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http://belajar-dasar-pemrograman.blogspot.sg/2013/04/pengenalan-atmega8535.
html, diakses pada tanggal 24 April 2016
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2016
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diakses pada tanggal 30 April 2016

Declare Sub Sensor_1(byval Ch0 AS"WG6td
Declare Sub Sensor_2(byval Chl As Word)
Declare Sub Sensor_3(byval Ch2 As Word)
Declare Sub Sensor_4(byval Ch3 As Word)
Declare Sub Delay_1()

Config Portc.3 = Output >
Config Portc.0 = Output >
Config Portc.1 = Output >
Config Portc.2 = Output >
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Errorl Alias Portc.3
Error2 Alias Portc.0
Error3 Alias Portc.1
Error4 Alias Portc.2

Dim Ldr_1 As Single—> deklarasi Ldr_1 bertipe single
Dim Ldr_2 As Single—> deklarasi Ldr_2 bertipe single

Dim Ldr_3 As Single—> deklarasi Ldr_3 bertlpe single
Dim Ldr_4 As Smgle% dekl i '

End If

Loop -> perulangan suatu perintah

Do -> intruksi untuk menjalankan suatu perintah
Two: -> sub menu dengan nama “two”

Call Delay_1()() = panggil waktu tundaan

Call Sensor_3(2) - panggil sub menu sensor 1
Call Sensor_4(3) - panggil sub menu sensor 2
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If Detik > 7 Then : Detik = 0-> jika detik lebih besar dari 7 maka detik =0
Goto One —>pergi ke menu sub one

Cls - Clear Screen LCD

End If

Loop —> perulangan suatu perint

Sub Sensor_1(ch0 As Word)
Start Adc

Locate 2
Led ™ ;
Led ™
Locate2,1
Lcd "LDR2 ="
If Ldr_2>100 Then
Eror2=1

Elseif Ldr_2 <99 Then
Eror2=0

End If

End Sub

Sub Sensor_3(ch2 As Word)
Start Adc
Dataadc_2 = Getadc(2)
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Ldr_3 = Dataadc_2

Ldr 3=1Ldr 3

Locate 1,8

Led ™ ; Fusing(ldr_3 , "#.#")
Leca™ "

Locate1,1

Lcd "LDR3 ="

If Ldr_3>100 Then
Eror3=1

Elseif Ldr_3 <99 Then
Eror3=0
End If

Incr Detik
End If
End Sub

Universitas Medan Area



Data Sheet ATMega 8535

Block Diagram Figure 2. Block Diagram
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AVR CPU Core

Introduction

Architectural Overview
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This section discusses the AVR core architecture in general. The main function of the
CPU core is to ensure correct program execution. The CPU must therefore be able fo
access memories, perform calculations, control peripherals, and handle interrupts.

Figure 3. Block Diagram of the AVR MCU Architecture
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In order to maximize performance and parallelism, the AVR uses a Harvard architecture
— with separate memories and buses for program and data. Instructions in the program
memory are executed with a single level pipelining. While one instruction is being exe-
cuted, the next instruction is pre-fetched from the program memory. This concept
enables instructions to be executed in every clock cycle. The program memory is In-
System Re-Programmable Flash memory.

The fast-access Register File contains 32 x 8-bit general purpose working registers with
a single clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU)
operation. In a typical ALU operation, two operands are output from the Register File,
the operation is executed, and the result is stored back in the Register File - in one
clock cycle.



System Clock and
Clock Options

Clock Systems and their  Figure 11 presents the principal clock systems in the AVR and their distribution. Al of

Distribution

CPU Clock - clkgp

/0 Clock - clky,

Flash Clock - clkg asy
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the clocks need not be active at a given time. In order to reduce power consumption, the
clocks to modules not being used can be halted by using different sleep modes, as
described in “Power Management and Sleep Modes™ on page 32. The clock systems
are detailed below.

Figure 11. Clock Distribution
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The CPU clock is routed fo parts of the system concerned with operation of the AVR
core. Examples of such modules are the General Purpose Register File, the Status Reg-
ister and the data memory holding the Stack Pointer. Haiting the CPU clock inhibits the
core from performing general operations and calculations.

The /0 clock is used by the majority of the /0 modules, like Timer/Counters, SPI, and
USART. The /O clock is also used by the External Interrupt module, but note that some
external interrupts are detected by asynchronous logic, allowing such interrupts to be
detected even if the /0 clock is halted. Also note that address recognition in the TWI
module is carried out asynchronously when clk, is halted, enabling TWI address recap-
tion in all sleep modes.

The Flash clock controls operation of the Flash interface. The Flash clock is usually
active simultanaously with the CPU clack.



Figure 15.

Reset Logic
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Table 15. Reset Characteristics
Symbol | Parameter Condition Min'"! T',rpm Max'" | Units
Power-on Reset Threshold
Voltage (rising) 14 2.3 v
Veor
Power-on Reset Threshold 13 03 Vv
Voltage (falling)® ' '
"REEET Pin Threshold
Vist Voltage 0.2 0.9 v
Minimum pulse width on
s | AESET Pin 15 ] s
v Brown-%l.lrl Reset Threshold BODLEVEL =1 25 2.7 2.9 v
07| Voltage™ BODLEVEL=0 | 36 | 40 | 42
, Minimum low voltage period | BODLEVEL =1 2 ps
BOD for Brown-out Detection BODLEVEL - 0 s
Brown-out Detector
Vivst hysteresis 130 mV
Motes: 1. Values are guidelines only.
2. The Power-on Reset will not work unless the supply voltage has been below Vpor

(falling).
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Interrupls This section describes the specifics of the interrupt handling as performed in
ATmegafh35. For a general explanation of the AVR interrupt handling, refer fo “Reset
and Interrupt Handling” on page 13.

Interrupt Vectors in
P Table 19. Reset and Interrupt Vactors

ATmega8535
Vector | Program
No. | Address® | Source Interrupt Definition
1 0x0001" | RESET External Pin, Power-on Reset, Brown-out Resat
and Watchdog Reset
2 o001 | INTO External Interrupt Request 0
3 002 | INTH External Interrupt Request 1

4 0x003 | TIMER2 COMP | Timer/Counter2 Compare Match

5 0x004 | TIMER2 OVF Timer/Counter2 Overflow

6 0x005 | TIMER1 CAPT | Timer/Countert Capture Event

7 0x006 | TIMER1 COMPA | Timer/Counteri Compare Match A
8 0x007 | TIMER1 COMPB | Timer/Counter! Compare Match B
9 0x008 | TIMER1 QVF Timer/Countert Overflow

10 0x009 | TIMERO QVF Timer/Counter0 Overflow

11 0x00A | SPI, STC Serial Transfer Complete

12 0x00B | USART, RXC USART, Rx Complete

13 0x00C | USART,UDRE | USART Data Register Empty

14 0x00D | USART, TXC USART, Tx Complete

15 OxO0E | ADC ADC Conversion Complete
16 0x0OF | EE_RDY EEPROM Ready

17 0010 | ANA_COMP Analog Comparator

18 oxo11 | TWI Two-wire Serial Interface

19 m0i2 | INT2 External Interrupt Request 2

20 0x013 | TIMERO COMP | Timer/Counter0 Compare Match
21 0x014 | SPM_RDY Store Program Memory Ready

Notes: 1. When the BOOTRST Fuse is programmed, the device will jump to the Boot Loader
address at reset, see “Boot Loader Support - Read-While-Write Selt-Programming”
on page 224,
2. When the IVSEL bit in GICR is set, Interrupt Vectors will be moved to the start of the
Boot Flash section. The address of each Inferrupt Vector will then be the address in
this table added to the start address of the Boot Flash section.

Table 20 shows reset and Interrupt Vactors placement for the various combinations of
BOOTRST and IVSEL seftings. If the program never enables an interrupt source, the
Interrupt Vactors are not used, and reqular program code can be placed at these loca-
tions. This is also the case if the Reset Vector is in the Application section while the
Interrupt Vectors are in the Boot section or vice versa.
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Operation
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Figure 98. Analog-to-Digital Converter Block Schematic
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The ADC converts an analog input voltage to a 10-bit digital value through successive
approximation. The minimum value represents GND and the maximum value represents
the voltage on the AREF pin minus 1 LSB. Optionally, AVCC or an internal 2.56V refer-
ence voltage may be connected to the AREF pin by writing to the REFSn bits in the
ADMUX Register. The internal voltage reference may thus be decoupled by an external
capacitor af the AREF pin o improve noise immunity.

The analog input channel and differential gain are selected by writing to the MUX bits in
ADMUX. Any of the ADC input pins, as well as GND and a fixed bandgap voltage refer-
ence, can be selected as single ended inputs to the ADC. A selection of ADC input pins
can be selected as positive and negafive inputs to the differential gain amplifier.

If differential channels are selected, the differential gain stage amplifies the voltage dif-
ference between the selected input channel pair by the selected gain factor. This
amplified value then becomes the analog input o the ADC. If single ended channals are
used, the gain amplifier is bypassed aftogather.



Memory
Programming

Program And Data
Memory Lock Bits

The ATmega8535 provides six Lock bits which can be left unprogrammed (*1") or can
be programmed (“0") to obtain the additional features listed in Table 97. The Lock bits

can only be erased to “1” with the Chip Erase command.

Table 96. Lock Bit Bytel')

Lock Bit Byte BitNo | Description Default Value
7 - 1 (unprogrammed)
B - 1 (unprogrammed)
BLB12 5 Boot Lock bit 1 {unprogrammed)
BLB11 4 Boot Lock bit 1 (unprogrammed)
BLB02 3 Boot Lock bit 1 (unprogrammed)
BLBO1 2 Boot Lock bit 1 (unprogrammed)
LB2 1 Lock bit 1 (unprogrammed)
LB1 0 Lock bit 1 (unprogrammed)
Note: 1. “1" means unprogrammed, “0" means programmed
Table 97. Lock Bit Protection Modes®
Memory Lock Bits Protection Type
LBMode | LB2 | LBY
1 1 1 No memary lock features enabled.
Further programming of the Flash and EEPROM is
» " 0 disabled in Parallel and Serial Programming mode. The
Fuse bits are locked in both Serial and Parallel
Programming mode.'"
Further programming and verification of the Flash and
3 0 0 EEPROM is disabled in Parallel and Serial Programming
mode. The Fuse bits are locked in both Serial and Parallel
Programming mode. "
BLBO Mode | BLB02 | BLBo1
] " i No restrictions for SPM or LPM accessing the Application
section.
2 1 0 | SPMis not allowed to write to the Application section.
SPMis not allowed to write to the Application section, and
LPM executing from the Boot Loader section is nat
3 0 0 | allowed to read from the Application section. If interrupt
vectors are placed in the Boot Loader section, interrupts
are disabled while executing from the Application section.
LPM executing from the Boot Loader section is not
A 0 i allowed to read from the Application section. If interrupt
vectors are placed in the Boot Loader section, interrupts
are disabled while executing from the Application section.
BLB1 Mode | BLB12 | BLB1{
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Table 97. Lock Bit Protection Modes® (Continued)
Memory Lock Bits Protection Type

No restrictions for SPM or LPM accessing the Boot Loader

1 1 1 .
saction.

2 1 0 | SPMis not allowed to write to the Boot Loader section.

SPM s not allowed to write to the Boot Loader section,
and LPM executing from the Application section is not

3 0 0 | allowed to read from the Boot Loader section. If interrupt
vectors are placed in the Application section, inferrupts
are disabled while executing from the Boot Loader section.

LPM executing from the Application section is not allowed
fo read from the Boot Loader saction. If interrupt vectors
are placed in the Application section, interrupts are
disabled while executing from the Boof Loader section.

Notes: 1. Program the Fuse bits before programming the Lock bits.
2. 1" means unprogrammed, ‘0" means programmed.

Fuse Bits The ATmega8535 has two Fuse bytes. Table 98 and Table 99 describe brisfly the func-
tionality of all the fuses and how they are mapped into the fuse bytes. Note that the
fuses are read as logical zero, “0", if they are programmed.

Table 98. Fuse High Byte

Fuse High Byte | BitNo | Description Default Value

58535C 7 | Select AT90S8535 compatibilty | 1 (unprogrammed)
mode

WDTON 6 | WDTalwayson 1 (unprogrammed, WDT

enabled by WDTCR)

SPIEN 5 | Enable Serial Program and Data | O (programmed, SPI prog.
Downloading enabled)

CKOPT®! 4 | Oscilator options 1 {unprogrammed)

EESAVE 3 | EEPROM memory is preserved | 1 (unprogrammed,
through the Chip Erase EEPROM not preserved)

BOQTSZ1 2 | SelectBoot Size (see Table 93for | 0 (programmed)®
details)

BOQTSZ0 1| Select Boot Size (see Table 93 for | 0 (programmed)
detalls)

BOOTRST 0 | Select Heset Vector 1 (unprogrammed)

Notes: 1. The SPIEN Fuse is not accessible in Serial Programming mode.
2. The CKOPT Fuse functionality depends on the setting of the CKSEL bits. See “Clock
Sources” on page 25. for detals.
3. The default value of BOOTSZ1..0 results in maximum Boot Size. See Table 93 on
page 235.
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Latching of Fuses

Signature Bytes

Calibration Byte
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Table 99. Fuse Low Byte

Fuse Low Byte | Bitno | Description Default Value
BODLEVEL 7 | Brown out detector trigger | 1 {unprogrammed)
[evel
BODEN 6 | Brown out detector enable | 1 (unprogrammed, BOD
disabled)
SUTH 5 | Select start-up time 1 (unprogrammed)'"
sUTo 4 | Select start-up time 0 (programmed) !
CKSEL3 3 | Select Clock source 0 (programmed)”
CKSEL2 2 | Select Clock source 0 (programmed) ?
CKSELI 1| Select Clock source 0 (programmed) ?
CKSELO 0 | Select Clock source 1 (unprogrammed)®
Notes: 1. The default value of SUT1..0 results in maximum start-up time. See Table 10 on page
30 for dtails.
2. The default sefing of CKSEL3..0 results in internal RC Oscillator @ 1 MHz. See
Table 2 on page 25 for details.

The status of the Fuse bits is not affected by Chip Erase. Note that the Fuse bits are
Iocked if Lock bit 1 (LB1) is programmed. Program the Fuse bits bafore programming
the Lock bits.

The Fuse values are laiched when the device enters Programming mode and changes
of the Fuse values will have no effect until the part leaves Programming mode. This
does not apply to the EESAVE fuse which will take effect once it is programmed. The
fuses are also latched on Power-up in Normal mode.

All Atmel microcontrollers have a three-byte signature code which identifies the device.
This code can be read in both Serial and Parallel mode, also when the device is locked.
The three bytes reside in a separate address space.

For the ATmega8535 the signature bytes are:

1. 0x000: 0x1E (indicates manufacturad by Atmel)

2. 0x001: 0x93 (indicates 8 KB Flash memory)

3. 0x002: 0x08 (indicates ATmeqa8535 device when 0x001 is 0x33)

The ATmeqa8535 stores four different calibration values for the internal RC Oscillator.
These bytes rasides in the signature row high byte of the addresses 0x000, 0x0001,
0x0002, and 0x0003 for 1, 2, 4, and 8 MHz respectively. During Reset, the 1 MHz value
is automatically loaded into the OSCCAL Register. If other frequencies are used, the
calibration value has to be loaded manually, see ‘Oscillator Calibration Register - OSC-
CAL" on page 30 for details.



Electrical Characteristics
Absolute Maximum Ratings*

Operating Temperature........................... 55°C 10 +125°C "NOTICE: ~ Stresses beyond thos listed under “Absolute
Maximum Ratings" may cause permanent dam-
Storage Temperafure ... cencvnn 65°Cto+150°C age tothe device. This is a strass rating only and
functional operation of the device at these or
Voltage on any Pin except RESET other conditions beyond those indicated in the
with respect 1o Ground ... 05V 1o Vi +0.5V operational sections of this spacfication is not
implied. Exposure to absolute maximum rafing
Voltage on RESET with respect to Ground.....-0.5V to +13.0V conditions for extended periods may affect device
. . reliabilty.
Maximum Operafing VORage .......oo.oceesvccnc e 6.0V
OC Current per VO Pin .o, 40.0 MA
OC Current V. and GND Pins ...........ov.ee.. 200.0PDIP 0g
400 mA TQFPMLF/PLCCmA
DC Characteristics
Ty=-40°Ct085°C, Voo = 2.7V 10 5.5V (unless otherwise noted)
Symbol | Parameter Condition Min Typ Max Units
Input Low Voltage except . ) i
Input High Voltage except ) P
]'Jr”_ XTALY and m pinS Vgc—2?]'||r -55V 0.6 vcc ! vcc +05 V
Input Low Voltage |
v V=2V -55V 05 0.1 V" v
L | XTAL pin © &
Vi 'p”if:”t High’Votage XTAL1 | o 7y .5.5v 08Vys? Vg +05 v
Vi 'p”if:”t LowVolageRESET | o7y 550 05 02V v
Input High Voltage |
1|I||'”-2 Hgﬁ%m J VCC:Q?]‘I -5.5Y 04 vccﬂ'l vcc +05 vV
v Output Low Voltage® | 1y =20mA, Vg =5V 07 v
O | (PortsABCD) lo = 10mA, Vo =3V 05 v
v Quiput High Vottage® | loy=-20 mA, Vg =5V 42 v
O | (ParisABCD) lpy=-10mA, Voo =3V 22 v
| Input Leakage Vo =5.5V, pin low ’ A
L Current /0 Pin (absolute valug) H
| Input Leakage Ve = 5.5V, pin high ’ A
H Current /0 Pin (absolute valug) H
Rrer | Resef Pull-up Resistor 30 il kn
Ry /O Pin Pull-up Resistor 20 50 k2
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ATmegaB535 Typical  The following charts show typical behavior, These figures are no tested during manu-

Characteristics

Active Supply Current
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facturing. All current consumption measurements are performed with all 1/0 pins
configured as inputs and with internal pull-ups enabled. A sine wave genarator with rail-
fo-rail output is used as clock source.

The power consumption in Power-down mode is independent of clock selection.

The current consumption is a function of several factors such as: Operating voltage,
operating frequency, loading of O pins, switching rate of /O pins, code executed and
ambient tamperature. The dominating factors are aperafing voltage and frequency.

The current drawn from capacitive loaded pins may be estimated (for one pin) as
GVt where G, =load capacitance, Vi, = operafing voltage and = average switch-
Ing frequancy of [0 pin.

The parts are characterized at frequencies higher than test imits. Parts are not quaran-
feed to function properly at fraquencies higher than the ordering code indicates.

The difference between current consumption in Powar-down made with Watchdog
Timer enabled and Powsr-down made with Watchdog Timer disabled represants the dif-
ferential current drawn by the Watchdog Timer.

Figure 130. Active Supply Current vs. Fraquency (0.1 - 1.0 MHz)
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Figure 131. Active Supply Current vs. Frequency (1 - 16 MHz)
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Figure 132. Active Supply Current vs. V. (Internal RC Oscillator, 8 MHz)
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