.' SRS
8l X == 120 7}“ +128[K]Hr0|

Eo| Al M 22| <10 KLt

BH|E OIO[AZHEZS O|X|2, =20 H HZE|=

ZF HX|7t 16H|E T+ X2 £|0] UOIA
64[K] x 16H|E = 128[K]H}O|E 822 7tZILC},
O] Z2fA| HZ2|= SPI S4 HAlZ Olj?“OF
ISP(In-System Programming) 7| 52 7}X| 2
N\O'Ikl Al‘%Xl‘7|‘ 7£||')é->|0|' -U-E:].E %
XM OREE 7t
A HZ2o Z2EO2 7| Yot W2

ISP 2HAl O| Q|0 = JTAG O 2| O|E{ & AIESt=

JUI 48 E2 1Y REE

AHESHE YRO| AL,

Frogram Mamary

B0000

Application Flash Section

e

Boot Flash Saction

SFFFF
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ATMegal28A OIOIH BI22l =+

QATMegal28A L&
IOl Ol 22l

* RAM
= DNES S
SEdAAHE
/021 Xl A&
=& 1/0 dl Xl
A H
« SRAM
<+ ROM
« EEPROM

Data Memory

32 Registers

64 /O Registers

160 Ext I/0O Regqg.

Internal SRAM
(4096 x 8)

External SRAM
(0 - 64K x 8)

_____________

$0000 - $001F
$0020 - $005F
$0060 - $00FF
$0100

$10FF
$1100

v = for Advanced Technology Lab.



ATMegal28A GIOIH BIZ22l £

Q1/0 dl A AE 2 =& /0 dIAIAH

o LH

e 2SS 10 EXIE FOot)] flet dlAIAH
SEat o K| AHH =4 g X[ AE S

$00($20) | PINF $01($21) |PINE
$02($22) | DDRE $03($23) | PORTE
$10($30) | PIND $11($31) |DDRD
$12($32) |PORTD $13($33) |PINC
$14($34) |DDRC $15($35) | PORTC
$16($36) | PINB $17($37) |DDRB
$18($38) | PORTB $19($39) | PINA
$1A($3A) | DDRA $1B($3B) | PORTA
$34($54) |MCUCSR $35($55) | MCUCR
$3F($3F) | SREG

\\\l‘meu// Integrated Circuits for Advanced Technology Lab.



ATMegal28A GIOIH BIZ22l £

Q=& 1/0 dl A AH
¢ ATmegal28A0 F=ItE 2SS 1/0 & XIE Mot {8t dl XA H

A 2| K| A & =S S X[ AHE
$61 DDRF $62 PORTF

$63 PING $64 DDRG

$65 PORTG $6A EICRA

$7C ETIFR $7D ETIMSK

S G I tegrated Circuits for Advanced Technology Lab.



AVR Studio C|HH&E 25 A&

UJAVR Studio C|H&A 2% : T2 ME Or=))|

Welcome to AVR Studio 4

Recent projects | kodified

Yer 413528 W iShow dialog at startupe

<< Back [HEnt = Fimizh | Cancel | Help |

. ?ﬂ__r' N \

o)

\‘_"/ Integrated Circuits for Advanced Technology Lab.




>
<
A
2
-

—
o

WL
&
OU

1 . - | =| =
QdAVR Studio CIHZ 2% : Project A0 226 &= X
Welcome to AVR Studio 4 2
— Select debug platform and device
Debug platform:
AR Dragon _f_]
AVR Simulator
AR Simulator V2 (preview) ATmegal281
ICE200 ATmegalb -J
ICE40 ATmegalbl
ICESD ATmegalB2
JTAG ICE ATmegalB3
JTAGICE mkll ATmegalB4P
ATmegalBh
ATmegalB5P
ATmegalE8 LI
[0 pen plattorm options
Yer 4.13.528
<< Back ewt Finish l Cancel I Help |




AVR Studio C|HH&E 25 A&

O AVR Studio C|HZA 2&

Project & 0ll 28t &= X H(ITAG AFZAl)

Select debug platform and device

Debug platform: Device:
AVR Dragon ATI0CANT28 )
AVR Simulator [=
AVR Simulator V2 [preview) ATmegalb
|ICE200 ATmegalB2
ICE40 ATmegalbs
ICES0 ATmegal2
JTAG ICE ATmega323
JTAGICE mkll ATmegabd

v |
Port: I.&uto v] [~ Open platform options

Ver 4.13.528
Finish | Cancel | Help |

R Integrated Circuits for Advanced Technology Lab.
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QAVR Studio CI|H 22 2 & : Configuration Option & &
% AVR Studio2| Project -> Configuration Option Select

debug Project Options 2
5 Artive | default ~ | [Edit Configurations|
iE)

e [ Use External Makefile
General
1, Target narme must equal project name,
- 2 Cleanf/rel:uuilu:l support requires  “clean” target,
T 3. Makefile and target must exist in the same folder
la "l
Include Output File Mame:  debug, elf
Directories
- Qutput File defaultit ]
g Device: atmegalzs - Unsigned Chars (-funsigned-char)
Libraries Frequency: 14745600 hz Unsigned Bitfields (-funsigned-bitfields
' Ontimizat [ s ] [¥] Pack Structure Members {~fpack-struct
v plmization. Short Enumns (~fshor-enums!
Memaory
Settings
Craate Hex File Generate Map File Generate List File
y
[ = |

% 1725
\\\mau/ Integrated Circuits for Advanced Technology Lab.
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FinclTude<avr/i1o.h> 3 DOﬂX'” —/Ik—ﬁ &Uc\j glcl Olnlxl %E

int main(void){ oo A A

» T2 78 AHIHY (Build -> Build )

unsigned char data = 0x01 ;
unsigned long i;

<
DDR& = OxFF; 3
PORTA = Dx00: } t Bulld |Ed|t View Tools
while(1)4 g
PORTA = data; 3 A
data<<= 1; f = ¥p Buid and Run  Ctrl+f
; e Compile A+
for(i=0:i<1000; ++); ] tFI' & o
. B y | % Cle
i f{data == 0x00)
: data = Ox01; {
.
return 0; %
¢

I T S T A R WP -

p




AVR Studio C|HH&E 25 A&

ACIHZY 2% AlE
% Debug 0l =0l M Start Debugging i &,

Debug | Window Help
i Ctrl+-Shift+241t

oLl
L

NI J Integrated Circuits for Advanced Technology Lab.



VR Studio C|H&A 25 AlH

AVR Studio - [I:WMcu_Module_Opt¥Debug_testwWDebug.c] . =18] x|

:[3 Fle Proect Buld Edit View Tooks Debug Window Help -8x
N ZHd 0 s and o e

sE B

i WEL L @eSEEEOEIO ve G AEE

i [Trace Disabled o R B sk TG SO e N
#include<avr/io.h> j[
D El H-I 2 I :rog'r(apm Cou... g"?gﬁ =>int main({void){ | b -
tack Pointer X
< X pointer 0x0100 unsigned char data = 0x01 ; ‘ iggggsga‘symm'“
ocC = Y pointer Ox10FF unelgngd Tongits +EMiscellaneous
Z pointer 0x0144 DOR4 = OxFF;: +1¢% Watchdog Ti
-4 9|- Cycle Counter 33 jgl/gzortof\ -
Frequency 4,0000 MHz PORTA = 0x00; :JEVO Port B
[:]:| g{;gewa"’“ 8.55us shile(1){ || 252170 Port C
N 3 OOEEE +/=21/0 Port D
+ Registers PORTA = data; +521/0 Port E
G +=1/0 Port F
data<<= 15 | SZ= o Pon 6
for(i=0:i<1000;i++); || 2S5 Extemal Interrupts
p || /& 8-bit Timer/Count.,,
|I(dg§?a=z gxg?) 4+ 16-bit Timer/Coun,
et || 518 8-bit Timer/Cou
|| +1® 16-bit Timer/Co
_ |. return 0; || 2182 Serial Peripheral
= | S25useRT 0 . =
Processor& > | SEusea I/O View &
I || 4139 Two-wire Serial
|| 2> Analog Comparal
|| 41 Analog to Digital
=+ a2 Jtag Interface
. = +/[E Boot Loader Support
Editor &
o Mame | Address | Value | Bits
|
1 e [ | K | Efi|
“BAVR GCC | Processar B 1:%Mcu_Module_Opt#Debug_testWDebug.c 4 b
Loaded plugin AVR GCC Al

Loaded partfile: C:%#%Program Files¥Atmel® AVA ToolsWPartDescriptionFiles¥ATmegal23.xml
gce plug=in: Output directory ['Mcu_Module _OptiDebug_testitdefaultt does not exist

gce plug-in: Created directory [:‘#Mcu_Module_Opt¥Debug_testidefaultit

AVR Simulator: Please wait while configuring simulator,,,

AVR Simulator: ATmegal28 Configured OK

Loaded objectfile: '4%Mcu_Module_Opt#Debug_test#defaultittest. elf

4

[E18uid | @ message ﬁﬁnd in Files | Z@Breakponts and Tracepoints < |

ATmegal28  AVR Simulator  Auto Stopped &  Ln3,Coll CAP NUM SCRL

CATRL LG IGLGU WITLWILD U MUY Su lcullll\)logy Lab.



AVR Studio C|HH&E 25 A&

‘ Debug | Window Help

yersterrDebugging Ctrl=Shift+Alt+F5
@ Stop Debugging Ctrl+Shift+FS
Dxﬂl.A Uzl 24 "HFHH %) Run Fs
Break Ctrl+FS Simulator Options S|
o Wl Reset Shift+FS )
o | Devioselecion
¢ 14.7456MHz ST stepinto A1 Sinardlogong |~
evice
| & step Over F10 {AI = } ATmegal28
. mega v
“F Step Out Shift+F11 Flash Size: 131072 bytes
%} Runto Cursor Ctrl+F10 e i:gggﬁdg?zse%&byles
+ S ks A Extemal SRAM Size: 65536 bytes
B Autostep R 147455 <) 2] 105ce e byes. 4
g = - Estended 10 Size: 160 bytes
Next Breakpoint Ctri+F9 Max Speed: 16.00 MHz
New Breakpoint 4 Boot loadst
@ Toggle Breakpoint F9 ] Enable Boot eset
Remove all Breakpoints Boot reset $F000 'E
Trace 4
Stack Monitor
9 | Show Next Statement Alt+Num * LD s e ooy
6d Quickwatch Shift+F9
Select Platform and Device.., Cancel |
[ ARSmustoroptons _ Ate0 |
Name Yalue Name Value
Program Coun,,, 0x00005F Program Coun,., 0x00005F
Stack Pointer ~ 0x10FD Stack Pointer ~ 0x10FD
X pointer 0x0100 X pointer 0x0100
Y pointer 0% 10FF Y pointer 0x10FF
Z pointer (%0008 Z pointer (%0008
LA LR 11 s ey Cycle Counter 25
Frequency [4.0000 MAz Frequency (TETEMHz ]
L 000 e Siapuliiateh 000
SREG OOEEDEEE SREG DUEEDEHEO
- Registers i - Registers
RO0 0x00 H’i RO0 0x00
RO1 (%00 SR RO1 0x00
m&lntegr 1ea Uircuits tor Aavancea rechnology Lab.




AVR Studio C|HH&E 25 A&

AdCIHA 25 3™ : Processor &
» AVR LI 8 HXIAH g B A

o U )HII2H 2 AEBH ILOIH,

HE HAAEHL &gf &0l Dl

— O

Processor

Program Counter 0x000067 Al
Stack Pointer 0% 10FD —
X pointer 0x0100
Y pointer 0x10FF
Z pointer 0x0144
Cycle Counter 33
Frequency 4,0000 MHz
Stop Watch 8.25 us
SREG OOEECMEC
-] Registers
RO0 0x00
RO1 0x00
R02 0x00
RO3 0x00
R04 0x00
R05 0x00
ROG 0x00
RO7 0x00
R0O8 0x00
R09 0x00
R10 0x00
R11 0x00
R12 0x00
R13 0x00
R1d 0x00
R15 0x00
R16 0x00
R17 Dx01
R18 0x00
R19 0x00
R20 0x00
R21 0x00 o |
R22 0x00
R23 0x00
R2d 0x00 ‘
R25 0x00 ‘
R26 0x00 Ll
‘@AVR GCC | Processor

~umw-  integrarea vircuits ror aavanced Technology Lab.



AVR Studio LIHE 2= Al &

ACiHd 25 o™
» P2 dlAAH &
clAAR gts HA

< LEA~G dlAIAH
UART il Xl A& JF

A Ol =
L. ==

= EfOI
HAE=

- 1/O View &t
EIOIH &2

4,

24
=

ﬂJ

8 -] al| vo port A - !

IE Cpu and System ..,
|2 EEPROM

B Miscellaneous

Is

3

|»

I+ I+ & =

#2 Watchdog Timer

IQ [/0 Port &

Data Register 0x00
Direction Register 0x00
Input Pins 0x00

+=21/0 Port B

:lﬁ I/0 Port C

+[-\- VO Port D

+[-u VO Port E

+[- I/0 Port F

+[-u VO Port G

+$3External Interrupts

-+ 8-bit Timer/Count,.,

+{® 16-bit Timer/Coun,,,

-+ 8-bit Timer/Count,..

+|. (=) 16-bit Timer/Coun,,,

+ 39 Serial Peripheral I,

+|E;1 USART O -

+ 39 USART 1

+ 29 Two-wire Serial |,,,

+1) Analog Comparator

Name | Address | Value | Bits

= PORTA
¢ DDR4
=2 PINA

0x1B
Ox1a
0x19

0x00
0<00
0<00

I o o
I I
I o

i~ Integrated Circuits for Advanced Technology Lab.
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5 - _ : _
DE' I:H OI EE 9|-Dd . EdItOr jéF #include<avr/io.h>
o L ) AA A =>int main{void)q

unsigned char data = 0x01
unsigned long i

DDR& = OxFF;

PORTA = 0Ox00;

while(1)4
PORTA = data;
data<<= 1;
for(i=0;i<1000;i++);

i f{data == 0x00)
data = 0Ox01;

-

PR S Y ¥ SO W SO T T S v S

y

return 0;




AVR Studio C|HH&E 25 A&

QL= )& &d: HAIAE gt BHat &
% Step Into(F11)
!L- = E O s

| 5= Step Into (F11)
Steps into the next statement: |

T~ T W R

< Step Into(F11) Bt=

"'W.&‘_ oy

#include<avr/io.h>

§ MNarme Address | Value | Bits
int main(void){ ; S|PORTA  0x1B | 0x00 | QJOOOOOOO
: _ DDRA 0x14 | 0x00 | OO0000O0O0
d char data = Ox01 1 8
mneigned fong i3 j =PINA 19 | 0:00 |OO0000000
o>  DDRA = OxFF; <
— P
L PORTA =000 3 ‘
_ MName | Address | Value | Bits
% Step Into(F11) et&H S|PORTA  Ox1B 0x00 JOOOOOOO

¥ DDRA 14 xFF EEEEEEEE
=2 PINA 19 WO OO0O00000

—— ~ gy Lab.




AVR Studio C|HH&E 25 A&

ACIHE 2& 3™ : Break Point
o = (a») = o = - — | S—
e UHIdS ELD A2 E22H UHA= &€ = YA == Jls
: b 4 6 % 2% IEE @EL Q> 3;;1}@ PN = e M= P
BOUE MR e e BN BB X | @ Toggle Breakpoint (F9) |
‘ #include<avr/io.h> \ Togg|e Breakporht [
int main{void){ - " || EEI
unsigned char data = Ox01 ; =7 F9, f:%gggsgﬁdsvs
Hisianed Jondsls S Miscelianeo for(i=0;i<1000i++); 4
DDRA = OxFF: il Watchdog i i f(data == 0x00)
s ; -2 1/0 Fort A e 3
= RT4 = 0x00; Data Reg: &l ) data = Ox01;
while(1)4 = = Direction F »: A :
&:I XH /é! ooH EPOJ Input Pins R - - Al S iy
PORTA = data; +221/0 Port B
data<es 1 #Z= /0 Port C Break Point

for(i=0;i<1000;i++);
i f(data == 0x00)
| QQta = 0x01;

}.

return 0;

4=21/0 Port D
+281/0 Port E
+281/0 Port F
+=21/0 Port G
+1$3 External Inte
+1 & 8-bit Timer/
+ & 16-bit Timer,
+ ) 8-bit Tlmerx’k\

+|. 18 blt Tlmer, |I CAT

l.'d' v

rm%/ Integrated Circuits for Advanced Technology Lab.




AVR Studio C|HH&E 25 A&

ACIH&E 25 3™ . Break Point
w 22 ) 2|H(Debug -> Reset)

Debug | Window  Help ¥

Start Debugging Ctrl+Shift+AIE+FS

i1 I

@ Stop Debugging Ctrl+Shift+FS [ EL" §f /él' s main() 0“ S,Z| i| J

=l Run FS
[ 11 Break Ctrl+FS

| .l Reset Shift+FS
P g PP S RS B R A

** Run (Debug -> Run (F5))

Debug [ﬂindow Help f
p | Start Debugging Ctri+Shift+AIL+FS g b le' §|'/é + Break Point O'”
4 Stop Debugging Ctrl+Shift+FS { _C,>_| i|
|n Run FS i
1 Break Ctr+FS
& Reset Shift+FS 5
= L}
%= Step Into F11 4
< AR X B, st L, - 1
LR Arn el o o T

2
"rmi/ Integrated Circuits for Advanced Technology Lab.
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AQliH&E 25 o3 .

Break Point

o F11
PORTA = data:
(= data<<= 1;
: for(i=0;i<1000;i++);
i f({data == 0x00)
& data = Ox01;
return 0;
-l}

MName | Address | Value ]_Bits 5
== PORTA 0x1B  0x80 EOOO0O00O0
? DDRA (P e [ I I I -
=2 PINA 0x19 0x80 EOO0OO0O0O0 §

Y ——

MName Address Yalue | Bits

== PORTA 0x1B 001 O0O0O0O0O00mn
L
=2 PINA 0x19 0x60 WOOO0O000

Y
b
L: =

L3253
i~ Integrated Circuits for Advanced Technology Lab.




As4: UR HZ2l2 dlXIAH OloH

oo 6|. |.9| O;”X-” EE]_PJ—I II-A‘|

T
1>
Jo
O
_H'_I
ol
[0
1]
O

ot LH= O

_1840| A'é‘iEIE"/d L= H2cl== HEHN AtEst= Al Z Ol of

h: G I tegrated Circuits for Advanced Technology Lab.
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Q0L 2= 18 &4
% AVR Studio4 &
% New Project 24 &
o WM Z=2 088 &4
Qa4 S4B 80)

“ ABC: &Y BH=
=

- DRIOBAIZD SN L
- YRS FAM X3t
0xBB, 0xCC)

% ADD: ZQIYH BH=

AR 2FY BE

= o

- HIZ22 S0 H0lE 2

&(0x130)
« 0x1302 SRAMS| &4

"

Bl Levraidmrinlam TasiyinlanTast o JJLE
Finclude<avr/in. h= :j
unsigned char A=Cuhb;
unsianed char B=0xEBB;
unsigned char C=0xCC;
unsigned char +400=0x130;
int main( )i
CDORA = OxFF;

FORTA = 0=00;

DDRF = 0OxFF;

FORTF = 0x=00;

ADD = 0x140;

+A00 = 0x11;

+(ADD + 1) = Ox22;

+0a00 + 2) = O=33;

+(ADD + 3) = Oxdd;

4=0xBR;

B=C-4:

FORTA = 4;

FORTF = B:

while(1);

h
|41} f
V

'\E'an;{sf/ J Integrated Circuits for Advanced Technology Lab.
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LeriadH il Tes oz (=] E31
#include<avr/ia. h> j

DE E j_ o = §:> unsigned char A=Oxah;
(]
H

unsigned char B=0xBB;

A
- = unsigned char C=0xCC;
EEj-a:hl = I— unsigned char +ADD=0x130:

2
=
21 DT A|E =xint main(){
. DDA4 = OxFF;
= main()0ll =&!. PORTA, = 000;

DORF = OxFF;
PORTF = O=00;

ADD = Ox140;
+400 = O=11;
(800 + 1)
(80D + 2)
+(400 + 3)

A=0xB8;
B=C-4:

PORTA = &:
PORTF = B:

while(1);

D22
IR e
L 44 ;

r

Il o

el Az -—
\‘\J:ﬁ?ﬁ\'i_..»/ Integrated Circuits for Advanced Technology Lab.
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Q8 =2t & & (watch)

Ol &2l View > Watch

0

0

View | Tools Debug  Wir

Marne Yalue Type Location

Toolbars 3

l.
H Status Bar

4] Disassernbler

£l Watch Alt+1 |
=] Memary Alt+4 | »

Memary 2

Mernary 3
sx| Register Alt+0

o N M 4 » W . Watch 1 4 Waich 2 [ Watch 3 J Watch 4 /

#@ICAT

Integrated Circuits for Advanced Technology Lab.
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AURH 22| 2E &

v = < Program J M ﬂ Adddiess: |0400
% O0l= &2l View > Memory 000000 OC 94 45 00 oo L E.. 5.
000004 oc 94 55 oo IIIE 94 55 oo . Ek. . EE.
000008 OC 94 &5 00 OC 94 &5 00 . Ek. . EE.
00000c OC 94 &5 00 OC 94 &5 00 . gk . E.
0o0o0lo oc 94 &5 00 OC 94 65 00 . §F.. &F.
Wiew | Tools  Debug  Wir O00ol4 OC 94 65 00 OC 94 65 00 . 5%.. 3.
Toolbars » 000018 OC 94 &5 00 OC 94 &5 00 . gk . E.
v | Status Bar : OoO00lc OC 94 &5 00 OC 94 65 00 . §F.. &F.
1 B 000020 OC 94 &5 00 OC 94 &5 00 . k.. EE.
Disassernbler | oo0024 OC 94 &5 00 OC 94 &5 00 . gk . E.
Watch aftel f |:> 00002& OC 94 &5 00 OC 94 65 00 . §F.. &F.
- | 00002C OC 94 &5 00 OC 94 &5 00 . §k. . §E.
Mermnary Alt+4 000030 OC 94 65 00 OC 94 65 00 . Xk . 2k
Memary 2 | 000034 OC 94 &5 00 OC 24 &5 00 . gk.. &
= Memary 3 : 000038 0C 94 65 00 OC 94 65 00 gg
. 00003C OC 94 &5 00 OC 24 &5 00 . gk . &
; idzgbeEy A || OOO040 OC 94 65 00 OC 94 65 o0 . k.. 3

oooo44 Oc 94 65 00 11 24 1F BE . k.. 5.
000048 CF EF DO E1 LE EF CD EF #%:fﬁffﬁ

00004c 11 E0 &0 EO E1 EO EA E6 . 2iFd@

000050 F1 EQ 00 E0 OB BF 02 CO H#2, 27
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= Tk X X
|Data j B£1E| al:n:.| Address; [0=700
o Data & &4 30 0l 00 FF FF &2,
o =) oS 5= EEtZEdDeh;IHD FF FF FF FF FF
** E‘||O|E1 [Hl_._al %:'ﬁé _I_O:IE- 10 FF FF FF FF FF
Program FF FF FF FF FF
| Reqister FF FF FF FF FF

godl=d FF FF FF FF FF FF FF FF
goalsd FF FF FF FF FF FF FF FF
Qoolss FF FF FF FF FF FF FF FF
aool4n FF FF FF FF FF FF FF FF
gool4ds FF FF FF FF FF FF FF FF
Qoolsd FF FF FF FF FF FF FF FF
goolsd FF FF FF FF FF FF FF FF
godlend FF FF FF FF FF FF FF FF
Qooled FF FF FF FF FF FF FF FF
goalyn FF FF FF FF FF FF FF FF
goalys FF FF FF FF FF FF FF FF
aoolsnl FF FF FF FF FF FF FF FF
goolsd FF FF FF FF FF FF FF FF
goglsnd FF FF FF FF FF FF FF FF
Qool9s FF FF FF FF FF FF FF FF
aoolan FF FF FF FF FF FF FF FF




&

&

1

0X

2

NFXFE X
2= &
= & O NameR = Bl2t= = 2=otd Has = M =0
IIME ‘ARE EUS.
MNarne Yalue Type Location
'y Oxad 'z unsigned char Ox01l00 [SRAM]

M 4 » » Watch 14 Watch 2 £ Watch 3 4 Watch 4 /

Ha OO K

@ICAT
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*

Marme Yalue Type Location
iy Oxdd '2 unsigned char Ox0100 [SRAM]
B 0xEE 'z unsigned char Ox0101 [3FRAM]
C 0xCC 'z unsigned char 0x0102 [SRAM]

4 4 » W . Watch 1 Waitch 2 £ Watch 3 £ Watch 4 /

@ICAT

aw_~ Integrated Circuits for Advanced Technology Lab.
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He B 99

o OX1019AD) 1y ~ oqon
QUENDE BEE .. Detos
HEH 22| 2= & SR (0x102HA])

o 222 22 oA 0x10082)
Datad €8,

|Data _~r| 3416 abc.| Address |EI:-:'IEIE|

000100 AR EE CC 30 01 0O FF FF 2.,
ooolos FF OFF FF FF FF FF FF FF
Qoollo FF FF FF FF FF FF FF FF
ooolls FF FF FF FF FF FF FF FF
goolZzo FF FF FF FF FF FF FF FF
ooolZs FF FF FF FF FF FF FF FF
ooolso FF OFF FF FF FF FF FF FF
Qool3s FF FF FF FF FF FF FF FF
oool4o FF OFF FF FF FF FF FF FF
gool4ds FF FF FF FF FF FF FF FF
Qoolso FF FF FF FF FF FF FF FF
ooolss FF OFF FF FF FF FF FF FF
oooled FF FF FF FF FF FF FF FF
oooles FF FF FF FF FF FF FF FF
goolyo FF FF FF FF FF FF FF FF
Qool?s FF FF FF FF FF FF FF FF
ooolgo FF OFF FF FF FF FF FF FF
ooolss FF FF FF FF FF FF FF FF
Qoolso FF FF FF FF FF FF FF FF
oool%s FF FF FF FF FF FF FF FF
ooolao FF FF FF FF FF FF FF FF

Ty -
\\Jir.imu..--/ Integrated Circuits for Advanced Technology Lab.
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4: L2 H22l2 dIXIAH OloH

= =
MNarne Yalue Type Location
D t]:| A j__|. =<t X} 4 Oxdd '?  unsigmed char 0x0100 [3RAM]
— T = o E 0xEE '?  unsigned char  Ox0101 [SR&M]
— — C OxCC '=» unsigned char Ox0102 [SRAM]
X A DF=XF X}
& B 2E FH0 +  ADD 0x0130  unsiogmed char*  0x0103 [SRAM]
ADD HHAZ Olad
AT}
— T HA

“ ADDE = 219

M o4 » w Watch 14 Watch 2 4 Watch 3 4 Watch 4 /

¥

MNarne Yalue Type Location
4 Oxdd 'z unsigned char 00100 [SEAM]
E OxEE '=» unsigned char 00101 [3RAM]
C OxCC '=» unsigned char Ox0102 [SRAM]
— ADD Ox0130 unsigned char®* 00103 [SRAM]
- 0xFF ' ' unsigned char 00130 [SRAM]

R ADDZ} 7t2| 7| =
H 22|0 X2zl GjojE Zf

M o4 » w Watch 14 Watch 2 4 Watch 3 4 Watch 4 /

Integrated Circuits for Advanced Technology Lab.
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K

= &

QU022

.

H ADD7}
7M7) =
TA 94

(0x130™H A])

|Data

aooloo
ooolns
ooollo
nonlls
ao0lzo
non0lzs
ao013o0
000 &S
F00140
oonl4s
oools0
oonlss
nonlad
nonlas
aoa17o
aoa17s
oo0lao
no0las
aonlao
oonlas
oo0lan

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

BE
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

CC
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

30
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

a1l
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

o
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

H4 ADD 99
(0x102¥ =A))

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

| BfE/abe.|  Address: [0x100

FF 7.,
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

LAl SRR

N
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_ unsigned cnhnar +&DL=0E .
Xz _)eH AlSH |:> int maint)q
< Step Into & & (F11) aD0R4 = OWFF:
PORTA = 0x00;
QU0 HIXIAH 2 & PORTF = e
< PORTA a‘”I|ﬁE‘| 'T,.;I'D_él- AMDT — Med AN-

4

<%~ = ] o Port A -

B Cpu and System |,

B EEPROM

+ B Miscellaneous

i atchdog Timer
-

dia= \

Data Register 0=00 Marne &d...  Value | Bits

Direction Register =00 = PORTA 0x18 0=00 [OOO0O0O00O0

Input Pins Q2 010) ¢ DDRA 0x14 0x00 OOO0O0O0O0OO
=2 1/0 Port B =2 PIMA 019 0:00 [OOOOOOO4d
4 =2 1/0 Port C

4 =2 1/0 Port D
4 =2 1/0 Port E
4 =2 1/0 Port F
4 =2 1/0 Port 5

HICAT
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QL2 )i Al
% Step Into & & (F11)

Qo dXAH 2F &F
% PORTAZIXIAH 23

g

*

IO ey

<5 -|[= =] EEPROM .
+[E Cpu and Systemn ..,
+|[E)EEPROM

+ B Miscellaneous
g Watchdog Timer

==
Data Register 000
Direction Register 0xFF
Input Pins 0=00

+=21/0 Port B
422 1/0 Port
A=210 Pt N

Y

iz rdied Lrial [ WY LS

unsigned char +=400=0x130:
int main(){

DORA = OxFF;
=»[PORTA = Ox00;

DORF = OxFF;
FORTF = O=00;

- X

MNarme &d,.. | Value | Bits

L PORTA Ox1B 0x00 OQOO0O0O000
¢ DDRA 0x1a 0xFF HENEREEEN
=B PINA 0:19 0=00 OJO0O0O0O00Ogg




A5 4: LR 222 dlXIAH Ol oH

D []_” _I_T]_ al le_ j_él- =} / ||.-"|:| -| 86| abc.| Address: ||:I:-:I:IEI

< go0ooo oo 00 00 00 00 00 00 00 ........
< 1/O regiSter /l\_ﬂI;H go0oas o0 00 00 Z0 00 00 00 00 ... ...
Oo00o0lo 00 00 00 00 00 o0 00 00 ........
goools oo oo EIEI ag oo oo o0 .. ...
Q00020 00 00 OOpNO0 Q00 a0 od a0 ........
Oo000Es 00 00 00 Q0 00 00 00 00 ........
o00030 00 00 00 §O 00 00 00 00 ..eewas.
oooo3s o0 00 oo oo FB 10 02 ..., r.

Ox1A : DDRA HX|AH F4

#ICAT
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%
Q= Al B
= DORF = DxFF:
% Step Into HA(F11) 22/ |:> PORTE = Ex[l[l;
=ADD = Ox140;
Q1/0 YK AE 2= = S0+ 1) 2 oz
X X * + = Ox22;
70 — == +{ADD + 20 = 0x33;
% PORTAdXIAH 2 +(ADD + 3) = Ox44;
IO Wi v X
<% -2 ] oPartF -
+[BCpu and Systern |,
+|[E) EEPRCM
+ B Miscellaneous
g Watchdog Timer
—== /0 Port &
Data Register =00
Direction Register 0xFF
Input Pins 00 | : '
4 =21/0 Port B Mame Ad,..  Walue | Bits
=2 1/0 Port C = PORTF 0x42 0x00 OOOO0O0O0O0O
+ 2 1/0 Fort D ¥ DORF 041 0<:FF HERBEEEEN
=2 1/0FPortE =2 PINF 0<00 0x00 COJOO0OO0O0O0O
-2 1/0 Fort F
Data Register 000
Direction Register OxFF -
Input Pins Q200 E@@I CAT
A /0O Port G iy

i~ Integrated Circuits for Advanced Technology Lab.
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D[}” — a' J'l-g él- Extended | /0 J 216 | abc. | Address: (0«60
’:’ EXtended I/O /l\__||;__||.| 0aoosd Qo fFFj OO0 00 o0 00 00 .+ @ &.eeew

0000&S D000 DD oo DD 00 00 00 ..vvun..
00 00 00 00 00 00 00 ........
00 00 00 00 00 00 00 ........
00 00 00 00 00 00 00 ........
00 00 00 00 00 00 00 ........
000090 00 00 00 00 06 00 00 ........
000098 00 00 00 20 00 06 00 00 ... ....
Ox61 : DDRF 000040 00 00 00 00 00 00 00 00 .vwew....
E1|I|ﬁE-| _7|<_3,\_ 000045 00 00 00 00 00 00 00 00 ........
0000ED 00 00 00 00 00 00 00 00 ........
O000ES 00 00 00 00 00 00 00 00 ........
000O0CO 00 00 00 00 00 00 00 00 ........
000O0CS 00 00 00 00 00 00 00 00 ........
000000 00 00 00 00 00 00 00 00 ........
0000DS 00 00 00 00 00 00 00 00 ........
O000EQD 00 00 00 00 00 00 00 00 ........
OO0CES 00 00 00 00 00 00 00 00 ........
OO0OFD 00 00 00 00 00 00 00 00 ........
0000FS 00 00 00 00 00 00 00 00 ........

T o
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N
— = = LUy
QZZ )2 AlsH
R - » DORF = OwFF;
% Step Into H & (F11) PORTF = 0x00;
ADD = Dx140;
o=+ 400 = Ox11;
+(ADD + 1) = Ox22;
+(ADD + 2) = 0=33;
+(ADD + 3) = 0=44;
AL X X
Q8+ 2= & A<D
% ADD &2 & o
MName Yalue Type Location
A Oxad '>2 unsigned char 0x0100 [3FAM]
B OxEE '>? un=signed char Ox0101 [3RAM]
C 0xCC '»? unzsigned char Ox0102 [SRAM]
— A4ADD Qx0140 unzigned char® Q0103 [3RAM]
-= 0xFF ' ' unsigned char 0x0140 [3FAM]

M o4 » w - Watch 14 Watch 2 4 Watch 3 4 Watch 4 /
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A2 & &

< Data Memory (SRAM) 1 &4

|Data - E.-’1E| al:u:.| Address: |EI:-:1I:IEI

000100 Ak BE CCl40 |01 00 FF FF 2.,
goolos _EE-FF FF FF FF FF FF FF
ADD 2= Jgoullo FF FF FF FF FF FF FF FF
T goolls FF FF FF FF FF FF FF FF
goolzo FF FF FF FF FF FF FF FF
nQoolzs FF FF FF FF FF FF FF FF
aoolio FF FF FF FF FF FF FF FF
goolss FF FF FF FF FF FF FF FF
ADD7} 7187 = gool4dnl FFIFF FF FF FF FF FF FF
aoulds FF FF FF FF FF FF FF FF
MR FA
aools0 FF FF FF FF FF FF FF FF

e Integrated Circuits for Advanced Technology Lab.
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. _ OORF = DHFF;_
Dﬁij%—l /él%li PORTF = Ox00:
< Step Into & & (F11) = DD 0
s+ (ADD + 1] = Ox22;
+(A0D + 2] = Ox33:
+(ADD + 3) = Oxd4;
bh=MRR-
Qs 2HEE
< ADD Bz 2t
MNarme Yalue Type Location
A Oxad '? unsigned char 0x0100 [3RAM]
B OxEE '? unsigned char 0x0101 [3FAM]
C OxCC '? unsigned char 0x010Z [3RAM]
— 4ADD Qx0140 unsigned char® 0x0103 [5RAM]
-= Ox1l 'A' unaigned char 0x0140 [3RAM]
W 4 » b v Watch 1 Watch 2 [ Watch 3 { Watch 4 /

iii%' CAT
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QL2 &&= &
< Data Memory (SRAM) 1 &4

|Data - Eh"1E| al:u:.| Address: (0x100

oooloo Ad BE CCyd40 01l 00 FF FF 2.,
noolos FE_EP-TI FF FF FF FF FF
= QesTl0 FF FF FF FF FF FF FF FF
ADD T2 noolls FF FF FF FF FF FF FF FF
noaolz0 FF FF FF FF FF FF FF FF
noolzs FF FF FF FF FF FF FF FF
noolsno FF FF FF FF FF FF FF FF

7
ADDJ 000138 FF FF FF FF FF FF FF FF
7] 71+= oool4o|11l |[FF FF FF FF FF FF FF
| 5.2 noad4y FF FF FF FF FF FF FF FF

F A Qools0 FF FF FF FF FF FF FF FF




A5 4: LR 222 dlXIAH Ol oH

4 Al 3H 40D = b1
11 2H AlS * = U113
s B | e
o ol * + = Uxaa:
% Step Into & H(F11) 33 040D + 50 = [edd:
=4 =0:=EB
B=C-4
Qi 2z &
% ADD B 2Z
MNarme Yalue Type Location
iy O=hd '? unsiguned char 0=0100 [3RAM]
E OxEE '? unsigned char 0x0101 [3FAM]
C OxCC '? unsigned char 0x0102 [3RAM]
— ADD 0x0140 unsigned char® 0x0103 [3RAM]
-* 0x11 'A' wnsigned char Ox0140 [3RAM]
M 4 » v Watch 1 4 Watch 2 4 Watch 3 4 Watch 4 /

| ) = y
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AHZc 2&
< Data Memory (SRAM) 1 &4

Xt
S

|Data

aooloo
ooo010a
aoollo
aoo0lla
aoolzo
O00l=a
aool30
oo013a
oool40
aoo0l4s
aools0

FF
FF
FF
FF
FF
FF
FF
11
FF
FF

EE
FF
FF
FF
FF
FF
FF
FF
22
FF
FF

3/16| abe |

CC
FF
FF
FF
FF
FF
FF
FF
33
FF
FF

40
FF
FF
FF
FF
FF
FF
FF
4
FF
FF

01
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

ao
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

Address; |0=100

FF 2.,
FF
FF
FF
FF
FF
FF
FF
FF .73D
FF
FF

~_EN
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A5 4: LR 222 dlXIAH Ol oH

T2 e o 4 e
17 s} * + = 0=33;
D_Ej O =S +( 400 + 3) = Oxdd;
% Step Into & H(F11) ‘ 4=0+E8;
==B=C-4;
FORTA = A;
PORTF = B:
AL DF=XF X
QH s 2tF &
o AES 2E
Mame Yalue Type Location
A 0xEE '? unsigned char 0x0100 [3RAM]
B OxBE '? unsigned char 0x01l01 [SRAM]
C OxCC '? unsigned char 0x01l02 [SERAM]
— A4ADD Dx0140 unsigned char® 0x01l03 [SRAM]
-= 0x11 'A' unsigned char 0x0140 [3RAM]

o4 » w v Watch 14 Watch 2 4 Watch 3 4 Watch 4 /

@

|
{

ICAT
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A2 & &

< Data Memory (SRAM) 1 &4

|Data - E.-"1E:| al:n::.| Address: |0x100

000100 EE BE CC 40 01 00 FF FF ® |
noolos FF FF FF FF FF FF FF FF
noolln FF FF FF FF FF FF FF FF
noolls FF FF FF FF FF FF FF FF
noool=0 FF FF FF FF FF FF FF FF
nool=s FF FF FF FF FF FF FF FF
noolsn FF FF FF FF FF FF FF FF
noolss FF FF FF FF FF FF FF FF
nool4no 11 22 33 44 FF FF FF FF . 73D
nool4s FF FF FF FF FF FF FF FF
Qoolsn FF FF FF FF FF FF FF FF




A5 4: LR 222 dlXIAH Ol oH

QKA 22

< 0Hl=2l View>Register

Xt
S

YView | Tools Debug Wik

Toolbars
Jl + | Status Bar

Disassermbler
Watich
Memory

| [l & £

Mernory 2

Memory 3

Eegister

Alt+1
Alt+4

Alt+0

*

=T

RO0=
ROzZ=
RO4=
ROG=
ROgG=
El0=
Rlz=
Fl4=
Rla=
Rlid=
Rz0=
RZF =

Q=00
Q=00
Q=00
Q=00
Q=00
0=00
O=00
Q=00
Q=00
0=00

000
AMARIN

L524=

0=EE

Rzd=
R30=

Ox 06
0xFE
Qx a3

ROl=
RO3=
RO5=
RO7T=
RO3=
Rll=
Rl3=
Fl5h=
R17=
E19=
Rzl=
R23=
Bzh=
R27=
R29=
R3l=

Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
=01
Q=00
Q=00
Q=00
=01
=01
O=10
=01

NG,

IICAT
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QoS=)2H AlSH A=045;
% Step Into ZE(F11 = ’
* P SS(F11) =PORTA = 4;
PORTF = B:
Qs 2HEE
o BES2AH
Marme Value Type Location
L OxEE 'z unsigned char 00100 [SRAM]
E 0=11 '4A' wunzigned char 00101 [SRAM]
C OxCC 'z unsigned char 00102 [SRAM]
— ADD O=0140 unsigned char?* 00103 [SRAM]
- Ox11 'HA' unsigned char Ox0140 [SEAM]

M 4 » v - Watch 14 Watch 2 4 Watch 3 /4 Watch 4 /

#@ICAT
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Al 2=
= ==

4: L2 H22l2 dIXIAH OloH

QA X AE 2=
R24, R25

\/
0‘0

QA0 22|
Data Memory (SRAM) & &

\/
0‘0

=
i
i

PN

=

-
Z2t&F &

Data

aoolon
aoolos
oonol11o
oo00l1la
o00l=0
0001243
aool3o
000153
000140
oo0014a
000150

EE
FF
FF
FF
FF
FF
FF
FF
11
FF
FF

11|EC

FF
FF
FF
FF
FF
FF
FF
a2z
FF
FF

FF
FF
FF
FF
FF
FF
FF
33
FF
FF

40 01 00 FF

FF
FF
FF
FF
FF
FF
FF
44
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

FF
FF
FF
FF
FF
FF
FF
FF
FF
FF

(@)
=

=

Address: |0x100

FF  z7..
FF
FF
FF
FF
FF
FF
FF
FF ."3D
FF
FF

RO0=
ROE=
RO4=
RO&=
RO&=
R1l0=
Rli=
Rl4=
Rla=
Rlia=
RzZ0=
RzZd=
RzZd=
RzZb=
RZg=
R30=

Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Oxll
Q=00
Q=00
0xll
Dx06
0xFE
Oxd3

ROl=
RO3=
ROA4=
RO7=
RO9=
Ell=
El3=
Elih=
E17=
E19=
Bzl=
Rz23=
Rz5=
Rz7=
Rz9=
R3l=

=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
Q=00
0x0l
Q=00
Q=00
Q=00
0=CC
=0l
Q=10
=01




A5 4: LR 222 dlXIAH Ol oH

_ _ 4=0EB;

Oz ) AloH B=C—4 ;
% Step Into S A (F11) » EE}EBEPF - gi
while(1);

A2 2Z2 &

% /O Al NI AE & E
< Ox1B B X 2z € |IfIII - | EIHE‘ al:u:.‘ Address: |0x00

oooood oo o0 o0 o0 00 00 00 00 ........
ooooog 00 o0 o0 <20 00 00 00 00 ... ...
oooolo oo oo oo oo oo oo 00 ........
ooools oo oo FF BE (OO0 OO0 OO OO ..  Z*...
ooo0o0=0 00 00 OO0 Q0 00 00 00 00 ........
oooo=3 00 00 00 po oo 00 o0 00 .......
oooos0 o0 o0 o0 o0 o0 00 o0 00 L.......
ooooss o0 oo oo oo o0 FBE 10 0O ..., ?.

Ox1B : PORTA HX[AH =&

m&lntegrated Circuits for Advanced Technology Lab.
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QI/O dl Al AH 2F &

*

< PORTA dl Al AH

<% ~ (=] 2| EEPROM
+[B Cpu and Systern |,
+|[E] EEFROM
+ B Miscellaneous
_|{,"'* Watchdog Timer

-2 150 Port &
Data Register 0=EB
Direction Register 0xFF
Input Fins =00

_|ﬂ_ |/0 Port B

_|-._ I;’D F'n:urt C

Marme &d,..  “alue | Bits

L PORTA 0x16 0:66 HORBECORE
P DDRA&, 0x14 0=FF HHEEEENENE
=2 I, 0:19 000  COOOOO00OO

@ICAT
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=

s4: UHUF 222 dlXIAH Olol

QL= )& Aot
< Step Into & & (F11)

N

I xF X}

Qo2

b =0xBE:
B=C-4 ;

FORT &
FORTF

=ewhile(1);

=2 O
< Extended I/O & &
o OxIB B X 22 @ |Estendsd!/0
000060 00
000068 00
000070 0

aooosa

Ox62 : PORTF 0oOooSs 0o
Y| K| AE| Z=4 0000A0 00
000043 00
0000EQ 00

v| 8/16| abc| Address 0480

ao
0 oo
ao
ao
ao
ao
ao
al
ao
ao
ao

an
an
an
an
an
an
an
an
an
an
an

ao
ao
ao
ao
ao
ao
05
05
ao
ao
ao

ao
ao
ao
ao
ao
ao
ao
ao
ao
ao
ao

-
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QI/O dl Al AH 2F &

% PORTF 2l X[ AH

<% <= ] Yo Part F

+[BE Cpu and Systern ..,
B EEPROM

+ B Miscellaneous
s Watchdog Timer

=22 1/0 Port &
Data Register O=BB
Direction Register  OxFF
Input Pins 0=BE

42 I/0PortB

422 1/0 Pont

2 /0Port D

=2 1/0 Port E

=210 Fort F |
Data Register 011
Direction Register  OxFF
Input Pins =00

=2 1/0 Port G

MNarne Ad,., | MWalue | Bits

= PORTF 042 0:11 OO0OECICIC]
¢ DDRF 0=41 0«FF HNHENNEN

=2 PINF 0x00 000 COOOCO0O0O0O0
@ICAT
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