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Lampiran 3. Program Mikrokontroler
a. Prepocessor
#include <mega8.h>

#include <stdio.h>
#include <delay.h>

/I Alphanumeric LCD Module functions
#asm
.equ __lcd_port=0x18 ;PORTB
#endasm
#include <lcd.h>
#define ADC_VREF_TYPE 0x00
Digunakan untuk memasukan (include) text dari file Ilain,
mendefinisikan macro yang dapat mengurangi beban kerja
pemrograman dan meningkatkan legibility source code (mudah
dibaca).
e Inisialisasi PORT ADC
ADMUX=ADC_VREF_TYPE & 0xff;
ADCSRA=0x87;
e Inisialisasi modul LCD
b. Program looping
while (1)
temp=read_adc(0);
Im_35=((int)temp*0.0024999*200);
Icd_gotoxy(0,1);
sprintf(lcd,"Suhu:%o0.licelcius ",Im_35);
Icd_puts(lcd);
delay_ms(50);

if(Im_35<100)
{PORTD.0=0;



Icd_gotoxy(0,0);
Icd_putsf(*Pantau Suhu Gen™);
}

if(Im_35>100)

{PORTD.0=1;
Icd_gotoxy(0,0);

lcd_putsf(" OVER HEAT!! ™);
delay_ms(20);
Icd_gotoxy(0,0);

Icd_putsf(*" ");

}

h
c. Program utama tampilan LCD

lcd_init(16);

Icd_clear();

Icd_gotoxy(0,0);
Icd_putsf(* S");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(* Se");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(* Sen");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(* Sens");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(* Senso");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(* Sensor");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(* Sensor ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(* Sensor S");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(*  Sensor Su™);



delay_ms(50);
Icd_gotoxy(0,0);

lcd_putsf(*  Sensor Suh™);
delay_ms(50);
Icd_gotoxy(0,0);

lcd_putsf(*  Sensor Suhu™);
delay_ms(50);
Icd_gotoxy(0,0);

lcd_putsf(* Sensor Suhu ");
delay_ms(50);
Icd_gotoxy(0,0);

lcd_putsf(* Sensor Suhu G™);
delay_ms(50);
Icd_gotoxy(0,0);

lcd_putsf(* Sensor Suhu Ge");
delay_ms(50);
Icd_gotoxy(0,0);

Icd_putsf(** Sensor Suhu Gen");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*Sensor Suhu Gene™);
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(“ensor Suhu Gener");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(*nsor Suhu Genera");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*sor Suhu Generat");
delay_ms(50);
Icd_gotoxy(0,0);

Icd_putsf(*or Suhu Generato");
delay_ms(50);
Icd_gotoxy(0,0);

Icd_putsf(*'r Suhu Generator");
delay_ms(50);
Icd_gotoxy(0,0);

lcd_putsf(* Suhu Generator ");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*Suhu Generator ");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*uhu Generator *);
delay_ms(50);



lcd_gotoxy(0,0);
Icd_putsf(*hu Generator ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(“u Generator ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(" Generator  ");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf("Generator  *);
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*“enerator ");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*'nerator ");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(“erator ");
delay_ms(50);
Icd_gotoxy(0,0);
Icd_putsf(*rator ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(*“ator ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(*tor ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(*“or ");
delay_ms(50);
Icd_gotoxy(0,0);
lcd_putsf(*'r ");
delay_ms(50);

Icd_gotoxy(0,0);
lcd_putsf(* SUGENG T.W "),
delay_ms(50);

lcd_gotoxy(0,0);
Icd_putsf(" ")
delay_ms(50);

Icd_gotoxy(0,0);



lcd_putsf(" SUGENG TW ");
delay_ms(50);

Icd_gotoxy(0,0);
lcd_putsf(" ")
delay_ms(50);

Icd_gotoxy(0,0);
lcd_putsf(" SUGENG T.W ");
delay_ms(50);

Icd_gotoxy(0,0);
Icd_putsf(* ");
delay_ms(50);
Icd_clear();



Lampiran 4. Data Sheet Atmega8

Features
* High-performance, Low-power AVR™ 8-bit Microcontroller
* Adh d RISC Archi
— 130 Powerful Instructions — Most Single-clock Cycle Execution
= 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz
= On-chip 2-cycle Multiplier
* High Endurance Non-volatile Memory segments
— BK Bytes of In-Sy Self- ble Flash program memory

— 512 Bytes EEPROM : 8-bit AVRC

- 1K Byte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM H
— Data retention: 20 years at 85°C/100 years at 25°C!" w“h 8 K Bytes
- Optional Boot Code Section with Independent Lock Bits i

In-System Programming by On-chip Boot Program In SyStem

True Read-While-Write Operation
- ing Lock for S Security Programmable
* Peripheral Features
= Two 8-bit Timer/Counters with Separate Prescaler, one Compare Mode FIaSh
— One 16-bit Timer/Counter with S te P ler, C Mode, and Capture
Mode
- Real Time Counter with Separate Oscillator
= Three PWM Channels ATmegaB
- 8-channel ADC in TQFP and QFN/MLF package
Eight Channels 10-bit Accuracy ATmegaBL
- 6-channel ADC in PDIP package
Six Channels 10-bit Accuracy
= Byte-oriented Two-wire Serial Interface
- Programmable Serial USART
— Master/Slave SPI Serial Interface
= Programmable Watchdog Timer with Separate On-chip Oscillator
= On-chip Analog Comparator
* Special Microcontroller Features
= Power-on Reset and Progr ble Bro it Detecti
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Five Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, and
Standby
* /O and Packages
= 23 Programmable /O Lines
- 28-lead PDIP, 32-lead TQFP, and 32-pad QFN/MLF
* Operating Voltages
- 2.7 - 5.5V (ATmegabL)
- 4.5 - 5.5V (ATmega8)
* Speed Grades
- 0 -8 MHz (ATmegaBL)
= 0 -16 MHz (ATmegaB)
* Power Consumption at 4 Mhz, 3V, 25°C
- Active: 3.6 mA
- Idle Mode: 1.0 mA
— Power-down Mode: 0.5 pA

Rov.2486X-AVR-06/10
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A TMega8(L)

Overview

Block Diagram

The ATmega8 is a low-power CMOS 8-bit microcontroller based on the AVR RISC architecture.
By executing powerful instructions in a single clock cycle, the ATmega8 achieves throughputs
approaching 1 MIPS per MHz, allowing the system designer to optimize power consumption ver-
sus processing speed.

Figure 1. Block Diagram
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s A\ T mega8(L)

Disclaimer

P4BEZE-MVR-IBA1

The AVHA core combines a rich instruction sat with 32 general purpose working registers. All the
32 reqmstars are direclly connecied to the Amthmetic Logic Unit (ALLY), allowing two independent
registers to be accesssd in one single instruction executed in one clock cycls. The resulting
architecturs is more code efficient while achieving throughputs up to ten times faster than con-
wentional CISC microcontrollers.

The ATmeagal provides the following features: B Kbytes of In-System Programmable Flash with
Read-While-Wnte capabilities, 512 bytes of EEPROM, 1 Kbyte of SRAM, 23 general pumposs
L0 Enes, 32 genaral purpose working registers, three flexible Timer/Counters with compars
mizdes, internal and extemnal interrupts, a serial programmable USART, a byte oriented Two-
wire Senal Interface, a 6-channel ADC (eight channels in TOFP and QFMN/MLF packages) with
10-bit accuracy, a programmabls Watchdog Timer with Internal Oscillator, an 5P1 serial port,
and five software selectable power saving modes. The Idis mode stops the CPU while allowing
the SRAM, TimerCountsrs, SPI port, and intermuept systam to confinue functioning. The Power-
down mode saves the regester contents but freeres the Oscillator, disebling &ll other chip func-
tions until the naxt Intermept or Hardware Asset. In Power-seve mode, the asynchronous timer
confinues to run, allewing the user to maintain & timer base while the rest of the devics is sleep-
ing. The ADC Noise Reduction mods stops the CPU and all VO modulss except asynchronous
timer and ADC, to minimize switching noise during ADC conversions. In Standby mede, the
crystalresonator Osclllator is running while the rest of the device is sleeping. This allows very
fast start-up combined with low-power consumiplion.

Thie device is manufactured using Atmel's high density non-volatile memory technology. The
Fash Program memaory can be reprogremmed In-System through en SPI seral interfacs, by a
comventional non-voleti#s memory programmer, or by an On-chip boot program running on the
AWR core. The boot program can wse any interface o download the application program in the
Application Flash memory. Softwara in the Boot Flash Section will continue to run whils the
Application Flash Section s updated, providing true Read-While-Write operation. By combining
an B-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip, the Atmel
ATmegaB is a powerful microcontroller that provides a highly-flexible and cost-effective solution
to many embedded control applications.

The ATmegaB AVR is supported with a full suite of program and system development toals,

including C compilsrs, macro assemblers, program debuegger'simulators, In-Circuit Emulators,
and evaluation kts.

Typical values contained in this datashest are based on simulations and characterzation of
ather AVA microcontrollers mamufactured on the same process technobogy. Minimum and Maxi-
e values will be available after the device is characterized

AIMEL 1




A TMega8(L)

Pin Descriptions
vce

GND

Port B (PB7..PB0)

XTALV/XTAL2TOSC1/
TOSC2

Port C (PC5..PCO0)

PC6/RESET

Port D (PD7..PD0)

z
m
[}
m

Digital supply voltage.
Ground,

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 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.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the intarnal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier,

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSRH is set.

The various special features of Port B are elaborated in “Alternate Functions of Port B" on page
58 and "System Clock and Clock Options” on page 25.

Port C is an 7-bit bi-directional IO port with internal pull-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 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.

If the RSTDISBL Fuse is programmed, PCB is used as an /O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PCE is used as a Reset input. A low level on this pin
for longer than the minimum pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 15 on page 38. Shorter pulses are not guaranteed to
generate a Reset.

The various special features of Port C are elaborated on page 61.

Port D is an 8-bit bi-directional 110 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 pulled 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 ATmega8 as listed on page
63.

Reset input. A low level on this pin for longer than the minimum pulse length will generate a
reset, even if the clock is not running. The minimum pulse length is given in Table 15 on page
38. Shorter pulses are not guaranteed to generate a reset.

| m 5
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AIMEL

AV AV is the supply voltage pin for the A/D Converter, Port C (3..0), and ADC (7..6). 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 Ve through a low-pass filter. Note that Port C (5..4) use digital supply voltage, Vee.

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

ADC?..6 (TQFP and In the TQFP and QFN/MLF package, ADC7..6 serve as analog inputs to the A/D converter.
QFN/MLF Package These pins are powered from the analog supply and serve as 10-bit ADC channels.

Only)
6 ATmegas( L) .

24BEH-AVA-DR10




e A Tmega8(L)

Resources A comprehensive set of development tools, appication notes and datashests are available for
downdoad on htpetwww._atmel comdavr.

Data Retention  Rsliability Quakfication results show that the projected data retention fallure rats is much lass
than 1 PPM over 20 years at 85°C or 100 years at 25°C.

AlMEL 7
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e A Tmega8(L)

Register Summary
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Register Summary (Continued)

A rens Ma—w BT | Emg | B g | Bad | Bai | Baz | B | Ban Pige
SxiH Rty TSR mwmr | Tema | Twas | Tams | Tama | _ | mwesa | Tweso 105
o0 {22y TwER Tac-ei Gain iariucs 8 Fats Raginr 165

Aedar 1o the USART descripion ("USART on pege 123) for oatEls on how 10 access UBRRH and UCSAC ("ACCessing

Motes: 1.
UBAAHUCSAC Registers” on page 148)
2. For ccmpa]lblny'm futura gewices, resenved bis should be wiitien fo zar I acceesad. Reserved LD memory Eddresses

ENoUI NEVET De writien
3. Some of the Stalus Flags are chaared by writing & logical one to them. Mote that the T8I and 58I Instrucions will cperale on

il bits In tha WO FIE'_EIEI‘E‘T. W’"tl'lg 8 one back Inbg any ||B.g read es sad, thus de-amg the ||B.g. The CBI and SBI Instruchons
work with registers 0x00 to 0l E only
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e A Tmega8(L)

Instruction Set Summary

Wreme=ics Chper and Demc rplion Operetan Flags BClocks
ARITHMETIC ARG LOGH INSTRUC TIONS
[ Rd, Br A2z W Ragiuwy R+ Rd s R ZONWH
el R Az win Tay Pee Sagaen R o= Rd s Rradl IO RV H
RAK A2z mTecis i Wore ResAs — RehRdl + K ZONVE 2
mul By bt fan Aagiman R+ Rd-Br ZoRVH
Rd K Subimct Conaant #orm Ragisier Rd - Rd-K ZONWH
mul By Sebimed wiis Cary e Ragamr B+ Rd-Br-C ZoRVH
Rd K Subimet wits Carry Constard o Rag R+ Rd-K-C ZONNH
Bk Subtmel Irmadars oo ders RdsRdl — RabeRal - K ZoMWE 3
Rd, Br Lagesl 44D Ragheen Rd - Rd= Ar IR 1
Rul Logeal &40 Aagimar nnd Cormmn Rd+Rd=K TR
Rd, Br Lagesl O Ragaism R+ Rdwhr IR
Rul Logeal O Raguinr ard Sonsmsi Rd+ Rdwk TR
Rd, Br Cozisive OR Ragiss Rd~ RdO R IR
= Cra's Corplarand Rd + DaFF— As ToNW
= Twa 1 Corplemant Rd - D0 - Rl O MWH
Rl Zai Ditia) in Raguar R+ RdvE TR
Rk Claw: Dibin) in Raguier B+ Ad s DuFF- K IR
= remman R+ Rd s TR
Bl Dicryrmnt B o Bd- IR
= Tuat br T or b R+ RdsRs TR
= Clan: Fagiwmr Fid - Ad @ Rd IR
= Cat Flagiasar Rd + DaFF hzra
Rd Br Ml Urairas RiAD+~ B Zc 2
R, Br Wipl Signes RiAD e~ Rax A Z.C E
Rd Br Mol Sigras with Unsigrad BiAD~ Zc 2
R, Br Feacional Mauliply Lnuignas R1-AD « (Rax Br) == 1 Z.C 2
Rd Br Frnchorml Mubiphy S igraed RiAD+ Res Br) <= | Zc 2
-' Ll i B EE Ea BLERcBarmncc P =
H INSTRUCTIONS
E Ralwwve Lunz PoePCrk st Nora 2
Ingirect Jurnp o ) ] hora 2
E Raiweve Sutrrusss Cal PC—PCaksd Nora 3
PL—T [ ]
P — STACK Nora ]
PL — STACK ] ]
R R Cormpars, Skip i Ex #{Rd = RA PO+~ PCETord Nora 172
Rel Rir Cermpar Rd-Rr
R R Cormpars e Carry R4-Rr-C
Rel i Cerrpar Tagime e rodies Bi-K
Br b Siop f Dl Ragieter Cwarsd ¥ {Briimcs PC +~ PO s 3 or 3
Br.b Skip H Bl Rngiuier m Gae #{Pnbjar} BT 4= BT &
Bb 1t [PikjmDy PC + PO
e
& Drance I Sttus Flag S
w i Frarce ¥ Sim Mg Claarss
& Drance I Equal T 1) BN PC - PO sk s
& Frarcs Fhiet Byon 17 m 0f Hran B = PO sk s
& Branch ¥ Carry S
& frarce FCarry Claares
& Dranch I Sarw or Higher
& Brares P Losar hzra 2
k Brarch ¥ Mires Hora iz
& fraren P hzra 2
k Branch ¥ st or Cxuml Sigras T/M & e D B P = PO s & Hora iz
LT & Brarch ¥ Laas Toan Tars, Sigrad ¥ M 1) e PO PO ek hzra 2
BANS k Branch ¥ Fialf Carry Plag Sat Hora iz
BRKC & Tirarcn ¥ Fa¥ Carry Mg Claars hzra [
mATS & Branch F'T Flag S T[T 1} hanPL + PO ok =1 hora [F]
BATC & Brarch FT Mg Clearss 1T m 0 Bran B = PO s s hzra [
BAVS & Tirarch ¥ Crearfiow Flag bn Sat T{W'= (s PC = PC s ke 1 hora [F]
[ & Birarch F Cvarlow Mag ia Claamd ¥ il m o P BT ke 1 hzra 2
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s A Tmega8(L)

Instruction Set Summary (Continued)
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[ DATA TRANSFER RETRUCTIONS -
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n > (e Rd 00 Kera
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n : Leind Inplimet wred Pt Kera
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=] Wors
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) Wore
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Instruction Set Summary (Continued)
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Ordering Information

Speed (MHz) Powesr Supply (V) Ordering Codal Package!'/ Operation Range

ATmegeBL-BAL A
ATmegaaL-gauR™ 1

] 2T-66 ATMEeQaBL-BPL 2aP3
ATmegaaL-EMLU AEMI-A
ATmegaaL-EMUR OM1-A Irdustia
ATmegaB-16AL TOH {-40=C 10 BS=C)
ATmegas-1eAUR™ =<1

18 4E5-55 ATmegas-16PLU 2aP3
ATmegas-16MU AEMI-A
ATmegas-1EMUR OM1-A

Motas: 1. This device can alsa ba SLIFFI|-F.‘C n weahar arm. Pliaass contact your lozal Arnal sakes office for detalled DI"ﬂE‘"ll'lg Indarmation
and minimum guarniities
2. Poraa pa-:*aglr\-g c:c:mpllae o e EJF'.:FIEEIF Diresciive for Aestricion of Hazardous Subsiances [AoHS d|'E“mh'€]. Alsp
Hallda frae and tully Grean
a2, Tepe & Aeel
Package Type
294 32-jsad, Thin {1.0mm} Plastic Quad Flat Package (TOFP)
2093 28-aad, 0.300" Wige, Plastic Dual Ining Peckage (POIF)
20M1-A 32-pad, & & = 1.0 body, Lead Pitch 0.50mm Quad Fiat No-LeasMicro Lead Frame Packags (QFMMLE)

EAEETE-AV
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Packaging Information

32A

FIN 1 IDENTIFIER

-1
1. This packags: confoms io JEDEC rfarence ME-I26, Varlation ARA,
2. Memanskons D and E1 do nol iIncluds moid protrusion. Aliowabla
probrusion ks 025 mm par sida. Dimaensions 01 and E1 are masimam
plastic body size dimanskons incheding mold mismaloh,
3. Load coplanarity Is 0. 110 mm maxdmu

COMBIOH DIMENSIONS
Ul of Maasura = mim)
EXMEOL| MIN MM MAY | HOTE
A - - 120
Al 005 - 015
Az 085 1.00 1.05
o a5 2,00 025
o 650 7.00 TA0 | Mola 2
E 875 200 025
= 690 7.00 TAD | Mole2
B 030 - 045
C 000 - 020
L 045 - 075
o OED TYF
2010-10-20

2326 Quchand Parkway
Zan Jose, Ca 95131

ATMEL

PABRTE-BVR-I2A ]

TITLE
324, 324ead, T x 7 mm Body Size, 1.0 mm Body Thigmess,
0.8 mm Laad PRch, Thin Profiie Plastic Qued Fist Packags [TOFP)

DRAWING NO. |REV.

A

c
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EEATING FLAN 7 !
L
E
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[Unk of Meamero = mimj
ME_| Mom | wax | NOTE
- - |asT
o508 - _
FETET - 4708 | Nols 1
E 7820 - B.ESS
E1_ | Ta1 - 7493 |mote 1
B 038 - 0533
Mol 1. Dimensions O and E1 do nof inchade mold Fiash or Protrusion Bl |18 - LT
Moid Flash or Protrusion shall et asoesd 025 mem {00907 B2 OTES - 1143
L 3475 - 3w
c o208 - 038
L] - - 10,160
a | 2.540 TYP
[ by
2295 Orchard Pariway TITLE DRAWING MO. |REW
o il I - 5 "
San Jose, GA 95731 | e Backage (o) o e e U 28r3 B
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Errata The ravision letter in this section refers fo the revizion of the ATmagaB devica.

ATmegaB *
Rev.Diol M

1.

PAEETE-AVR-D2NT

First Analog COMparator CoNVErsion may be gelayed
Interrupts may be lost when writing the timer registers In the asynchronous tmer

signature may be Erased In Serlal Programming Mode

CKOPT Does not Enable Internal Capacitors on XTALWTOSCN Pins when 22KHz Osclllator 1z
Used to Clock the Asymehrenous TimenCounters

Reading EEFROM by using ST or STS to set EERE bit triggers unexpected Interrupt raguest

First Analog Comparator conversion may be delayed

If the device is powered by a slow nsing V¢, the first Analog Comparator conversion will
takz longer than expected on some devices.

Problem Fix / Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
bafore the fist convarsion.

Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if & timer register that is synchronized to the asynchronous imer
clock is written when the asynchronous Timen Counter register[TCNTx) is Ow00.

Problem Fix  Workaround

Alweys check that the asynchronous Tmer'Counter regster neither have the vales 0x-F nor
000 befors writing 1o the asynchronous Timer Control Register[ TCCRx), esynchronous
Timer Counter Regster(TCNTE), or asynchronous Output Compars Register|OCAX).

Signature may be Erased in Serial Programming Mode

If the signature byt=s are read before a chiperass command ks completed, the signature may
be erased causing the device |0 and calibration bytes to disappear. This is critical, espe-
cielly, if the part is running on intemal RC oscllator.

Problem Fix / Workaround:

Ensure that the chiperase command has exceeded before applying the next command.

CHKOPT Does not Enable Internal Capacitors on XTALRTOSCn Pins when 32KHz
Oscillator is Used to Clock the Asynchronous Timer/Counter2

‘When the intermnal RC Oscllator is ussd as the main clock source, it is possible to run the
Timen'Counter? asynchronously by connecting 2 32KHz Oscillator between XTAL1/TOSCA
and XTAL2ZTOSC2. But when the internal RC Oscillator is selected as the main clock
source, the CHOPT Fuss doss not control the intermal capacitors on XTALA/TOSCA and
XTALZTOBC2. As long as there are no capacitors connected to XTAL1/TOSCY and
XTAL2TOSC?, safe operation of the Oscillator is not gearanteed.

Problem Fix / Workaround

Use external capacitors in the range of 20pF - 36pF on XTAL1/TOSCA and XTAL2TOSCE.
This will b= fixed in ATmegaB Rev. G whera the CKOPT Fuse will control imemal capacitors
also when intemal RC Cscillator is selected a5 main clock source. For ATmegaB Rsv. G,
CKOPT = 0 (programmed) will enable the internal capacitors on XTAL1 and XTALZ. Cus-
tomere who want compatibility between Rev. G and older revisions, must ensure that
CKOPT is unprogrammed (CKOPT = 1)

AIMEL 7
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5. Reading EEPROM by using 5T or STS to set EERE bit triggers unexpected interrupt
request.
Reading EEPROM by using the 5T or 5TS command fo set the EERE bit n the EECH reg-
ister friggers an mexpected EEPROM intemupt request.
Problem Fix / Workaround

Always use OUT or SBI to =t EERE in EECH.

AIMEL -
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Datasheet
Revision
History

Changes from Rewv.
2486Y- 1010 to
Rev. 24867- 0241

Changes from Rev.
2486X- 060 to
Rev. 2486Y- 10410

Changes from Rev.
2426W- 0210 to
Rev. 2486X- 0610

Changes from Rev.
2486V- 05/09 to
Rew. 2486W- 0210

Changes from Rev.
2426U- 08/08 to
Rev. 2486V- 05/09

Changes from Rev.
2486T- 05/08 to
Rev. 2486U- 02/08

Changes from Rev.
24865- 08/07 to
Rew. 2486T- 05/08

P4EETE MVR-02A

Pleaze note that the refeming page numbers in this section are referred to this document. The
refizming revision in this section are refering to the document revision.

1.

1.

1.

2

1.

1.

2

Updated the datasheet according to the Atmel new Brand Style Guide.

Updated “Ordering Information™ on page 13. Added Ording Information for
“Tape&Reel” devices

. Max Risa/Fall time in Table 102 on page 230 has been corrected from 1.8ns to 1600ns.

Mote iz added to “Performing Page Erase by SPM” on page 200,
Updated'corrected several short-cuts and added some new ones.

Updated last page according to new standard.

Updated "DC Characteristica™ on page 235 with new V5 maximum value (0.9V and
D.EV).

Updated “ADC Characteristica™ on page 241 with Vpr maximum value (2.9V).

Updated “Errata™ on page 289,
Updated the last page with Atmel's new adresses.

Updated “DC Characteristics” on page 235 with |- typical values.

Updated Table 88 on page 233.

Updated “Ordering Information™ on page 285.
- Commercial Ordering Code removed.
- Mo Ph-free packaging option removed.

ATMEL 1




NI ELERIN]

Changes from Rewv.
2486R- 0T/OT to
Rev. 24865- 08/07

Changes from Rev.
24860 10/06 to
Rev. 2486R- 07/07

Changes from Rev.
2486P- 02/06 to
Rev. 24860Q- 10/06

Changes from Rew.
24860-10/04 to
Rev. 2486P- 02/06

Changes from Rew.
24B6N-09/04 to
Rev. 24860-10/04

PAERTE-BVR-IAT

1.
2

Updated "Features” on page 1.
Added “Data Retention™ on page 7.

. Updated "Errata™ on page 289.

Updated "Slave Mode” on page 125

. Added text to Table 81 on page 211.

Fixed typo in “Peripheral Features™ on page 1.

. Updated Table 16 on page 42.

Updated Table 75 on page 199,

Removed redundancy and updated typo in Motes section of “DC Characteristics” on
page 235,

. Updated "Timer/Counter Oscillator” on page 32

Updated “Fast PWM Mode™ on page B8,

. Updated code example in “USART Initialization™ on page 134.

Updated Table 37 on page 96, Table 39 on page 97, Table 42 on page 115, Table 44 on
page 115, and Table 98 on page 233,

. Updated “Errata™ on page 289,

. Added "Resources”™ on page 7.

Updated “External Clock™ on page 32.

. Updated “Serial Peripheral Interface — SP1" on page 124.

Updated Code Example in “USART Initialization™ on page 134.
Updated Mote in “Bit Rate Generator Unit” on page 164.
Updated Table 88 on page 233.

Updatad Note in Table 103 on page 241,

. Updated "Errata™ on page 289,

Removed to instances of “analog ground”. Replaced by “ground™.

Updated Table 7 on page 29, Table 15 on page 38, and Table 100 on page Z37.

. Updated “Calibrated Internal RC Oscillator” on page 30 with the 1 MHz default value.

AIMEL 20
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4.

Changes from Rev. 1.
2426M-12/03 to
Rev. 2486N-08/04 2

Changes from Rev. 1.
2486L-10/03 to
Rew. 2486M-12/03

Changes from Rev. 1.
2486K-08/03 to
Rev. 2486L-10/03 2

10.

",

PAEEEE-AVR-I2A

Table 89 on page 218 and Table 90 on page 218 moved to new section “Page Size™ on
page 218.

Updated descripton for bit 4 in “Stors Program Memory Control Register - SPMCR”
on page 206.

Updated “Ordering Information™ on page 285,

Added note to MLF package in “Pin Configurations” on page 2.

Updated “Internal Voltage Reference Characteristica” on page 42,

Updated “DC Characteristics” on page 235.

ADCA and ADCS support 10-bit accuracy. Document updated to reflect this.
Updated features in “Analog-to-Digital Converter” on page 189.

Updated “"ADC Characteristica™ on page 241.

Removed reference to “External RC Oscillator application note™ from “External RC
Oacillator” on page 28.

Updated “Calibrated Internal RC Oscillator” on page 3.

Removed “Preliminary™ and TBDs from the datashest.
Renamed ICP to ICP in the datashest.
Removed instructions CALL and JMP from the datashest.

Updated t;c; in Table 15 on page 38, ¥ in Table 16 on page 42, Table 100 on page
237 and Table 102 on page 239,

Replaced text “XTAL1 and XTAL2 should be left unconnected (NC)" after Table 9 in
“Calibrated Internal RC Oscillator™ on page 30. Added text regarding XTAL{/XTAL2
and CKOPT Fuse in “Timer/Counter Oscillator” on page 32.

Updated Watchdog Timer code examples in “Timed Sequences for Changing the
Configuration of the Watchdog Timer™ on page 45.

Removed bit 4, ADHSM, from “Special Function |0 Register — SFIOR™ on page 58.
Added note 2 to Figure 103 on page 208.
Updated item 4 in the “Serial Programming Algorithm™ on page 231.

Added tyy Fyse to Table 97 on page 232 and updated Read Calibration Byte, Byte 3, in
Table 98 on page 233.

Updated Absolute Maximum Ratings® and DC Characteristics in “Electrical Character-
istica™ on page 235,

ATMEL A




e A T mega8(L)

Changes from Rewv.
2486J-02/03 to
Rev. 2486K-08/02

Changes from Rewv.
24861-12/02 to Rew.
2486J-02/03

PABRTE-BVR-D2U

1.
2

Updated Vgqp values in Table 15 on page 38.

Updated “ADC Characteristics™ on page 241.

Updated "ATmegal Typical Characteristics” on page 242,
Updated "Errata™ on page 289.

Improved the description of “Asynchronous Timer Clock - clkyzy™ on page 26.

2. Removed reference to the “Multipurpose Oscillater”™ application note and the “32 kHz

Crystal Oscillator” application note, which do not exist.
Corrected OCn waveforms in Figure 38 on page B9.
Various minor Timer 1 comactions.

Various minor TWI cormections.

Added note under “Filling the Temporary Buffer (Page Loading)™ on page 209 about
writing to the EEPROM during an SPM Page load.

Removed ADHSM completaly.
Added section "EEPROM Write during Power-down Sleep Mode™ on page 23,

Removed XTAL1 and XTAL2? description on page 5 because they were already
described as part of “Port B (PB7..PEQ) XTALV/XTALZTOSCA/TOSCZ"” on page 5.

10. Improved the table under “5P] Timing Characteristics” on page 239 and remowved the

table under “5P1 Serial Programming Characteristics” on page 234,

11. Corrected PCE in “Alternate Functions of Port C” on page 61.

12. Corrected PBS and PET in “Alternate Functions of Port B on page 58.

13. Corrected 230.4 Mbpa to 230.4 kbps under “Examples of Baud Rate Sefiting” on page

153.

14. Added information about PWM symmetry for Timer 2 in “Phase Correct PWM Mode”

on page 111.

15. Added thick lines around accessible registers in Figure 76 on page 163.

16. Changed “will be ignored” to “must be written to zero™ for unused Z-pointer bits

under "Parforming & Page Write” on page 204,

17. Added note for RESTOISEL Fuse in Table 87 on page 216]

18. Updated drewings in “Packaging Information”™ on page 286.

AIMEL 2
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Changes from Rev.
2486H-09/02 to
Rev. 24861-12/02

Changes from Rev.
2486G-09/02 to
Rev. 2486H-09/02

Changes from Rev.
2486F-07/02 to
Rev. 2486G-09/02

Changes from Rev.
2486E-06/02 to
Rev. 2486F-07/02

Changes from Rev.
2426D-03/02 to
Rev. 2486E-06/02

Changes from Rev.
2486C-03/02 to
Rev. 2486D-03/02

PABEEE-MVR-02'

Added errata for Rev D, E, and F on page 288,
Changed the Endurance on the Flash to 10,000 Write/Erase Cycles.
Updated Table 103, “ADC Characteristics,” on page 244.

Changes in “Digital Input Enable and Sleep Modes™ on page 55.
Addition of OC52 in “MOS1/0C2 - Port B, Bit 3" on page 50.

The following tables have been updated:

Table 54, “CPOL and CPHA Fenctionality,” on page 127, Table 58, *UCPOL Bit Settings,”
on page 152, Table 72, “Analog Comparator Multiplaxed Input*!” on page 188, Table 73,
“ADC Comversion Time,” on page 183, Tabla 75, ®Input Channel Selections,” on page 189,
and Table 84, “Explanation of Different Variables used in Figure 103 on page 208 and the
Mapping to the Z-pointer,” on page 24,

Changes in “Reading the Calibration Byte” on page 227.
Corrected Errors in Cross References.

Updated Some Preliminary Test Limits and Characterization Data

The following tables have been updated:

Table 15, “Reset Chamctenstics,” on pags 38, Table 18, “Intemal Voliage Refsrence Char-
actensfics.” on page 42, DC Characteristice on page 235, Table | “ADC Charactenstics.” on
page 241.

Changes in External Clock Frequency
Added the description at the end of “Extemnal Clock”™ on page 32.
Added period changing data in Table 29, *Extamal Clock Diive,” on pags 237.

Updated TWI Chapter
More details regarding use of the TWI bit rate prescaler and a Table 65, “TWI Bit Rate Pres-
caler,” on page 167.

Updated Typical Start-up Times.
The following tables has been updated:

Table 5, *Star-up Times for the Crystal Oscillator Clock Selection,” on pags 28, Table 6,
“Btart-up Times for the Low-frequency Crystal Osdllator Clock Sslection,” on pags 28,
Tablz B, “Start-up Times for the Extemal RC Osdllator Clock Selaction.” on page 29, and
Table 12, “Start-up Times for the Extemal Clock Selection.” on page 32.

Added “ATmegal Typical Characteristics” on page 242,

ATMEL s




Changes from Rewv.
2486B-12001 to
Rev. 2486C-02/02

1.

Updated TWI Chapter.
More detzils regarding uss of the TWI Power-down operation and using the TW as Master
with bow TWERR values are added into the datashest.

Added the note &t the end of the “Bit Rate Gensrator Unif” on page 164.
Added the description at the end of “Address Match Unit”™ on page 164,

Updated Description of OSCCAL Calibration Byte.
In the datasheet, it was not explained how to take advantage of the calibration bytes for 2, 4,
and B MHz Cscillator selections. This is now added in the following sections:

Improved description of “Cscillator Calibration Register — O5C0CAL™ on page 31 and “Cali-
bration Byte™ on page 218,

Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBO's in the following tebles and pages:

Table 3 on page 26, Table 15 on page 38, Table 16 on page 42, Teble 17 on page 44, T, =
-40°C fo +BE°C, VCC = 2.7V to 5.5V (unlees otherwise noted)” on page 235, Table 90 on
page 237, and Tablz 102 on page 230,

Updated Pregramming Figures.
Figure 104 on page 219 and Figure 112 on page 230 are updated to also reflct that AV
must be connactad duning Programming made.

Added a Description on how to Enter Parallel Programming Mode if RESET Pin is Dis-
abled or if External Oscillators are Selectad.

Added & nots in section “Enter Programming Mods" on page 224.
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Typical Performance Characteristics
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LM35/LM35A/LM35C/LM35CA/LM3ED

Precision Centigrade Temperature Sensors
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Data Sheet BC 549
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HPH EPITAXIAL
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TRADEMARKS

The foliowing are regisiered and unregistered rademarks Fairchid Semmicondacior owns or 15 authorized o use and s

raot Inkznded fo be an evhaustive st of al such demarks.

ACEx™ ISOPLANAR™
CoolFET™ MICROWIRE™
CROSSVOLT™ POp™
ECMOS™ PowerTrench™
FACT™ as™
FACT Quiet Senes™ Quiet Series™
FAST® Supsr30T™.-3
FASTr™ SuperS0T™.-6
GTO™ SuperSOT™-E
HiSeC™ TinyLogic™
MESCLAIMER

FAIRCHILD SEMICCNDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TO ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOT ASSUME ANY LIABILITY ARESING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER TS PATENT

RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE $UPFCAT POLICY

FAIRCHILD'S FRODUCTS ARE NOT AUTHORIZED FOR UEE AS CRITICAL COMPOMENTS IN LIFE 3UFFORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESEWRITTEN AFPROWVAL OF FAIRCHILD SEMICONDUCTOR CORFORATION.

As uzed hensin:

1. Life support devices of systems are devioes or
zystems which, (a) are imt=nded for surgical Implant into
e body, o (b) SUppor oF sustan Ife, or (C) whose
faliure 10 perform when propery used i accordance
with instructions for use provided In the labeling, can be
reasonably expected 10 result In SigNCant Inury 1o me
user.

2. A critical component Is any component of a I
support device or sysiem whose failure fo perform can
be reasonably expecied o cause the faliore of the 1B
support device or syshem, or o afsct s safeby or
effeciveness.

PRODUCT 3TATUS DEFINITIONE

Definition of Terme
Datachast identifoation Proguat 3iatss Dannition
Adhvance Information Formative or This datasieat contaires the design spectfications. for
In Design product development. Specificalions may change In

any manner without notice.

Predminary First Production

This datashest contains preiminary data, and
supplementary data wil be published at a laber date
Fairchild Semiconducior reserves the right fo make
changes at any me without noSice In ondar B Improve
design.

Mo Identification Nesded

This datashest contains fnal specficalions. Farrhild
Eemiconducior reserves e right 1o make changes af
any Bme without RoSce IR onder b IMprove desion.

Ctsolete Mot In Production

This datashes! contains specfications on & product
aat has been discontinued by Farchild semiconductor.
The datxsheet is prinfed for reference infomation only.




