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ABSTRACT

This project uses the wireless device for helping blinder and elder to cross the road. They
will keep wireless sensor near them when they walking through traffic light area which has
installed with this wireless device. It will send a request to traffic light to give blinder and elder a
chance in cross road moreover, this wireless sensor has a loudspeaker to inform whether they can

cross the road or still waiting for sign and the remaining time for crossing.
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B6 {B5 |B4 | B3 |B2 | Bl | BO |—»

a 1
31'7] 2.11 MTEIVOYAUVVDIYNITN
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anuslumsaaleudeyaunueynsy

<3 1 = 1 = 1 a -~ 3
anuirvesmsae Toudoyauuveynsufivindu dadedurfieps)  daunms
d‘ QU 4! =y A A ¥ d‘ ar
nldsuudasvesdyanalunitaluniiGendn vsaiiatbaud rate) Mitasunlasyosdygn
=& 3 =3 § 9 i a dyyY ¥ A
wilinSiennszuaastimsdedoyaunveynsuuinnd 1 dad1d dudeulugivesaunis
atiaaasazld
8015110 (bit rate) = DR I11OA(baud rate)*(1in 1u 1 UDA)

2. MAIVOYAUVLYMIN

nninvestoyaszgnusnds lmumedanelunaudeiu

v

Bé6

A4

BS5

A 4

B4

B3

B2

Bl

\4

BO

A4

310 2.12 msdedoyauuuvnu

4 ]

i suifouns 2 FBunvvwuss lda 19 egeandunueynsy ilesnindesl e
9/ 18 9 A A v 9/ < 3 ¥ 9 =
Joyawnuaniiven Aeawisadidoyaldstad ndweynsumzde ldnate Talunal
@eany muzdmiumssu-dedeyaluszoznialndy drunuveynsuszmuziunsiu-
dedeyai lnan

g 8
2.1.6 nsvengandyaamuUAINea
a o & & A 3
nnaumIniadananivenauganed i lddiuwms

e = Asin(t+P) @.1)
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1 o a L] Y = A a
Li'l"l]%‘,W‘U’J'Ili'lﬁ'lil'Iii’l‘ﬂ'lf’l'lilﬂﬁﬂullﬂﬁ\‘]Wiﬂuﬂﬂ@llﬁﬂqﬂ’ﬂﬁﬂllﬂm‘lﬂﬁ?’ﬂ, ATTUDLWIYY,
@ aa 4 e = a ' . . £
uazia ﬁmﬂpmmmammmumﬂugﬂﬁmaﬂumumﬂuﬂmmm logic high-low <3
a’ d' d' ] = d' = ] . ] -
yaansweaqmasziffsuanueunage, ATAEIYN nioma la logic uiu
9 o an =S Y dy 1 ) @ A
ﬂ'lﬁJf’Jﬂ@ﬂGl‘UﬂiJﬁﬂl‘ﬁﬂﬂ%ﬁﬂﬁuﬁaﬂﬂﬁwuﬁ'luﬂg 3 uyuagnufe

1. MiueAaANNYNA(Amplitude Shift Keying; ASK)

WuiBuequan  FBusng A ldansodeinaisluglues electic puse 111w
szozInas) 14 ASK 1finatinvesmsTa-llaaing salunufidefigaues carrer fio dayanm

DC Afiszauusedu o Trad vieszavfigeganvzdiulyl1d Tluilvgtiuhitnzdumsdalae

1 1 1 =3 [ PR 2 v
1¥aedansolildmeds isnee Iddyaa sinusoidal Afinudludu AF ves HF iy

a9

. ) a o Qs . Y A o a <« & k4
carrior M3latlaaInyvosdaIau carrior 0199z ldtaTesAla lanses nSo01992 1%

o

U 4 o = . Q,IJ é
QI clock AIURUIATOIR UTAT QY0 carrier DAFUNTI

a9

Tuszuw Ask Fayanaluwifidu 1 unudronsdedayae: carrer Ay sinusoid Af)

g9

VUIAVDY Amplitude AN A, 4azANNANN £ SmSUNRMUVEITATIUIU T, seconds, 157

) 4 o
aunsalsuaumIndiarnansunudyana binary ASK Tt

s(0)= {A cos(27f.t) symbol 1

2.2
symbol 0 @2)

2. MINBANIAANIININD(Frequency Shift Keying; FSK)

lu sk 2zl ”ﬂgmm carrier mﬂu sinusoid 2 %@ nuvIA Amplitude A, HaY

o o Wifiu

€e

AN £, uaz £, Nuanaenulgunuluwtd 1 uaz 0 ANUDRIA09929n demodulated Taald

% a

. 4 1 a o % & 1]
frequency sensitive demodulator FaupazA9zmnualinusLAUanInvilN ANULANA1

» 9
A o

FTHAINANNDNIT D580 shift ﬂ'lEl\‘lﬂT’Uf’N shift 3J3J'Iﬂﬂ€l\1‘1’l'lch"if’l'li demodulation \1']818\1"1]‘1!

@

8 9
uaMIEFuaNnazA0dld bandwidth WINVUAE 151EINTOUNY FSK §reauni1saneaisdl

{AE cos(27f,,t) symbol 1
s(t) =

2.3
A, cos(27f,,t) symbol 0 @3
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3. miﬂﬂﬂgmﬂﬂﬁsﬂﬁ@hase Shift Keying; PSK)

1w PSK 919 d oyt carrier M1l sinusoid Aiflvu1a Amplitude A9fi A, LazaNuAnsi
f unue uTs 1 ey 0 foas phase Y84 carrier WUANMIFY 180 Bern v luuTs 1
1oz 0

] v EY 1 dw
FIFNWTDUNUAWTUNITUNANY

(1) = {Ac cos(2af,t)  symbol 1

24
A, cos(2af.t + ) symbol 0 @9

BINARY

CODE vy o 1 1 0 o 1

o)
[}
-
[}
o)

NRZ

ASK

i

B

ESK

1 1 i | ] t

511 2.13 MmsveagEadyaUUATADE

22 C

v v

2 . A =4 o @ A o a Iq ¥ o °

n5eu 11l51n53(Programming) A MIReUMTUNDTINOURAADS IANAIN A1
= < = b o
WewaSauduson TdsunsunSosenus(Software)

a Jd ¥ o <)
MuneunAnesuuily 3 vin
3 9
1. Machine Language(Mun509) lAunduavaessuiniu fs 0 du 1 Wunquduaa

@ o

donFeanuunuA e laun A28nus duav wioswuny uaydganyel Geangu
@aau 0 AU 17 UavYFIUA0(Binary) s zlidavasedfe 0 AU 1 Feedumugiudy

. a ] A o v & Aaa PN = @ t 1 ) =1
(Decimal) MuypdlFludIadsesrTuGaliduaine 0 59 9 4298199 MYFIUTDI 00000001 3

AU 1 YBUAVFIUAL (BYFIUED 00000010 UAUNINY 2 VOUAUFIUFL
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¥ o 1 Yo
2. Low Level Language(Munszaud) 1aun nuueausunf(Assembly) 198uay
@ 1 o ) o I A v @ Y 9
snvsgenmdengu lums@eudrids Jumuindilsomnahinivsedugs mszdeadnla
o A = d 1 R 3 ty 2y d T @
MINNUVDUATOINDUNAADTOINANTI UATORABITININBITLAUGA
3. High Level Language(A¥13zA1g4) 1AuA 161 C++ 211 Java uazdnnateniv 14
o % d' 9k = o _ @ = © o'/ d‘a 9o 9/ 1
MnndanguinlFludiadseiriulums@eumds Juamnntisuldtunamizidhlehe

d' I a 1
M3199 2.1 WSeumn gUTASIBYAN 1IN

Human Language:Decimal
- 1 + 3 1+3
(ﬂ'l‘]el'liﬂqﬂelﬁl:tﬁ"’llﬁ'luﬁﬂ)

00000001

MachineL anguage:Binary
4 00000001 | 10101010 00000011 10101010

(MBPUNTBLLAVFIUADY)

00000011

Low Level Language:Assembly
o 2 - MOV AX,1 ADD MOV BX,3 ||ADD AX,BX
(MPITTAUA LMY WD TLFUUA)

High Level Language:C++
x=1 + y=3 x+y

(MY1TLAUFLCH++,Java)

= = J @ 4

M1Y(C Programming Language) AOMHINBUNAADTS $AUGI(High-Level Language) f
a o @ a 4 L ) ¥ 4 @ 1 Y
Heulflumsfieusrdeneuiunes uywdldnmueaysifadedoaisiu 1wy MuIdingy

19 A @ a do 9 9 o d ¥

uadnzdemstuasuiunesiuiludesldnuneuiunes wu mwn c+

A ansaii i 1$18ueseann Platform lsidaziilu intel PC 779 Windows 95

14 2 ]
30 Windows NT 30 uffud Linux 9199509 Macintosh tazin3saneinandu anenay
4 o o

s 11099103 compiler ¥090 1% g3l

P

2@ umeiiiden defluadenmualunmsldan vie syntax  udlaififad s
&u5931(Built-in Function) a) dartumnglddesnisies lsia deuiounnesieiues
w30 019300 Library Functions 1 1de1u Taw fadduiidluaniilsiosn szgasinsaniily
Library Functions (¥4 msdamsdeanumsaniiunisheasy Input/Output(l/0) N139B9

1} ° . 1 Jo A C4 14 . 1 o
¥H38A U1 (Memory Allocation) uARandunanysaivs 11ifilu Standard Library 15w Hafdy

b ¥ v
=2 Y =

v F4
N3AM3 Graphics WaHazIutUTzUUNIF@wu Huseny UNIX w50 Windows 95) was
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] ¥
Fauradoulunisiameru GUI iy X-Windows #158 Direct X) mM3iuguiiozii ldmund
Jumwnindeudrelddis(portable)

a' . Y = tg L2 A9 a . s [ YY)
SUGKINN AL ] llﬂiﬂﬂ’ﬂﬂll&lﬂll'lﬂﬂ]ﬂ WUHNAH compiler NHIYDDNUULVIVUNUNINNY

a
o YA A i ' 3 A = Bldy N . .
Mldsulinsldgnaudiee tnofsgaladss 119 American National Standard Institute(ANSI)
S I o ad o ' A YN 1q ¥
R MM UANIATTIUVRINENFUU 5801 ANST € tiioasnsgIuvesn 1y 13 il

b

alasulagly

2.2.1 Tnssadaveamu C

isans IWd(Header Files)

fudndidio lavsdinasgiuvesmen ¢ FusgniiudunsuiuTusunsuluvnsi
sdsimsaoulng Tasldmda

#include<¥oraanos INs> viie

#include“Fotaamos s

oo Wi iduanadu h e wozisamedWgHuduiisuiudedions
Yoo 1 wamedlWs Ade wamedIng suion Fwzdlufifinlausi3unsgiisanmsfeady
Bunauazioing

a3 UsHUY Global(Global Variables)

Hudruiildssmeadmsnioniais A8 Talsunsy S91918%a Talsunsw &
Tudnliswiludeain 14

#a 5%’u(F unctions)

Fudufidumdens q 1B Falummn C wetiuldifesTussades 1 fedsuiuie
HAsf5u Main() wazluTalsunsn 1 Tsunsuamnsofifleddu ldnnnda 1 Radd

aaulsuuy Local(Local Variables)

dudmilddmiudszaadulsieg 1 lummzieiduvesaues  Asddusu 'l
aunsainaaseldld Fuzdewimslsemadaudsaeumslfauae uazazdenlsemea
13y

aanlslisunsu(Statements)

fudauiedsaaunandiudaunlsniely Falznenludemdane veanw ¢
uazd1dea1ee 9 linTeanane; Lﬁm‘ﬂumiuaﬂiﬁ’i"jﬁmﬁﬁwﬁm uda daulvg) frds
A9 Y030TH1 C Feudedfuiian tesnnnu C szuenanuaamussiIRuREnuas

= o L] .. o Y 1 v A A r @ v ar
WﬂJWG],‘HﬂIu‘HS’EJ Case Sensitive HUB38NFA0819 14 Test, test nieszhedududulsauazdaiu
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lainsatlas) visdw dnvisvhud lidawdasiitemnazdossisdsasinvastanarsnnassndnsiinbylls



 Timers/Counters 8-Bit §1191 2 ¥4, Timers/Counters 16-Bit $1471 2 ¥4, 8-Bit
PWM 2 % 94, Watchdog Timer, Real Time Counter

1O PORT 10 PIN $147% 6 PORT &) PA PB PC PD PE PF

woin ISP LOAD dwsululsunsy McU@esld3aufuET-AVR ISP niom3es
Tilsunsw ISP dufiimssadesndygroumeus)

19935 Line Driver ﬁm%’uwaé’ﬂéamiagﬂm RS-232 $117U 2 Fos TnaiFoudediy
Fya e PEORXDO) Uoz PEI(TXDO) $1147u 1 904 daufimdedn 1 Joe wzaedy
Fayana PD2(RXD1) tiag PD3(TXDL) e 1dnunsodenaassmsandedons
RS-232

1995 0uABIBLAAINA LCD 1YY Character(BT-CLCD) 201 VR 1luanuaing
493 LCD #219msiHouse1995fU LCD uuL 4 Bit Interface

2995 Regulate 18 +5v / 1A dwuldemduumdesiemidseses sy
seudasHa LCD tazgunsal VO meiildfuumdesisvinaving +5v n¥eu LED
HAAITBUS HUAY

Y1410 PCB Size (AR89 8 X 6 cm

2.3.2 Tassadravesvein

~

—

14} 433
T ;
% %“ i \2 ‘_
.—.J l_—J b 2
RS232-1 RS232~0 L____ s I
g PFO—PF7 PAO—PA7
= E:: P = o
1 N o gl ..
10: 1 | i s
5 ﬂ ﬂ \ng}I E % g m‘y«‘} I
2 2 Q
s 1 >
=
ETT 2
© : www.ettco.th

w . 5
1B RER a o
PWR 3 & 3
N
X
0

G
E
a —
©F
13534
N
) | e
R £ ]
N
ray aot
&
2

51/ 2.14 29951058 ET-BASE AVR ATmegal28
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£
-vianenaw 1 o MCU 1107 ATmega64 1138 ATmegal28 Guilu MCU aszna
AVR 910 ATMEL
-HRUEaY 2 A0 Switch RESET #8151 Reset M3%11911909 MCU
-Huaay 3 f Crystal A1 16 MHz
-Haay 4 fo mdumudmiudsumanuainedd Lep
-HRABaY 5 79 PORT C §911a 8 Bit Ao PCO-PC7
& Jd Yo @ o . 9 o
-HNAY 6 Ao Wose ISP LOAD l¥dw3ua11 Iviaa Hex File IinYU MCU
-NeaY 7 " Ao Woda ET-CLCD dwsuidoudefitl LCD ¥Ha Character Type
2L a9 A v .
#ql¥MsFounsuULD 4 Bit
-RAEAY 8 flo PORT D 119314 8 Bit A9 PDO-PD7
A 9 #0 PORT B 1%11a 8 Bit Ao PBO-PB7
-¥neay 10 #io PORT E 19114 8 Bit Aia PEO-PE7
-vianeay 11 #io PORT F fiwu1a 8 Bit Ao PFO-PF7
“HRNaY 12 #i0 PORT A 119119 8 Bit o PAO-PA7

-Hueay 13, 14

-Hungay 15

-Hunanay 16

¥
@ 1

fio 97¢0 RS232 dwmsuldauiall

&

#0 LED Power 1¥dmisuuaasaaiuzyaaumnasnielu +5vbe

U
@

A 1 Pt o dy 4
i3] ﬁJ’)C‘IﬂLLﬁﬁQil'lfl“lwﬁ'lﬂ'iﬂlﬁflﬂ’)\‘]ﬂiilﬂﬂﬂﬂiﬁ

2.3.3 VIRRHYAINA 9

9 o g [ 4 3 Y ]
Fmividedaanaveaneaia /0 110 MCU Wuizgaoonuubumz ams ou 130 1M

£4
@

927011 IDC-Header Y119 10 Pin(2X5) $143U 6 4@ A PA PB PC PD PE PF auddu lay

s ¥ L
fHhdedyanaudazya swdsznonlidrodygaves V0 MreudenndyaInves

14
@

3 4 v @ o d =
MCU lagassnarina Tnsgagoudanudgyguniouaniosaiifall

14 3
Y P 9 v A 4
- ﬂl’)ﬂauﬁi’lﬂﬂ'lﬂvlﬂﬂ'lﬂiﬂmﬂx‘]’N‘D'ﬁjﬂﬂ‘ﬂ@ﬁﬂ

. §1#0PORTASWuIA8Bit A0 PAO-PAT
- {10 PORTBivuM8Bit Ao PBO-PB7
. #WoPORTCIwMNASBIt A PCO-PCT
- Mo PORTDIWASBIt A0 PDO-PDT
. 4§D PORTE fanuna 8Bit o PEO-PE7

- 49#0 PORT F {vu1a 8 Bit

€

fi® PFO-PF7
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. dade BET-CLCD dmiuideudef LCD ¥ila Character Type
- 420 RS 232 $17u 2 Fou TnaifoudefUdayans PEORXDO) 4azPE1(TXDO)
U 1 Fee daufindedn 1 ¥ee szreiudayaia PD2ARXDI) iag PD3(TXD1)
wiolig1Famsadenansinsinaefioas Rs232
- 440 ISP LOAD Mdmuailvan Hex File iU MCU
2.3.4 M3 1¥an Hex File 14/ MCU
miarniInan Hex File 188y MCU fusuiuszdosld ET-AVR ISP wionins
Tusunsunn ISP 8uq 15U AVRISP v09 ATMEL tioldlunisaniiTnan Hex File ¥
MCU #5008 AVR 999 Atmel 1a81435n1541 Serial Programming FemsarniTvan Hex
File Tuns@iild ET-AVR ISP sznszirumanesavuvesnoufiunes lnofiesdoald
NUIINFY ET-CAP10P ¥098 717 uag Software 11193211 ET-AVR ISP fAifi@ PonyProg2000
&1 PonyProg2000 1151053 Download Yoyauuy HEX File 1911 CPU asz)a AVR lag
1955 MsuuY Serial Programming Feansaldnufunesanszga AVR ves 847 14Ty
oted aaasmslFaTdsunsuTasialily sunsodnun1den Help voe1dsunsuldios
TaoTuiitazvouuzsn i use33ms Setup 1154053 PonyProg2000 ielfaufuuesa
asEQA AVR 04 847 Faannsaldnuldfuuesanizga AVR
1) [5s) foos [168] [E50] @g”‘“@
= 561 oot o] [z (J3—©@

ET-AVR P
10

L

3

= ra807 I

] hoe o .———o

71 2.15 Tnssa¥rsvouosa ET-AVR ISP

- e 1 Ao nosadmsuFoudeny ET-CAP10P v0307% e Tusunsy Hex
File 1#fu MCU
A oA A o

- e 2 fn LED PGM(A1387) uaaedaiuzye9nis Ilsunsunsearnlvion
Hex File 89 MCU

- = dy 4
- Hanamu 3 fia LED PWR(dUAY) Llﬁﬂﬂﬁﬂ"lug,’ﬂjﬂﬂllwmﬂﬂﬂﬂiﬂ
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-~ ) -] A 1w J 4 9}

- nngav4d A9 WaSATIMSUITONABR VIR Target F9e M50 1F1UsUATH Hex
File 14 UU05A ET-AVR STAMP ATmega64 lasidauiesa ET-VR
ISP 14hfiwesa ET-PSPI Feilimsiadoandyanadagy 2.3

M1519N2.2 MssasesnIdaane:

fumen éa&'q;q,nm

1 MOSI

2 VCC

3 1318199
4,6,8,10 GND

5 RESET

7 SCK

9 MISO

ci @ A @
312.16 msdaissandayg o

235 msa‘?auﬂ'eqﬂniniﬁm%’uiﬂismiu Hex File

M3 sunsuTda(Hex File) 191 AVR MCU doeld91usudiy ET-CABI10PIN uay
TUs1n3Y PonyProg2000 IatAa ET-CAPIOPIN #hsuwose Printer wloutiaiden Jumper
gwiulFaunulysunsy PonyProg2000 ud 9ea1s Download fi$#0 ET-PSPI Dovnload
veweda nieumise i wealiEeudos Friimsdeginsainsueniinesa pB 1¥dan

¥ ﬂ' r = @ Qs 1 dsj
panfiou lasnsisaunsziianumzasglae luil




wnasthiduienasnasubidusumsldnuiemadnsivhais bleuwaneldilddysslosaisnwmsen
lainsatlas) visdw dnvisvhud lidawdasiitemnazdossisdsasinvastanarsnnassndnsiinbylls
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19197 2.3 MITUV0INIAIY EHT19 AVR ATmegal6sV 11 nrf24101(A0)

ARUIN Wi
SCK dundaanannin
MOSI fluvrsudeyana Mcu
MISO duwndsdoya’luld Mcu
IRQ delideyaduniiselaouziluco
<aw>-o of2
<PCoResel>210 O1*<PBI>
<PBIMISO>—210 O12—<EBIMOS]>
<PBESCK>O O VeT>

3UM 2.20 116199 W03 DCBT-24AX

¥17 1(GND ) 9 U1 Ground Weeansau v)

ANt 2(PB6) Ao ndmiuaeneialdnusialyl

| 3(PC6/Reset) A9 NF TV TUSUATUAITN ATmegal68V
W7 4(PB1) o Mdmsudonedaldauiily

it 5(PB4/MISO) Ao Md MV TUTUNTUAITN ATmegal68V
Wfi 6(PB3/MOSI) A9 1 m5V TUSUATUAITN ATmegal 68V
W#i 7(PB5/SCK) Ao Nd w5V TUsunTUEITN ATmegal 68V

2.5 lulnsneulnsamesnszga AVR Ju ATmegal68V

Ul

ATmega 168 1JuluTnsnouInsamesnszna AVR 4891550 Atmel Tgaaus &t

amimenssudagauuy RISC

- aoilaenssumelugneenuuu 1 19uny RISE(Reduce Instruction Set Computer)
RISE fin Ml¥asiszunanaiinaunda 1 ida/ 1 Clock née CPU ansmlszuna

fda'ld 1 MIPS / MHZ
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- gafde 131 mide Tagaulngitenun 1 seudyanuiini(clock cycle)
- 53deesuuIa 8 Bit $1u0U 32 60
P4 T o t;l 1T a oyqe .
- anusalumsilszuranauinndi 20 A uAFeRed U IA(Million  Instructions  Per
Second : MIPS)
A NNN
E
- WU Flash 16 Kbytes ansadow/anTusunsuld 10,000 ass
3
- U EEPROM 512 Bytes aunsaewau Tusunsu'ld 100,000 a59
- UUY SRAM 1 Kbytes
Inaea
- 3¥MIN 1.8 89 5.5 VDC
Ao A
ANUDAYANBUNTM
=
- 00694 MH=z
Y -
n13s8ssugUnsainena
- @39Ua(Timer-counter) YH1A 8 UH 2 @2 LAZVUIA 16 TA 1 62
- qﬂﬂiﬂiﬁaﬁﬁ%'au“mmmgﬂimmu SPI 148 USART
A
U
[ o A a [ o
- 52U Reset uUsa TusiatiaSuaenszua Idud 1 InsneuInsames (Power-on
Reset)
& o ar
- ‘Wxiﬂ‘lfuﬁi?ﬂﬁﬂmﬁﬁﬂu(Brown—outDetection)
- STUUMITATINIZIINE Iz Aeusn(internal and External Interrupt)
- 5EURTIRTUMIMNUAANIIAUBITNY(Watchdog Timer)
@ o w "y
- In UABYINHNAINU S Triva 1dun Idle, ADC Noise Reduction, Power-save, Power-
down LiDig Standby

- $299angAnsTeu -40°C 8 85°C
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32 MLF Top View
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51 2.21 TaseadravedluTnsneuInsaaes ATmegal68V 1 32 1

=
s}
=).

1(CE)

&
>
=D

2(CSN)

&
>
=D.

3(SCK)

&2
-
=).

4(MOSI)

&2
-
=D.

5(MISO)

2
-
=).

6(IRQ)

=3
—
=).

7(VDD)

2
-
=).

8(VSS)

=
s}
=D.

AXC2)
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A9 VIAIVAUMITNNUYBINITU(RX) HaZMTAATX) %’ayja

=) A i
A nnugumsfedisveslugaszrin lulnsnouInsa

(@93 ATmegal68V UALFN nRF241.01

Av Ty IR

@ 9

Ao v1iudeyannluTasneuinsaass ATmegal68V

= '

Ao nddoyalildelulnsneuInsames ATmegal6sV

A A Ay ¥ 2 3 I
o vy U ﬂl1u§]$@ﬁﬂ1ﬁﬂ1uglﬂu “0”

folWAsa1.9vaI3.6V

9 U1 Ground ABT AL V)

fio 1160 Crystal2



2
=
=h.

=
=
=h.

=3 2 2 = =
= > > > =
=p. =), 2p. Mp. Sp.

2
=h.

1

-

=4
VN

10(XC1)

11(VDD_PA)

12(ANT1)
13(ANT2)
14(VSS)
15(VDD)
16(IREF)
17(VSS)

18(VDD)

411 19(DVDD)

41N 20(VSS)
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fio 4198 Crystall

&0 TWE09 1.8 v 1moTuF nRF24L01 uazdoudoudeniy
(0TS 2 #(ANT1 LDz ANT2)

Ao WdeLEe AL

Ao vIieLEI0 1AL

i U1 Ground #@1HAU(0 V)

fo M@0 1.0V aa36V

Ao nszuas19de Tasmenudadiuniy 22 k(D deas Ground
9 U1 Ground ABFYAU(O V)

fio IWidss 1.0V 8936V

Ed
fo Tvihosdvisy de-coupling

A9 41 Ground AOABAL(O V)

LA

510 2.22 vden laozunsuvedlulnsnouTnsames ATmegal 68V
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Audnledilddmiusudedoyaluuvuoynsy iunauingszez lna 1Fud1y

A =) @ 1 @ A 2 =~ Qrny
AYD 2.4 GHz wWieulknoimealuda awtsededeyasiasa Tadosawgs Tnuaudia

1. Haanilaenssuuuy QFN Package 20 Pin YUIA 4x4 mm

2. anualumsldaui 2.4 GHz
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faadraniswmuilasunsunag CodeVisionAVR E-g“%-

3. axmiuazlnmnguieing Editor Wiinndaullsunsusiiatn Tadusicadisunsuln

nTZWELT PORTB.O

//**********************************************/;

//*Hardware : ET-AVR STAMP (ATmega64) */;
//*CPU : ATMEL-ATmegat64 */;
//* X-TAL : 16.00 MHz */:
//* Filename : Main.C * [/
//*Complier : CodeVisionAVR V1.24.7e */s
//* Last Update : 9-02-2006 (ETT CO.,LTD) */;
//* : WAW.ETT.CO.TH */;

//*Description : Example LED Blink on Portb.0 */;
//**********************************************/;

//*CodeVisionAVR Compller Option Setting * /s
//*Chip type : ATmega64 */;
//* Program type : Application X/
//*Clock frequency : 16.000000MHzZ */;
//*Memory model : Small */:
//*External SRAM size : 0 */:
//*Data Stack size : 1024 */;

//**********************************************/;

#include <mega64.h> // ATmega64 MCU
#include <delay.h> // Delay functions

void main (void)

{
PORTB=0x00; // PB7..0 =0
DDRB=0x01; // PBO Output

i

//Loop Blink LED on PBO

while (1)

{
PORTB |= 0x01; // PBO = 1 (OFF LED)
delay ms(200); // Display LED Delay
-PORTB &= OxFE; // PBO = 0 (ON LED)
delay ms (200); // Display LED Delay

ETT CO.LTD -2- WWW.ETT.CO.TH
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Features

« High-performance, Low-power AVR® 8-bit Microcontroller
* Advanced RISC Architecture
— 133 Powerful instructions — Most Single Clock Cycie Execution
— 32 x 8 General Purpose Working Registers + Peripheral Control Registers
— Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
~ On-chip 2-cycie Multiplier
« Nonvolatile Program and Data Memories
— 128K Bytes of In-System Reprogrammabie Flash

- ®
Endurance: 10,000 Write/Erase Cycles 8-b|t AVR

- Optional Boot Code Section with Independent Lock Bits

In-System Programr!'ling by 0|:|-chip Boot Program M ic roco ntro | |er
True Read-While-Write Operation

— 4K Bytes EEPROM H
Endurance: 100,000 Write/Erase Cycles WIth 1 28K Bytes

-~ 4K Bytes Internal SRAM ‘

- Up to 64K Bytes Optional External Memory Space ln'SVStem

— Programming Lock for Software Security

—~ SPI Interface for In-System Programming P rog ram mable

¢ JTAG (IEEE std. 1149.1 Compliant) interface
— Boundary-scan Capabilities According to the JTAG Standard Flash

~ Extensive On-chip Debug Support
— Programming of Flash, EEPROM, Fuses and Lock Bits through the JTAG Interface
¢ Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes ATmega1 28
~ Two Expanded 16-bit Timer/Counters with Separate Prescaler, Compare Mode and
Capture Mode
— Real Time Counter with Separate Oscillator ATmega1 28L
- Two 8-bit PWM Channels
- 6 PWM Channels with Programmable Resofution from 2 to 16 Bits
~ Output Compare Modulator
— 8-channel, 10-bit ADC Summary
8 Single-ended Channels
7 Differential Channels
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
~ Byte-oriented Two-wire Serial Interface
— Dual Programmable Serial USARTs
—~ Master/Stave SPI Serial Interface
-~ Programmable Watchdog Timer with On-chip Oscillator
- On-chip Analog Comparator
« Special Microcontroller Features
- Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
- External and Internal Interrupt Sources
~ Six Sleep Modes: Idie, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby
-~ Software Selectable Clock Frequency
—~ ATmega103 Compatibility Mode Selected by a Fuse
— Global Pull-up Disable
¢ /O and Packages
-~ 53 Programmable /O Lines
- 64-lead TQFP and 64-pad MLF
¢ QOperating Voltages
- 2.7 - 5.5V for ATmegal28L
- 4.5 - 5.5V for ATmegai28
Speed Grades
- 0 -8 MHz for ATmega128L ' Rev. 2467MS—AVR~11/04
-~ 0 -16 MHz for ATmegai28

‘ mEl Note: This is a summary document. A complete document
is available on our Web site at www.atmel.com.
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Pin Configurations Figure 1. Pinout ATmega128

B0 =
O=0600
SRR IRDRN o
SO0 0000Q o= Ao
lalialiaalalallalia) lalalial
Q4w $$$$$$$$D <<
SzerripPyLerz88xy
< 0«<ooaooaaanna$>aan
0 50 O I A R I O I
—— | 38833 LBBIBESRL
PENC]{1 o 48 [1 PA3 (AD3)
RXDO/(PDI) PEO[] 2 47 |1 PA4 (AD4)
(TXDO/PDO) PE1 [13 46 [1 PA5 (AD5)
(XCKO/AINO) PE2 (1 4 45 [ PA6 (ADS)
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(OC3C/INT5) PES [} 7 42 1 PC7 (A15)
(T3/INT6) PE6 [} 8 41 1 PC6 (A14)
(ICP3/INT7) PE7 [} 9 40 1 PC5 (A13)
(SS) PBO J 10 39 [1PC4 (A12)
(SCK) PB1 [ 11 381 PC3 (A11)
(MOSI) PB2 [} 12 37 [J PC2 (A10)
(MISO) PB3 13 36 [1 PC1 (A9)
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Note:  The bottom pad under the MLF package should be soldered to ground.
Overview The ATmegai128 is a low-power CMOS 8-bit microcontroller based on the AVR
enhanced RISC architecture. By executing powerful instructions in a single clock cycle,
the ATmegai28 achieves throughputs approaching 1 MIPS per MHz allowing the sys-
tem designer to optimize power consumption versus processing speed.
2 ATmega1 28 ]

2487MS-AVR-11/04
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Block Diagram

Figure 2. Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing
two independent registers to be accessed in one single instruction executed in one clock
cycle. The resulting architecture is more code efficient while achieving throughputs up to
ten times faster than conventional CISC microcontrollers.

The ATmega128 provides the following features: 128K bytes of In-System Programma-
ble Flash with Read-While-Write capabilities, 4K bytes EEPROM, 4K bytes SRAM, 53
general purpose /O lines, 32 general purpose working registers, Real Time Counter
(RTC), four flexible Timer/Counters with compare modes and PWM, 2 USARTS, a byte
oriented Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential
input stage with programmable gain, programmable Watchdog Timer with Internal Oscil-
lator, an SP1 serial port, IEEE std. 1149.1 compliant JTAG test interface, also used for
accessing the On-chip Debug system and programming and six software selectable
power saving modes. The ldle mode stops the CPU while aliowing the SRAM,
Timer/Counters, SPI port, and interrupt system to continue functioning. The Power-
down mode saves the register contents but freezes the Oscillator, disabling all other
chip functions until the next interrupt or Hardware Reset. In Power-save mode, the asyn-
chronous timer continues to run, allowing the user to maintain a timer base while the
rest of the device is sleeping. The ADC Noise Reduction mode stops the CPU and all
I/O modules except Asynchronous Timer and ADC, to minimize switching noise during
ADC conversions. In Standby mode, the Crystal/Resonator Oscillator is running while
the rest of the device is sleeping. This allows very fast start-up combined with low power
consumption. In Extended Standby mode, both the main Oscillator and the Asynchro-
nous Timer continue to run.

The device is manufactured using Atmel’s high-density nonvolatite memory technology.
The On-chip ISP Flash allows the program memory to be reprogrammed in-system
through an SP1{ serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boot program can use any
interface to downioad the application program in the application Flash memory. Soft-
ware in the Boot Flash section will continue to run while the Application Flash section is
updated, providing true Read-While-Write operation. By combining an 8-bit RISC CPU
with In-System Self-Programmable Flash on a monolithic chip, the Atmel ATmega128 is
a powerful microcontroller that provides a highly flexible and cost effective solution to
many embedded control applications.

The ATmega128 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assembiers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

The ATmega128 is a highly complex microcontrolier where the number of 1/O locations
supersedes the 64 /O locations reserved in the AVR instruction set. To ensure back-
ward compatibility with the ATmega103, all VO locations present in ATmega103 have
the same location in ATmega128. Most additional 1/0 locations are added in an
Extended I/O space starting from $60 to $FF, (i.e., in the ATmega103 internal RAM
space). These locations can be reached by using LD/LDS/LDD and ST/STS/STD
instructions only, not by using IN and OUT instructions. The relocation of the internal
RAM space may still be a problem for ATmega103 users. Also, the increased number of
interrupt vectors might be a problem if the code uses absolute addresses. To solve
these problems, an ATmega103 compatibility mode can be selected by programming
the fuse M103C. In this mode, none of the functions in the Extended I/O space are in
use, so the internal RAM is located as in ATmega103. Also, the Extended Interrupt vec-
tors are removed.

ATmega128 m s —————

2467MS-AVR-11/04
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ATmega103 Compatibility
Mode

Pin Descriptions
vcce
GND

Port A (PA7..PAO)

Port B (PB7..PB0)

2467MS-AVR~11/04

The ATmega128 is 100% pin compatible with ATmega103, and can replace the
ATmega103 on current Printed Circuit Boards. The application note “Replacing
ATmegal03 by ATmega128” describes what the user should be aware of replacing the
ATmega103 by an ATmegai128.

By programming the M103C fuse, the ATmega128 will be compatible with the
ATmega103 regards to RAM, I/O pins and interrupt vectors as described above. How-
ever, some new features in ATmega128 are not available in this compatibility mode,
these features are listed below:

e One USART instead of two, Asynchronous mode only. Only the eight least
significant bits of the Baud Rate Register is available.

» One 16 bits Timer/Counter with two compare registers instead of two 16-bit
Timer/Counters with three compare registers.

» Two-wire serial interface is not supported.

e Port C is output only.

e Port G serves alternate functions only (not a general I/O port).

* Port F serves as digital input only in addition to analog input to the ADC.

* Boot Loader capabilities is not supported.

¢ |tis not possible to adjust the frequency of the internal calibrated RC Oscillator.

* The External Memory Interface can not reilease any Address pins for generai 1/O,
neither configure different wait-states to different External Memory Address
sections.

In addition, there are some other minor differences to make it more compatible to
ATmega103:

* Only EXTRF and PORF exists in MCUCSR.

* Timed sequence not required for Watchdog Time-out change.

* External Interrupt pins 3 - Q serve as level interrupt only.

* USART has no FIFO buffer, so data overrun comes earlier.

Unused I/0O bits in ATmega103 should be written to 0 to ensure same operation in
ATmega128.

Digital supply voltage.
Ground.

Port A is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port A output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port A pins that are externally pulied low will source
current if the pull-up resistors are activated. The Port A pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port A also serves the functions of various special features of the ATmega128 as listed
on page 70.

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source

AIMEL 5
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Port C (PC7..PC0)

Port D (PD7..PD0)

Port E (PE7..PEO)

Port F (PF7..PF0)

Port G (PG4..PGO0)
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current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port B also serves the functions of various special features of the ATmega128 as listed
on page 71.

Port C is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port C output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port C also serves the functions of special features of the ATmega128 as listed on page

74. in ATmega103 compatibility mode, Port C is output only, and the port C pins are not

tri-stated when a reset condition becomes active.

Note:  The ATmegai128 is by default shipped in ATmega103 compatibility mode. Thus, if the
parts are not programmed before they are put on the PCB, PORTC will be output during
first power up, and until the ATmega103 compatibility mode is disabled.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulied low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega128 as listed
on page 75.

Port E is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each
bit). The Port E output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port E pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port E pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port E also serves the functions of various special features of the ATmega128 as listed
on page 78.

Port F serves as the analog inputs to the A/D Converter.

Port F also serves as an 8-bit bi-directional 1/O port, if the A/D Converter is not used.
Port pins can provide internal pull-up resistors (selected for each bit). The Port F output
buffers have symmetrical drive characteristics with both high sink and source capability.
As inputs, Port F pins that are externally pulled low will source current if the puli-up
resistors are activated. The Port F pins are tri-stated when a reset condition becomes
active, even if the clock is not running. If the JTAG interface is enabled, the pull-up resis-
tors on pins PF7(TDi), PF5(TMS), and PF4(TCK) will be activated even if a Reset
occurs.

The TDO pin is tri-stated unless TAP states that shift out data are entered.

Port F also serves the functions of the JTAG interface.

In ATmega103 compatibility mode, Port F is an input Port only.

Port G is a 5-bit bi-directional 1/O port with internal puil-up resistors (selected for each

bit). The Port G output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port G pins that are externally pulled low will source

6 ATmegal28 messsee————————————
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XTAL1

XTAL2

AVCC

AREF

PEN

2467MS-AVR=11/04

current if the pull-up resistors are activated. The Port G pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port G also serves the functions of various special features.

The port G pins are tri-stated when a reset condition becomes active, even if the clock is
not running.

In ATmega103 compatibility mode, these pins only serves as strobes signals to the
external memory as well as input to the 32 kHz Oscillator, and the pins are initialized to
PGO =1, PG1 = 1, and PG2 = 0 asynchronously when a reset condition becomes active,
even if the clock is not running. PG3 and PG4 are oscillator pins.

Reset input. A low level on this pin for longer than the minimum pulse length wilt gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
19 on page 48. Shorter pulses are not guaranteed to generate a reset.

Input to the inverting Oscillator amplifier and input to the internal clock operating circuit.

Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port F and the A/D Converter. It should be externally
connected to V., even if the ADC is not used. If the ADC is used, it should be con-
nected to V¢ through a low-pass filter.

AREF is the analog reference pin for the A/D Converter.

PEN is a programming enable pin for the SPI Serial Programming mode, and is inter-

nally pulled high . By holding this pin low during a Power-on Reset, the device will enter
the SPI Serial Programming mode. PEN has no function during normal operation.

AIMEL 7
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Address Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit0 Page

(3FF) Reserved - = - - - - ot -
. Reserved - - - = - - - =

($9E) Reserved - - - - _ _ _ _
{$9D) UCSRiC - UMSEL1 UPM11 UPM10 USBS1 UGcSZ11 UCSZ10 UCPOL1 191
($9C) UDR1 USART1 1/O Data Register 189
{$9B) UCSR1A RXC1 TXCt UDREt FE1 DORA1 UPE1 Uzx1 MPCM1 189
($9A) UCSR1B RXCIEt TXCIE1 UDRIE1 RXEN1 TXENT Ucszi2 RXB81 TXB81 180
{$99) UBRR1L USART1 Baud Rate Register Low 193
($98) UBRRt1H - - - - USART1 Baud Rate Register High 193
{$97) Reserved - — — — — — - -
($96) Reserved - — — — - - d -
($95) UCSROC - UMSELO UPMO1 UPMO0O USBS0 UGSZ01 UCSZ00 UCPOLO 191
{$94) Reserved - - — — — -~ — -
($93) Reserved - - - - - - - -
($92) Reserved - - - — - - - -
($91) Reserved - - - - = - = =
{$90) UBRROH - -~ — — USARTO Baud Rate Register High 193
($8F) Reserved - - - - - - - -
($8E) Reserved - - ~ - - — - -
{$8D) Reserved = = = - - - - =
{$8C) TCCR3C FOC3A FOC3B FOC3C - - — - — 135
{$8B) TCCR3A COM3A1 COM3A0 COM3B1 COM3B0 COM3C1 COM3Co WGM3t WGM30 131
{$8A) TCCR3B ICNC3 ICES3 — WGMS33 WGM32 832 CS31 CS30 134
{$89) TCNT3H Timer/Counter3 — Counter Register High Byte 136
{$88) TCNT3L Times/Counterd — Counter Register Low Byte 136
($87) OCR3AH Timer/Counter3 - Output Compare Register A High Byte 136
{$86) OCR3AL Timer/Counter3 — Output Compare Register A Low Byte 136
{$85) OCR3BH Timer/Counter3 — Qutput Compare Register B High Byte 137
($84) OCR3BL Timer/Counter3 - Output Compare Register B Low Byte 137
($83) OCR3CH Timer/Counter3 ~ Qutput Compare Register C High Byte 137
($82) QCR3CL Timeyr/Counter3 — Output Compare Register C Low Byte 137
($81) ICR3H Timer/Counter3 — Input Capture Register High Byte 137
($80} ICR3L Timer/Counter3 — Input Capture Register Low Byte 137
($7F) Reserved - - - - ~ - - -
($7E) Reserved - - - - - -~ — -
{$7D) ETIMSK - - TICIE3 OCIE3A OCIESB TOIE3 QCIE3C OCIEiC 138
{$7C) ETIFR - - ICF3 OCF3A OCF3B TOV3 OCF3C OCFi1C 139
$78) Reserved - - - - - - - —
($7A) TCCRIiC FOCi1A FOC1B FOC1C - - — - - 135
($79) OCR1CH Timer/Counter! — Output Compare Register C High Byte 136
($78) OCRiCL Timer/Counter! — Qutput Compare Register C Low Byte 136
$77) Reserved - — - - - - —~ -
($76) Reserved - - - - - - — —
($75) Reserved - - - - - - - -
($74) TWCR TWINT TWEA TWSTA TWSTO TWWC TWEN -~ TWIE 206
($73} TWDR Two-wire Serial Interface Data Register 208
{$72) TWAR TWAB TWAS TWA4 TWA3 TWA2 TWA1 TWAQ TWGCE 208
{$71) TWSR TWS7 TWS6 TWS5 TWS4 TWS3 - TWPS1 TWPSO0 207
($70) TWER Two-wire Serial Interface Bit Rate Register 208
($6F) OSCCAL Osciltator Cafibration Register 39
{$6E) Reserved -~ - - - - - - -
(%60} XMCRA -~ SRL2 SRi1 SRLO SRWO1 SRW00 SRW11 29
{$6C) XMCRB XMBK - — — = XMM2 XMM1 XMMO 31
($6B) Reserved - — - - - - - -
($6A) EICRA ISC31 1SC30 15C21 iSC20 ISC11 ISC10 1ISCO1 1SCO0 87
($69) Reserved - - - - - — - -
{$68) SPMCSR SPMIE RWWSB - RWWSRE BLBSET PGWRT PGERS SPMEN 279
($67) Reserved - - - - - - - -
($66) Reseived — - - - - - - -
{$65) PORTG = - — PORTG4 PORTG3 PORTG2 PORTG1 PORTGO 86
($64) DDRG — — - DDG4 DDG3 DDG2 DDG1 DDGO 86
($63) PING - - - PING4 PING3 PING2 PING1 PINGO 86
{$62) PORTF PORTF7 PORTF6 PORTF5 PORTF4 PORTF3 PORTF2 PORTF1 PORTFO 85

ATmegal28 s ——————— e ———
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Register Summary (Continued)

Address Name Bit7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit 0 Page
($61) DDRF DDF7 DDF6 DDFS DDF4 DDE3 DDF2 DDF1 DDFO 86
{$60) Reserved - ~ - - - — - -~

$3F ($5F) SREG ! T H S \ N Z C g

$3E ($5E) SPH SP1s SP14 SP13 SP12 SP11 SP10 SP9 SP8 12

$3D ($5D) SPL SP7 SP6 8P5 SP4 SP3 SP2 SP1 SPO 12

$3C ($5C) XDV XDIVEN XDIve XDIv5 XDIvV4 XDiv3 XDIV2 XDiV1 XDIVo 41

$3B ($5B) RAMPZ — — - — - — — RAMPZ0 12

$3A (35A) EICRB ISC71 ISC70 1SC61 1SC80 {SC51 1SC50 18C41 ISC40 88

$39 {$59) EIMSK INT7 INT6 INT5 INT4 INT3 INT2 INT1 INTO 89

$38 ($58) EIFR INTF7 INTF6 INTF5 INTF4 INTF3 . INTF INTF1 INTFO 89

$37 ($57) TiMSK OCIE2 TOIE2 TICIEt QOCIE1A OCIE1B TOIET OCIEQ TOIEQ 106, 138, 158

$36 ($56) TiFR OCF2 TOV2 ICF1 OCF1A OCF1B TOVi OCFo0 TOVo 106, 139, 158

$35 {$55) MCUGR SRE SRW10 SE SM1 SMo SM2 IVSEL IVCE 29, 42, 61

$34 ($54) MCUCSR JTD - - JTRF WDRF BORF EXTRF PORF 51, 256

$33 ($53}) TGCRO FOCO waeMoo COMO1 COMOo0 WGEMO1 cso2 CS01 CS00 101

$32 ($52) TCNTO Timer/Counterd (8 Bif) 103

$31 ($51) OCROC Timer/Counterd Output Compare Register 103

$30 ($50) ASSR - -~ = - ASC TCNOUB OCROUB TCROUB 104

$2F ($4F) TCCR1A COM1A1 COM1AO COM1B1 COM1B0o COM1C1 COM1Co WGEM11 WGM10 131

$2E ($4E) TCCR1B ICNG1 ICES1 = WGEM13 WGM12 Cs12 CSsi11 CS10 134

$2D ($4D) TCNTIH Timer/Counter1 — Counter Register High Byte 136

$2C ($4C) TCNTIL Timer/Counteri — Counter Register Low Byte 136

$2B ($4B) OCR1AH Timer/Counteri ~ Output Compare Register A High Byte 136

$2A ($4A) OCR1AL Timet/Countsrt — Quiput Compare Register A Low Byle 136

$29 ($49) OCR1BH Timer/Countert — Qutput Compare Register B High Byte 136

$28 {$48) OCR1BL Timer/Counter1 — Output Compare Register B Low Byte 136

$27 ($47) {CR1H Timer/Counter? — input Capture Register High Byte 137

$26 ($456) iICR1L Timer/Counteri — Input Capture Register Low Byte 137

$25 ($45) TCCR2 Foc2 | weMzo | coma como | wem2t |  ocsee | cset | cse20 156

$24 ($44) TCNT2 Timer/Counter2 (8 Bit) 158

$23 ($43) OCR2 Timer/Counter2 Output Compare Register 158

$22 ($42) OCDR IDRD/OCDR7 OCDR6 OCDR5 OCDR4 OCDR3 OCDR2 OCDR1 OCDRO 253

$21 ($41) WDTCR - - — WDCE WDE wbpP2 WDP1 WDPO 53

$20 ($40) SFIOR TSM = — - ACME PUD PSRO PSR321 70, 107, 143, 228

$1F ($3F) EEARH - - - - EEPROM Address Register High 19

$1E ($3E) EEARL EEPROM Address Register Low Byte 19

$1D ($3D) EEDR EEPROM Data Register 20

$1C ($3C) EECR - — - — EERIE EEMWE EEWE EERE 20

$1B ($3B) PORTA PORTA7 PORTAG6 PORTAS PORTA4 PORTA3 PORTA2 PORTA1 PORTAQ 84

$1A ($3A) DDRA DDA7 DDAS DDAS DDA4 DDA3 DDA2 DDA1 DDAD 84

$19 ($39) PINA PINA7 PINAG PINAS PINA4 PINA3 PINA2 PINA1 PINAO

$18 ($38) PORTB PORTB7 PORTB6 PORTB5 PORTB4 PORTB3 PORTB2 PORTB1 PORTBO 84

$17 ($37) DDRB DDB7 DDB6 DDBS DDB4 DDB3 DDB2 DDB1 DDBO

$16 ($36) PINB PINB7 PINB6 PINB5S PINB4 PINB3 PINB2 PINB1 PINBO 84

$15 ($35) PORTC PORTC? PORTCS PORTCS PORTC4 PORTC3 PORTC2 PORTCA PORTCO 84

$14 ($34) DDRC DDC7 DDC6 DDCS DDC4 DDC3 DDC2 DDC1 DDCO 84

$13 ($33) PINC PINC7 PINCE PINCS PINC4 PINC3 PING2 PINC1 PINCO 85

$12 ($32) PORTD PORTD?7 PORTDS PORTD5 PORTD4 PORTD3 PORTD2 PORTD1 PORTDO 85

$11 ($31) DDRD DDD7 DDD6 DDD5 DDD4 DDD3 DDD2 DDD1 DDDO 85

$10 ($30) PIND PIND7 PIND6 PINDS PIND4 PIND3 PIND2 PIND1 PINDO 85

$OF ($2F) SPDR SPi Data Register 168

$OE ($2E) SPSR SPIF WCOL - - — — — SPIZX 168

$0D ($2D) SPCR SPIE SPE DORD MSTR CPOL CPHA SPRt SPRO 166

$0C ($2C) UDRO USARTO /O Data Register 189

$0B ($2B) UCSROA RXCo TXCO UDREC FEO DORO UPED Uuaxo MPCMO 189

$0A ($2A) UCSROB RBXCIEQ TXCIEG UDRIEOQ RXENO TXENO Ucszo2 RXB80 TXBso 190

$09 ($29) UBRROL USARTO Baud Rate Register Low 193

$08 ($28) ACSR ACD ACBG ACO ACH ACIE ACIC ACIS1 ACISO 228

$07 ($27) ADMUX REFS1 REFSO ADLAR MUX4 MUX3 MUX2 MUX1 MUXO0 244

$06 ($26) ADCSRA ADEN ADSC ADFR ADIF ADIE ADPS2 ADPS1 ADPSO 245

$05 ($25) ADCH ADC Data Register High Byte 246

$04 ($24) ADCL ADC Data Register Low byte 246

$03 ($23) PORTE PORTE?7 PORTEG PORTES PORTE4 PORTE3 PORTE2 PORTE1 PORTED 85

$02 ($22) DDRE DDE7 DDEG DDES DDE4 DDE3 DDE2 DDE1 DDEC 85

ATMEL
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Register Summary (Continued)

Address Name Bit7 Bit 6 Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 Page
$01 ($21) PINE PINE7 PINE6 PINES PINE4 PINE3 PINE2 PINE1 PINEQ 85
$00 ($20) PINF PINF7 PINF6 PINF5 PINF4 PINF3 PINF2 PINF1 PINFO 86
Notes: 1. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O memory addresses
should never be written.
2. Some of the status flags are cleared by writing a logical one to them. Note that the CBI and SB! instructions will operate on

all bits in the /O register, writing a one back into any flag read as set, thus clearing the flag. The CBl and SBI instructions
work with registers $00 to $1F only.

10 ATMEG AT 28 1000000 —————
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Instruction Set Summary

Mnemonics | Operands l Description Operation Flags #Clocks
ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd « Rd + Ar ZCNV,H 1
ADC Rd, Rr Add with Cany two R Rd< Rd+8Br+C Z,ONVH 1
ADIW RdLK Add Immediate to Word Rdh:Rdl « Rdn:Rdi + K ZLCNV,S 2
SuB Rd, Rr Subtract two Registers Rd « Rd-Rr ZONV,H 1
SUBI Rd, K Subtract Constant from Register Rd < Rd-K ZCNVH 1
SBC Rd, Ar Subtract with Carry two Registers Rd<« Rd-Rr-C Z,C.NV,H 1
SBCI Rd, K Subtract with Carry Constant from Reg. Rd« Rd-K-C Z,C,NV,H 1
SBIW RdlL.K Subtract Immediate from Word Rdh:Rd! « Rdh:Rd! - K Z,CN,V,S 2
AND Rd, Rr Logical AND Registers Rd « Rd s Rr ZNV 1
ANDI Rd, K Logical AND Register and Constant Rd<« RdeK ZNV 1
OR Ad, Rr Logical OR Registers Rd <« RdvBr ZNV 1
ORt Rd, K Logical OR Register and Constant Rd < RdvK ZNV 1
EOR Rd, Rr Exclusive OR Registers Rd<« RdORr ZNNV 1
COM Rd One’s Complement Rd « $FF - Rd Z,C.NV 1
NEG Rd Two's Complement Rd « $00 - Rd Z,C,N,V H 1
SBR Rd K Set Bit(s) in Register Rd< RdvK ZNYV 1
CBR Rd.K Clear Bit(s) in Register Rd « Rd e ($FF - K} ZNV 1
INC Rd Increment Rd « Rd + 1 ZNV 1
DEC Rd Decrement Rd<« Rd-1 ZNV 1
TST Rd Test for Zero or Minus Rd « Rd» Rd ZNV 1
CLR Rd Clear Register Rd « Rd® Rd ZNV 1
SER Rd SetR Rd « $FF None 1
MUL Rd, Rr Multiply Unsigned R1:R0 <« Rd x Rr ZC 2
MULS Rd, Rr Multiply Signed R1:R0 « Rd xAr zC 2
MULSU Rd, Rr Multiply Signed with Unsigned R1:R0 « Rd x Rr Z,C 2
FMUL Rd, Ar Fractionat Multiply Unsigned R1:R0 « (Rdx Rr) << 1 ZC 2
FMULS Rd, Rr Fractional Multiply Signed R1:R0 « (RdxRn) << 1 Z,C 2
FMULSU FldI Rr Fractionat Multiglx Sisnad with Unsigned R1:R0 « st x B} << 1 5C 2
BRANCH INSTRUCTIONS
RJMP k Relative Jump PC«PC+k +1 None 2
iJMP Indirect Jump to (Z} PCeZ None 2
JMP k Direct Jump PC<«k None 3
RCALL k Relative Subroutine Cail PC« PC+k+1 None 3
ICALL Indirect Call to (2) PC«Z None 3
CALL k Direct Subroutine Gall PC « k None 4
RET Subroutine Retum PC « STACK None 4
RETI Interrupt Retum PC « STACK i 4
CPSE Rd,RAr Gompare, Skip if Equal f(RO=RPC«—PC+20r3 None 1/2/3
CP Rd,Rr Compare Rd - Rr Z,NV,.CH 1
CPC Rd,Rr Compare with Carry Rd—-Rr-C Z,NV,.CH 1
CP1 Rd,K Compare Register with Immediate Rd-K Z,NV,CH 1
SBRC Rr,b Skdp if Bit in Register Cleared if (Rr{b)=0) PC < PC+ 2 0r3 None 1/2/3
SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1)PC«PC+20r3 Nane 1/2/3
SBIC P, b Skip if Bit in /O Register Cleared if (P(b)=0) PC« PC+20r3 None 1/2/3
SBIS P.b Skip if Bit in VO Register is Set if (P(b)=1) PC«~PC+20r3 None 1/2/3
BRBS s, K Branch if Status Flag Set if (SREG(s) = 1) then PCPC+K + 1 None 1/2
BRBC s, K Branch if Status Flag Cleared if (SREG(s) = 0) then PCePC+k+ 1 None 1/2
BREQ k Branch it Equal f(Z=1)thenPC«PC+k+1 None 1/2
BRNE k Branch if Not Equal f(Z=0)thenPC« PC+k+1 Nons 1/2
BRCS K Branch if Carry Set H({C=1)thenPC« PC+k+1 None 1/2
BRCC k Branch if Carry Cleared f({C=0)thenPC«PC+k+1 None 1/2
BRSH K Branch if Same or Higher if(C=0)thenPC«PC+k+1 None 1/2
BRLO k Branch if Lower f{C=1)thenPC<« PC+k+1 None 1/2
BRMI k Branch if Minus #(N=1)thenPC«PC +k+1 None 1/2
BRPL k Branch if Plus f(N=0)thenPC e PC+k+1 None 1/2
BRGE K Branch if of Equal, Signed f(NOV=0)then PC« PC+k+ 1 None 1/2
BRLT k Branch if Less Than Zero, Signed FNOV=1)thenPC« PC+k+1 None 1/2
BRHS k Branch if Half Cany Flag Set f(H=1)thenPC«PC+k«+1 None 1/2
BRHC K Branch if Half Carry Flag Cleared if(H=0)thenPC«PC+k+1 None 1/2
BRTS k Branch if T Flag Set f(T=1)then PC« PC +k +1 None 1/2
BRTC K Branch if T Flag Cleared if(T=0)thenPC«PC+k+1 Nane 1/2
BRVS K Branch if Overfiow Flag is Set #F{V=1)thenPC« PC+k+1 None 1/2
BRVC K Branch if Overflow Flag is Cleared #(V=0}thenPC«PC+k+1 None 1/2

2467TMS-AVR-11/04
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Instruction Set Summary (Continued)
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Mnemonics Operands Description Operation Flags #Clocks
BRIE k Branch if Interrupt Enabied if(1=1)thenPC«PC+k+1 None 1/2
BRID k Branch if Intermgt Disabled (=0} w PC « PC +k+1 No_ne 1/2
DATA TRANSFER INSTRUCTIONS
MOV Rd, Ar Mové B 1 R Ad < Rr None 1
MOVW Rd, Ar Copy Register Ward Rd+1:Rd « Rr+1:Rr None 1
LDi Rd, K Load Immediate Ad « K None 1
LD Rd, X Load indirect Rd « (X} None 2
LD Rd, X+ Load Indirect and Post-Inc. Rd« {X), X< X+1 None 2
LD Rd, - X Load indirect and Pre-Dec. X« X-1,Rd< {X) None 2
LD Rd, Y Load Indirect Rd « () None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd<«(¥),Y<Y+1 None 2
LD Rd,-Y Load Indirect and Pre-Dec. Y<« Y-1, Rd<« (Y) None 2
LDD Rd,Y+g Load Indirect with Displacement Rd <« (Y+q) None 2
LD Rd, Z Load indirect Rd « (Z) None 2
LD Rd, Z+ Load indirect and Post-lnc. Ad <« (2).Z« Z+1 None 2
LD Rd, -Z 1.0ad Indirect and Pre-Dec. Z2«Z-1,Bd«(2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z +q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
8T X, Rr Store Indirect {X) < Rr None 2
ST X+, Rr Store Indirect and Post-inc. X <RBr,XeX+1 None 2
ST -X, Br Store Indirect and Pre-Dec. X< X-1, X}« Rr None 2
8T Y, Ar Store Indirect {Y)« Rr None 2
8T Y+, Rr Store Indirect and Post-Inc. {(YY«<Rr,Ye<Y+1 Nong 2
ST -Y,Ar Store Indirect and Pre-Dec. Ye<Y-1,(Y)<Rr None 2
8STD Y+q,Br Store Indirsct with Displacement {Y +q) « Rr None 2
ST Z, Rr Store Indirect (Z) « Rr None 2
ST Z+ Rr Store Indirect and Post-inc. D) «RLZ<Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z<Z-1,(Z)« RAr Nons 2
STD Z+q,Br Store Indirect with Displacement (Z+qg)«Rr None 2
ST8 k, Rr Store Direct to SRAM {k} < Rr None 2
LPM Load Program Memory RO « (Z) None 3
LPM Rd, Z Load Program Memory Rd <« (Z) None 3
LPM Rd, Z+ Load Program Memory and Posi-Inc Rd « (2), Z « Z+1 None 3
ELPM Extended Load Program Memory RO « (RAMPZ:Z) None 3
ELPM Rd, Z Extended Load Program Memory Rd « (RAMPZ:Z} None 3
ELPM Rd, Z+ Extended Load Program Memory and Post-inc Rd « (RAMPZ:Z), RAMPZ:Z <~ RAMPZ:Z+1 None 3
SPM Store Program Memory {Z) « R1:RO None -
IN Rd, P In Port Rd <P None 1
out P.Rr Out Port P« Rr None 1
PUSH Rr Push Register on Stack STACK <« Rr None 2
_l:_C_Jl: RL PoE Register {from Stack Rd « STACK N% 2
BIT AND BIT-TEST INSTRUCTIONS
SBI Pb Set Bit in /O Register /O(P,b) < 1 None 2
CBI P.b Clear Bt in O Register 1/O(P,b) < O None 2
LSL RAd Logical Shift Left Rd(n+1) < Rd{n), Rd{0} < 0 Z,C,N,V 1
LSR Rd_ Logical Shift Right Rd(n) « Rd(n+1)}, Rd(7) « 0 Z.C NV 1
ROL Rd Rotate Left Through Cany Rd{0)«-C,Rd(n+1}« Rd(n),C<Rd(7) ZCNV 1
ROR Rd Rotate Right Through Carry Rd(7)¢«C,Rdin}e Rd{n+1),C<Rd(0) ZCNV 1
ASR Rd Arithmetic Shift Right Rd(n) « Rd(n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3..0)«Rd(7..4),Rd(7..4)<-Rd(3..0) None 1
BSET S Flag Set SREG(s) « 1 SREG(s) 1
BCLR s Flag Clear SREG(s) « 0 SREG(s) 1
BST Ar, b Bit Store from Registerto T T < Br{b} T 1
BLD Rd, b Bit load from T to Register Rd(b) < T None 1
SEC Set Carry Ce1 ] 1
CLC Clear Cany C<«Q C 1
SEN Set Negative Flag Net N 1
CLN Clear Negative Flag N«0O N 1
SEZ Set Zero Flag Z<«1 r4 1
GLZ Clear Zero Flag Z«0 Z 1
SEI Global Interrupt Enable 1 { 1
CLI Global Interrupt Disable i<0 i 1
SES Set Signed Test Flag S<1 S 1
CLS Clear Signed Test Flag S« 0 S 1
12 ATmega1 2 5 S ——
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Instruction Set Summary (Continued)
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Mnemonics Operands Description Operation Flags #Clocks
SEV Set Twos Complement Overfiow. V-1 \ 1
CLV Clear Twos Comp Overitow V0 \ 1
SETY Set T in SREG Te1 T 1
CLT Ciear T in SREG T<0 T 1
SEH Set Half Canty Flag in SREG He1 H 1
&ﬂ Clear Half Carry Flag in SREG H<« 0 H 1
MCU CONTROL INSTRUCTIONS
NOP No Operation None 1
SLEEP Sleep (see specific descr. for Sleep function) None 1
WDR Watchdog Reset {see specific descr. for WDR/Aimer} None 1
BREAK Break For On-chig Debug Only None N/A
AE .
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SpeedFIIHz) Power Supply Ordering Code Package'" Operation Range
ATmegal28L-8AC 64A Commercial -
ATmega128L-8MC B4M1 (0°C to 70°C)
8 57 .55V ATmegal128L-8Al , 64A
ATmega128L-8AU@ 64A Industrial
ATmega128L-8MI 64M1 {-40°C to 85°C)
ATmega128L-8MU® 64M1
ATmega128-16AC 64A Commercial
ATmegai28-16MC 64M1 (0°C to 70°C)
16 45-55Y ATmega128-16Al 64A
ATmega128-16AU® 64A Industrial
ATmegai28-16MI 64M1 (-40°C to 85°C)
ATmegal28-16MU@ 64M1

Notes: 1. The device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information

and minimum quantities.

2. Pb-free packaging alternative, complies to the European Directive for Restriction of Hazardous Substances (RoHS direc-

tive). Also Halide free and fully Green.

Package Type
64A 64-lead, 14 x 14 x 1.0 mm, Thin Profile Plastic Quad Flat Package (TQFP)
64M1 64-pad, 9x 9 x 1.0 mm, Micro Lead Frame Package (MLF)
14 ATmega1 28 I
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Packaging Information

64A
[QRNNACANARR _MAGoGANANLd -
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PIN 1 = 2 ) < =
= \ \ = B
= PIN 1 IDENTIFIER =i
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— ( —
! (UUUTOmIUee TUomu J
| D1
i
| D
G 5 07 ) T i
T&-.L.J. AT T, T
\‘s i A= A2 LA
ol L
COMMON DIMENSIONS
{Unit of Measure = mm)
SYMBOL| MIN NOM MAX NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 15.75 16.00 16.25
D1 13.90 14.00 14.10 | Note 2
E 15.75 16.00 16.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation AEB.
2. Dimensions D1 and E1 do not include mold protrusion. Allowablte E1 1390 | 14.00 | 14.10 | Note?2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including motd mismatch. c 0.09 020
3. Lead coplanarity is 0.10 mm maximum. - ~ .
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
25 0 TITLE DRAWING NO. |REV.
AllIIEI. é:;ns Joéghacrg‘ F;asrmay 64A, 64-lead, 14 x 14 mm Body Size, 1.0 mm Body Thickness, G4A B
° ’ 0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP)
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£ - ~a Pin #1 Corner SIDE VIEW
’ \
i ¥
:JUUUUUUUUUJU y
! | pin #1
— 1Y 2 viangle
— e ™
- AR 3 COMMON DIMENSIONS
_— R (Unit of Measure = mm)
—] Lo
— = SYMBOL| MIN | NOM | MAX | NOTE
- o= Option B, 4 A 080 | 090 | 1.00
] - Chamfer
: = p— (C 0.30) Al - 0.02 0.05
— N e \ b 0.23 0.25 0.28
TCnannnaannn o T T
il ) D2 | 520 | 540 ]
OptionC iy, 4 I 1 5.60
Notch E 9.00 BSC
{0.20 R}
E2 5.20 I 5.40 l 5.60
BOTTOM VIEW 0.50 BSC
L 0.35 0.40 0.45
Note: JEDEC Standard MO-220, (SAW Singulation) Fig. 1, VMMD. K 020 - -
8/19/04
2325 Orchard Parkw TITLE DRAWING NO. |REV.
‘ﬁﬂ Son Jose. OA o431 | 64M1, 64-pad, 9x 9 x 1.0 mm Body, Lead Pitch 0.50 mm, 6aM1 D
© ’ 5.40 mm Exposed Pad, Micro Lead Frame Package (MLF)
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Errata The revision letter in this section refers to the revision of the ATmega128 device.

ATmegal28 Rev. | * Stabilizing time needed when changing XDIV Register
¢ Stabilizing time needed when changing OSCCAL Register

1. Stabilizing time needed when changing XDIV Register

After increasing the source clock frequency more than 2% with settings in the XDIV
register, the device may execute some of the subsequent instructions incorrectiy.

Problem Fix / Workaround

The NOP instruction will always be executed correctly also right after a frequency
change. Thus, the next 8 instructions after the change shouid be NOP instructions.
To ensure this, foilow this procedure:

1.Clear the | bit in the SREG Register.

2.Set the new pre-scaling factor in XDIV register.

3.Execute 8 NOP instructions

4.Set the 1 bit in SREG

This will ensure that all subsequent instructions will execute correctly.
Assembly Code Example:

CLI ; clear global interrupt enable
oUT XDIV, temp ; set new prescale value

NOP ; no operation

NOP ; no operation

NOP ; no operation

NoP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

SEI ; clear global interrupt enable

2. Stabilizing time needed when changing OSCCAL Register

After increasing the source clock frequency more than 2% with settings in the OSC-
CAL register, the device may execute some of the subsequent instructions
incorrectly.

Problem Fix / Workaround
The behavior foliows errata number 1., and the same Fix / Workaround is applicable
on this errata.

A proposal for solving problems regarding the JTAG instruction IDCODE is presented
below.

IDCODE masks data from TDI input

The public but optional JTAG instruction IDCODE is not implemented correctly
according to IEEE1149.1; a logic one is scanned into the shift register instead of the
TD1 input while shifting the Device ID Register. Hence, captured data from the pre-
ceding devices in the boundary scan chain are lost and replaced by ali-ones, and
data to succeeding devices are replaced by all-ones during Update-DR.

Iif ATmega128 is the only device in the scan chain, the problem is not visible.

ATMEL o
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2. Stabilizing time needed when changing OSCCAL Register

After increasing the source clock frequency more than 2% with settings in the OSC-
CAL register, the device may execute some of the subsequent instructions
incorrectly.

Problem Fix / Workaround

The behavior follows errata number 1., and the same Fix / Workaround is applicable
on this errata.

A proposal for solving problems regarding the JTAG instruction IDCODE is presented
below.

IDCODE masks data from TDI input

The public but optional JTAG instruction IDCODE is not implemented correctly
according to IEEE1149.1; a logic one is scanned into the shift register instead of the
TDt input while shifting the Device ID Register. Hence, captured data from the pre-
ceding devices in the boundary scan chain are lost and replaced by all-ones, and
data to succeeding devices are replaced by all-ones during Update-DR.

If ATmega128 is the only device in the scan chain, the problem is not visible.
Problem Fix / Workaround

Select the Device ID Register of the ATmega128 (Either by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller) to read
out the contents of its Device ID Register and possibly data from succeeding
devices of the scan chain. Note that data to succeeding devices cannot be entered
during this scan, but data to preceding devices can. Issue the BYPASS instruction
to the ATmega128 to select its Bypass Register while reading the Device ID Regis-
ters of preceding devices of the boundary scan chain. Never read data from
succeeding devices in the boundary scan chain or upload data to the succeeding
devices while the Device ID Register is selected for the ATmega128. Note that the
IDCODE instruction is the default instruction selected by the Test-Logic-Reset state
of the TAP-controlier.

Alternative Problem Fix / Workaround

If the Device IDs of all devices in the boundary scan chain must be captured simui-
taneously (for instance if blind interrogation is used), the boundary scan chain can
be connected in such way that the ATmega128 is the fist device in the chain.
Update-DR will still not work for the succeeding devices in the boundary scan chain
as long as IDCODE is present in the JTAG Instruction Register, but the Device 1D
registered cannot be uploaded in any case.

ATmegal28 Rev. G * Stabilizing time needed when changing XDIV Register
¢ Stabilizing time needed when changing OSCCAL. Register

1. Stabilizing time needed when changing XDIV Register

After increasing the source clock frequency more than 2% with settings in the XDIV
register, the device may execute some of the subsequent instructions incorrectly.

Problem Fix / Workaround

The NOP instruction will always be executed correctly also right after a frequency
change. Thus, the next 8 instructions after the change should be NOP instructions.
To ensure this, follow this procedure:

1.Clear the | bit in the SREG Register.
2.Set the new pre-scaling factor in XDIV register.

ATMEL 1
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Problem Fix / Workaround

Select the Device ID Register of the ATmega128 (Either by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller) to read
out the contents of its Device ID Register and possibly data from succeeding
devices of the scan chain. Note that data to succeeding devices cannot be entered
during this scan, but data to preceding devices can. Issue the BYPASS instruction
to the ATmega128 to select its Bypass Register while reading the Device ID Regis-
ters of preceding devices of the boundary scan chain. Never read data from
succeeding devices in the boundary scan chain or upload data to the succeeding
devices while the Device ID Register is selected for the ATmega128. Note that the
IDCODE instruction is the default instruction selected by the Test-Logic-Reset state
of the TAP-controller.

Alternative Problem Fix / Workaround

If the Device IDs of all devices in the boundary scan chain must be captured simul-
taneously (for instance if blind interrogation is used), the boundary scan chain can
be connected in such way that the ATmega128 is the fist device in the chain.
Update-DR will stili not work for the succeeding devices in the boundary scan chain
as long as IDCODE is present in the JTAG Instruction Register, but the Device ID
registered cannot be uploaded in any case.

* Stabilizing time needed when changing XDIV Register
¢ Stabilizing time needed when changing OSCCAL Register

1.

Stabilizing time needed when changing XDIV Register

After increasing the source clock frequency more than 2% with settings in the XDiV
register, the device may execute some of the subsequent instructions incorrectly.

Problem Fix / Workaround

The NOP instruction will always be executed correctly also right after a frequency
change. Thus, the next 8 instructions after the change should be NOP instructions.
To ensure this, follow this procedure:

1.Clear the | bit in the SREG Register.

2.Set the new pre-scaling factor in XDIV register.

3.Execute 8 NOP instructions

4.Set the | bit in SREG

This will ensure that all subsequent instructions will execute correctly.
Assembly Code Example:

CLI ; clear global interrupt enable
OUT XDIV, temp ; set new prescale value

NOP ; no operation

NoOP ; no operation

NOP ; no operation

NOP ; No operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

SEI ; clear global interrupt enable

ATmega128 me———————————————
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3.Execute 8 NOP instructions

4.Set the 1 bit in SREG

This will ensure that all subsequent instructions will execute correctly.
Assembly Code Example:

CLI ; clear global interrupt enable
OoUT XDIV, temp ; set new prescale value

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

SET ; clear global interrupt enable

2. Stabilizing time needed when changing OSCCAL Register

After increasing the source clock frequency more than 2% with settings in the OSC-
CAL register, the device may execute some of the subsequent instructions
incorrectly.

Problem Fix / Workaround

The behavior follows errata number 1., and the same Fix / Workaround is applicable
on this errata.

A proposal for solving problems regarding the JTAG instruction IDCODE is presented
below.

IDCODE masks data from TDi input

The public but optional JTAG instruction IDCODE is not implemented correctly
according to IEEE1149.1; a logic one is scanned into the shift register instead of the
TDI1 input while shifting the Device ID Register. Hence, captured data from the pre-
ceding devices in the boundary scan chain are lost and replaced by all-ones, and
data to succeeding devices are replaced by all-ones during Update-DR.

it ATmega128 is the only device in the scan chain, the problem is not visible.
Problem Fix / Workaround

Select the Device ID Register of the ATmega128 (Either by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller) to read
out the contents of its Device ID Register and possibly data from succeeding
devices of the scan chain. Note that data to succeeding devices cannot be entered
during this scan, but data to preceding devices can. Issue the BYPASS instruction
to the ATmega128 fo select its Bypass Register while reading the Device 1D Regis-
ters of preceding devices of the boundary scan chain. Never read data from
succeeding devices in the boundary scan chain or upload data to the succeeding
devices while the Device ID Register is selected for the ATmega128. Note that the
IDCODE instruction is the default instruction selected by the Test-Logic-Reset state
of the TAP-controller.

Alternative Problem Fix / Workaround

If the Device 1Ds of all devices in the boundary scan chain must be captured simul-
taneously (for instance if blind interrogation is used), the boundary scan chain can
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be connected in such way that the ATmega128 is the fist device in the chain.

- Update-DR will stiil not work for the succeeding devices in the boundary scan chain
as long as IDCODE is present in the JTAG instruction Register, but the Device ID
registered cannot be uploaded in any case.

ATmegai28 Rev. F e Stabilizing time needed when changing XDIV Register
¢ Stabilizing time needed when changing OSCCAL Register

1. Stabilizing time needed when changing XDIV Register

After increasing the source clock frequency more than 2% with settings in the XDiV
register, the device may execute some of the subsequent instructions incorrectly.

Problem Fix / Workaround

The NOP instruction will always be executed correctly also right after a frequency
change. Thus, the next 8 instructions after the change should be NOP instructions.
To ensure this, follow this procedure:

1.Clear the | bit in the SREG Register.

2.Set the new pre-scaling factor in XDIV register.

3.Execute 8 NOP instructions

4.Set the | bit in SREG

This will ensure that all subsequent instructions will execute correctly.
Assembly Code Exampie:

CLI ; clear global interrupt enable
OoUT XDIV, temp ; set new prescale value

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

NOP ; no operation

SEI ; clear global interrupt enable

2. Stabilizing time needed when changing OSCCAL Register

After increasing the source clock frequency more than 2% with settings in the OSC-
CAL register, the device may execute some of the subsequent instructions
incorrectly.

Problem Fix / Workaround

The behavior follows errata number 1., and the same Fix / Workaround is applicable
on this errata.

A proposal for solving problems regarding the JTAG instruction IDCODE is presented
below.

IDCODE masks data from TDI input

The public but optional JTAG instruction IDCODE is not implemented correctly
according to IEEE1148.1; a logic one is scanned into the shift register instead of the
TDI input while shifting the Device ID Register. Hence, captured data from the pre-

ATMEL 2
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ceding devices in the boundary scan chain are lost and replaced by all-ones, and
data to succeeding devices are replaced by all-ones during Update-DR.

if ATmega128 is the only device in the scan chain, the problem is not visible.
Problem Fix / Workaround

Select the Device ID Register of the ATmega128 (Either by issuing the IDCODE
instruction or by entering the Test-Logic-Reset state of the TAP controller) to read
out the contents of its Device ID Register and possibly data from succeeding
devices of the scan chain. Note that data to succeeding devices cannot be entered
during this scan, but data to preceding devices can. Issue the BYPASS instruction
to the ATmega128 to select its Bypass Register while reading the Device ID Regis-
ters of preceding devices of the boundary scan chain. Never read data from
succeeding devices in the boundary scan chain or upload data to the succeeding
devices while the Device ID Register is selected for the ATmega128. Note that the
IDCODE instruction is the default instruction selected by the Test-Logic-Reset state
of the TAP-controller.

Alternative Problem Fix/ Workaround

If the Device IDs of ali devices in the boundary scan chain must be captured simul-
taneously (for instance if blind interrogation is used), the boundary scan chain can
be connected in such way that the ATmega128 is the fist device in the chain.
Update-DR will still not work for the succeeding devices in the boundary scan chain
as long as IDCODE is present in the JTAG Instruction Register, but the Device ID
registered cannot be upioaded in any case.

ATmega128 mese——— e —
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Datasheet Revision

History

Changes from Rewv.
2467L-05/04 to Rev.
2467M-11/04

Changes from Rev.
2467K-03/04 to Rev.
2467L-05/04

Changes from Rev.
2467J-12/03 to Rev.
2467K-03/04

Changes from Rev.
24671-09/03 to Rev.
2467J-12/03

Changes from Rev.
2467H-02/03 to Rev.
24671-09/03

2487MS-AVR-11/04

Please note that the referring page numbers in this section are referred to this docu-
ment. The referring revision in this section are referring to the document revision.

1. Removed “analog ground”, replaced by “ground”.

2. Updated Table 11 on page 38, Table 114 on page 287, Table 128 on page 306,
and Table 132 on page 323. Updated Figure 114 on page 239.

3. Added note to “Port C (PC7..PC0)” on page 6.

4. Updated “Ordering information” on page 14.

1. Removed “Preliminary” and “TBD” from the datasheet, replaced occurrences
of ICx with ICPx.

2. Updated Table 8 on page 36, Table 19 on page 48, Table 22 on page 54, Table
96 on page 243, Table 126 on page 302, Table 128 on page 306, Table 132 on
page 323, and Table 134 on page 325.

3. Updated “External Memory Interface” on page 24.

4. Updated “Device Identification Register” on page 255.

5. Updated “Electrical Characteristics” on page 321.

6. Updated “ADC Characteristics” on page 327.

7. Updated “ATmega128 Typical Characteristics” on page 335.

8. Updated “Ordering Information™ on page 14.

1. Updated “Errata” on page 17.
1. Updated “Calibrated internal RC Oscillator” on page 39.

1. Updated note in “XTAL Divide Control Register — XDIV” on page 41.
2. Updated “JTAG Interface and On-chip Debug System” on page 46.
3. Updated values for Vgor (BODLEVEL = 1) in Table 19 on page 48.

4. Updated “Test Access Port - TAP” on page 248 regarding JTAGEN.
5. Updated description for the JTD bit on page 257.

6. Added a note regarding JTAGEN fuse to Table 118 on page 290.
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Changes from Rev.
2467G-09/02 to Rev.
2467H-02/03

Changes from Rev.
2467F-09/02 to Rev.
2467G-09/02

Changes from Rev.
2467E-04/02 to Rev.
2467F-09/02

10.

11.

12.
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Updated Ry values in “DC Characteristics” on page 321.

Added a proposal for solving problems regarding the JTAG instruction
IDCODE in “Errata” on page 17.

Corrected the names of the two Prescaler bits in the SFIOR Register.

Added Chip Erase as a first step under “Programming the Flash” on page 318
and “Programming the EEPROM” on page 319.

Removed reference to the “Multipurpose Oscillator” application note and the
“32 kHz Crystal Oscillator” application note, which do not exist.

Corrected OCn waveforms in Figure 52 on page 123.

Various minor Timer1 corrections.

Added information about PWM symmetry for Timer0 and Timer2.
Various minor TWI corrections.

Added reference to Tabie 124 on page 293 from both SPI Serial Programming
and Self Programming to inform about the Flash Page size.

Added note under “Filling the Temporary Buffer (Page Loading)” on page 282
about writing to the EEPROM during an SPM Page load.

Removed ADHSM completely.
Added section “EEPROM Write During Power-down Sleep Mode” on page 23.

Updated drawings in “Packaging Information” on page 15.

Changed the Endurance on the Flash to 10,000 Write/Erase Cycles.

Added 64-pad MLF Package and updated “Ordering Information” on page 14.

Added the section “Using all Locations of External Memory Smaller than 64
KB” on page 31.

Added the section “Default Clock Source” on page 35.

Renamed SPMCR to SPMCSR in entire document.

When using external clock there are some limitations regards to change of
frequency. This is descried in “External Clock” on page 40 and Table 131,

“External Clock Drive,” on page 323.

Added a sub section regarding OCD-system and power consumption in the
section “Minimizing Power Consumption” on page 45.
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7. Corrected typo (WGM-bit setting) for:
“Fast PWM Mode” on page 96 (Timer/Counter0).
“Phase Correct PWM Mode” on page 98 (Timer/Counter0).
“Fast PWM Mode” on page 150 (Timer/Counter2).
“Phase Correct PWM Mode” on page 152 (Timer/Counter2).

8. Corrected Table 81 on page 192 (USART).
9. Corrected Table 102 on page 261 (Boundary-Scan)

10. Updated Vil parameter in “DC Characteristics” on page 321.

Changes from Rev. 1. Updated the Characterization Data irt Section “ATmega128 Typical Character-
2467D-03/02 to Rev. istics” on page 335.
2467E-04/02

2. Updated the following tables:

Table 19 on page 48, Table 20 on page 52, Table 68 on page 157, Table 102 on
page 261, and Table 136 on page 328.

3. Updated Description of OSCCAL Calibration Byte.

In the data sheet, it was not explained how to take advantage of the calibration
bytes for 2, 4, and 8 MHz Oscillator selections. This is now added in the following
sections:

Improved description of “Oscillator Calibration Register - OSCCAL” on page 39 and
“Calibration Byte” on page 291.

Changes from Rev. 1. Added more information about “ATmega103 Compatibility Mode” on pége 5.
2467C-02/02 to Rev.
2467D-03/02 2. Updated Table 2, “EEPROM Programming Time,” on page 21.

3. Updated typical Start-up Time in Table 7 on page 35, Table 9 and Table 10 on
page 37, Table 12 on page 38, Table 14 on page 39, and Table 16 on page 40.

4. Updated Table 22 on page 54 with typical WDT Time-out.

5. Corrected description of ADSC bit in “ADC Control and Status Register A —
ADCSRA” on page 245.

6. Improved description on how to do a polarity check of the ADC differential
results in “ADC Conversion Result” on page 242,

7. Corrected JTAG version numbers in “JTAG Version Numbers” on page 256.

8. Improved description of addressing during SPM (usage of RAMPZ) on
“Addressing the Flash During Self-Programming” on page 280, “Performing
Page Erase by SPM” on page 282, and “Performing a Page Write” on page
282,

9. Added not regarding OCDEN Fuse below Table 118 on page 290.

10. Updated Programming Figures:

AIMEL 2
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Figure 135 on page 292 and Figure 144 on page 304 are updated to also reflect that
AVCC must be connected during Programming mode. Figure 139 on page 299
added to illustrate how to program the fuses.

11. Added a note regarding usage of the PROG_PAGELOAD and
PROG_PAGEREAD instructions on page 310.

12. Added Calibrated RC Oscillator characterization curves in section
“ATmegal28 Typical Characteristics” on page 335.

13. Updated “Two-wire Serial Interface” section.

More details regarding use of the TWI Power-down operation and using the TWi as
master with low TWBRR values are added into the data sheet. Added the note at
the end of the “Bit Rate Generator Unit” on page 204. Added the description at the
end of “Address Match Unit” on page 205.

14. Added a note regarding usage of Timer/Counter0 combined with the clock.
See “XTAL Divide Control Register — XDIV” on page 41.

Changes from Rev. 1. Corrected Description of Alternate Functions of Port G
2467B-09/01 to Rev. Corrected description of TOSC1 and TOSC2 in “Alternate Functions of Port G” on
2467C-02/02 page 82.

2. Added JTAG Version Numbers for rev. F and rev. G
Updated Table 100 on page 256.

3 Added Some Preliminary Test Limits and Characterization Data
Removed some of the TBD's in the following tables and pages:

Table 19 on page 48, Table 20 on page 52, “DC Characteristics” on page 321,
Table 131 on page 323, Table 134 on page 325, and Table 136 on page 328.

4. Corrected “Ordering Information” on page 14.

5. Added some Characterization Data in Section “ATmegal28 Typical Character-
istics” on page 335.

6. Removed Alternative Algortihm for Leaving JTAG Programming Mode.
See “Leaving Programming Mode” on page 318.

7. Added Description on How to Access the Extended Fuse Byte Through JTAG
Programming Mode.

See “Programming the Fuses” on page 320 and “Reading the Fuses and Lock Bits”
on page 320.
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