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/************************************************** *k%k

This program was produced by the

CodeWizardAVR V1.25.3 Professional

Automatic Program Generator

© Copyright 1998-2007 Pavel Haiduc, HP InfoTech.s.r
http://www.hpinfotech.com

Project :

Version :

Date :8/24/2007
Author : FACG
Company : FACG

Comments:

Chip type : ATmegal6
Program type . Application
Clock frequency :11.059200 MHz
Memory model : Small

External SRAM size : 0
Data Stack size : 256
*/

#include <megal6.h>

#include <lcd.h>

#include <stdio.h>

#include <delay.h>

int keyboard_data;

int data_kb;

char display_lcd[33];

int count;

char pindata[12]={0,0,1,2,4,8,16,32,64,128,0,0};

/I Alphanumeric LCD Module functions
#asm

.equ __lcd_port=0x15 ;PORTC
#endasm
#include <lcd.h>

I/l External Interrupt O service routine
interrupt [EXT_INTO] void ext_int0_isr(void)
{

I/ Place your code here

count ++;

if(PINB.O == 1)



{
data_kb = data_kb + pindata[count];

}
if(count==11)

lcd_clear();
keyboard_data = data_kb;
count=0;
data_kb=0;
sprintf(display_lcd,"%d" ,keyboard_data);
lcd_puts(display_lIcd);

}

}

/l Declare your global variables here

void main(void)

{

/l Declare your local variables here

Il Input/Output Ports initialization

/l Port A initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In émn Funcl=In
FuncO=In

/| State7=T State6=T State5=T State4=T State3={eS5td Statel=T StateO=T
PORTA=0x00;

DDRA=0xFF;

/[ Port B initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In é#In Funcl=In
FuncO=In

/| State7=T State6=T State5=T State4=T State3=5td Statel=T StateO=T
PORTB=0x00;

DDRB=0xFO;

/I Port C initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In émn Funcl=In
FuncO=In

/| State7=T State6=T State5=T State4=T State3={eS5td Statel=T StateO=T
PORTC=0x00;

DDRC=0x00;



/I Port D initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In émn Funcl=In
FuncO=In

/] State7=T State6=T State5=T State4=T State3={eS5td Statel=T StateO=T
PORTD=0x00;

DDRD=0x00;

/l Timer/Counter 0 initialization
/I Clock source: System Clock
Il Clock value: Timer O Stopped
/ Mode: Normal top=FFh

// OCO output: Disconnected
TCCRO0=0x00;

TCNTO0=0x00;

OCRO0=0x00;

// Timer/Counter 1 initialization
/I Clock source: System Clock

/I Clock value: Timer 1 Stopped
/l Mode: Normal top=FFFFh

// OC1A output: Discon.

// OC1B output: Discon.

/I Noise Canceler: Off

/I Input Capture on Falling Edge
I/l Timer 1 Overflow Interrupt: Off
/I Input Capture Interrupt: Off

/I Compare A Match Interrupt: Off
/l Compare B Match Interrupt: Off
TCCR1A=0x00;

TCCR1B=0x00;

TCNT1H=0x00;

TCNT1L=0x00;

ICR1H=0x00;

ICR1L=0x00;

OCR1AH=0x00;
OCR1AL=0x00;
OCR1BH=0x00;
OCR1BL=0x00;

/l Timer/Counter 2 initialization
/I Clock source: System Clock
Il Clock value: Timer 2 Stopped
/ Mode: Normal top=FFh

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;



OCR2=0x00;

/I External Interrupt(s) initialization
/I INTO: On

// INTO Mode: Falling Edge

/I INT1: Off

Il INT2: Off

GICR|=0x40;

MCUCR=0x02;

MCUCSR=0x00;

GIFR=0x40;

/I Timer(s)/Counter(s) Interrupt(s) initialization
TIMSK=0x00;

/I Analog Comparator initialization

/l Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/CouriteOff
ACSR=0x80;

SFIOR=0x00;

/I LCD module initialization
lcd_init(16);

// Global enable interrupts
#asm("sei")

while (1)
{

switch (keyboard_data)
{

case 29:
llcd_clear();
/llcd_putsf("MAJU");
PORTA = 0x01;
delay_ms(500);
PORTA = 0x00;
keyboard_data=0;
break;

case 27:

/llcd_clear();
/llcd_putsf("MUNDUR");
PORTA = 0x02;
delay_ms(500);



PORTA = 0x00;
keyboard_data=0;
break;

case 35:

/llcd_clear();
lllcd_putsf("KANAN+MAJU");
PORTA = 0x05;
delay_ms(400);

PORTA = 0x00;
keyboard_data=0;

break;

case 28:

/llcd_clear();
/llcd_putsf("KIRI+MAJU");
PORTA = 0x09;
delay_ms(400);

PORTA = 0x00;
keyboard_data=0;

break;

case 36:
/llcd_clear();
lllcd_putsf("GRIP");
PORTB = 0x40;
delay_ms(100);
PORTB = 0x00;
keyboard_data=0;
break;

case 21:

llcd_clear();
/llcd_putsf("RELEASE");
PORTB = 0x80;
delay_ms(100);
PORTB= 0x00;
keyboard_data=0;
break;
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C.11CL293D

SGS-THOMSON
MICROELECTRONICS

S

L293D
L293DD

PUSH-PULL FOUR CH

ANNEL DRIVER WITH DIODES

600mA OUTPUT CURRENT CAPABILITY
PER CHANNEL

1.2A PEAK OUTPUT CURRENT (non repet-
tive) PER CHAMNEL

EMABLE FACILITY

OVERTEMPERATURE PROTECTION
LOGICAL 0" INPUT VOLTAGE UP TO 1.5V
(HIGH NOISE IMMUNITY)

» INTERMNAL CLAMP DIODES

DESCRIPTION

The Device is a monolithic integrated high volt-
age, high current four channel driver designed to
accept standard DTL or TTL logic levels and drive
inductive loads (such as relays solencides, DC
and stepping motors) and switching power tran-
sistars.

To simplify use as two bridges each pair of chan-
nels is equipped with an enable input. A separate
supply input 1= provided for the logic, allowing o
eration at a lower voltage and internal clamp di-
odes are included.

This device is suitable for use in switching appl-
cations at frequenciesup to 5 kHz.

SO(12+4+4)

Powerdip (12+2+2)
ORDERING HUMBERS:

L293DD L2530

The L293D is assembled in a 16 lead plastic
packaage which has 4 center pins connected to-
gether and used for heatsinking
The L2920D is assembled in a 20 lead surface
mount which has 8 center pins connected to-
gether and used for heatsinking.

BLOCK DIAGRAM
’2\6 nl.:!:l’i DI.HB Uig
18 Us3 13 us 28
IN1 2 i i 12 0 Ins
ENABLE1 Q- ]
Us Us
INZ Cg * 15’ N4
i i ‘|5s6.?
gl 18| 14.15.16.17
H9zL293ps-93 OUT2 OUT4 l
June 1956 -




L293D - L293DD

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
e Supply Voltage 36 v
Ves Logic Supply Vaoltage 36 W
W Input Valtages T v
Yan Enable Voltage T v
Iy Peak Output Current {100 ps non repetitive) 1.2 A
Pt Total Power Dissipation at Tpye = 90 °C 4 W
Tetg, Ty Storage and Junclion Temperaiure —40to 130 o
PIN CONNECTIONS (Top view)
Ry
ENaBLE Y |1 B[ Ves
ENADLE ¢ CTJ1 — 28 [ uss
INPUTY F 15 INFUT &
INPUT 1T 2 19 [T INPUT 4
DUTPUT 1 CT] 3 18 [ OUTPUT 4 quteury |l3 ] outRUT 4
END 4 17 BMND
p— — GND & 1l Guo
GHD CTO 5 16 [T GHD
GHD L1 & 15 [1J GHD GMO 5 17 GND
GHD [T 7 14 [T GHD
DUTPUT 2T @ 13 [ OUTPUT 3 QUIRUT 2 [ " ouTeUT 3
INPUT 2 (T] 9 12 [T INPUT 3
INPUT2 7 0 INPUT 3
Us (T3 1@ 11 [IJ ENABLE 2
HI2L29901 -2 Y ] 9f] EwaBLE 2
5657
SO(12+4+4) Powerdip({12+2+2)
THERMAL DATA
Symbaol Decription DIP S0 Unit
Rin-pins Thermal Resistance Junclion-pins max. — 14 “CIW
Fien |-amb Thermal Resistance junction-ambient max. g0 =0 (") “CIW
Rin jease Thermal Resistance Junction-case Ma. 14 —

(*) With 8sq. cm on board heatsink.
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C2ATMEGA 16

Features

* High-performance, Low-power AV R®8-bit Microcontroller
+ Advanced RISC Architecture
— 131 Powerful Instructions —Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers
— Fully Static Cperation
— Up te 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
* Nonvolatile Program and Data Memories
— 16K Bytes of In-System Self-Programmakble Flash
Endurance: 10,000 Write/Erase Cycles
— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
- 512 Bytes EEPROM
Endurance: 100,000 Write/Erase Cycles
— 1K Byte Internal SRAM
- Programming Lock for Software Security
* JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
- Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface
* Peripheral Features
— Two &-bit Timer/Counters with Separate Prescalers and Compare Modes
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Four PWM Channels
- 8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels in TQFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
— Byte-oriented Two-wire Serial Interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analeg Comparator
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby
* IO and Packages
— 32 Programmable /O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad MLF
* Operating Voltages
— 2.7 - 5.5V for ATmegai6L
— 4.5 - 5.5V for ATmegalé
+ Speed Grades
— 0 - 8 MHz for ATmegai6L
— 0 - 16 MHz for ATmegai6

Y )

8-bit AVR®
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegai6
ATmegai6L

Preliminary



Pin Configurations

Disclaimer

Figure 1. Pinouts ATmegalé
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Typical values contained in this data sheet are based on simulations and characteriza-
tion of other AVR microcontrollers manufactured on the same process technology. Min
and Max values wlill be available after the device is characterized.



Overview

Block Diagram

The ATmega6 is a low-power CMOS 8-bit microcentroller based on the AVR enhanced
RISC architecture. By executing powerful instructions in a single clock cycle, the
ATmegal6 achieves throughputs approaching 1 MIPS per MHz allowing the system
designer to optimize power consumption versus processing speed.

Figure 2. Block Diagram
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Pin Descriptions
vce
GND

Port A (PA7..PAQ)

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 ATmega16 provides the following features: 16K bytes of In-System Programmable
Flash Program memaory with Read-While-Write capabilities, 512 bytes EEPROM, 1K
byte SRAM, 32 general purpose I/0 lines, 32 general purpose working registers, a
JTAG interface for Boundary-scan, On-chip Debugging support and programming, three
flexible Timer/Counters with compare modes, Internal and External Interrupts, a serial
programmable USART, a byte oriented Two-wire Serial Interface, an 8-channel, 10-bit
ADGC with optional differential input stage with programmable gain (TQFP package only),
a programmable Watchdog Timer with Internal Oscillator, an SPI serial port, and six
software selectable power saving modes. The Idle mode stops the CPU while allowing
the USART, Two-wire interface, A/D Converter, SRAM, Timer/Counters, SPI port, and
interrupt system to continue functioning. The Power-down mode saves the register con-
tents but freezes the Oscillator, disabling all other chip functions until the next External
Interrupt or Hardware Reset. In Power-save mode, the Asynchronous 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 Asynchro-
nous Timer and ADC, to minimize switching noise during ADC conversions. In Standby
made, the crystaliresonator 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 Asynchronous Timer continue to run.

The device is manufactured using Atmel's high density nonvolatile memary technology.
The On-chip ISP Flash allows the program memary to be reprogrammed in-system
through an SPI serial interface, by a conventional nonvolatile memory programmer, or
by an On-chip Boot program running on the AVR core. The boaot program can use any
interface to download the application program in the Application Flash memary. 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 ATmega16 is
a powerful microcontroller that provides a highly-flexible and cost-effective solution to
many embedded control applications.

The ATmegal16 AVR is supported with a full suite of program and system development
tools including: C compilers, macro assemblers, program debugger/simulators, in-circuit
emulators, and evaluation kits.

Digital supply voltage.
Ground.

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

Port A also serves as an 8-bit bi-directional I/0 pon, if the A/D Converter is not used.
Port pins can provide internal pull-up resistors (selected for each bit). The Port A output
buffers have symmetrical drive characteristics with both high sink and source capability.
When pins PAD to PA7 are used as inputs and are externally pulled low, they will source
current if the internal pull-up resistors are activated. The Port A pins are fri-stated when
a reset condition becomes active, even if the clock is not running.



Port B (PB7..PBO)

Port C (PC7..PCO)

Port D (PD7..PDO)

RESET

XTAL1
XTAL2

AvVCC

AREF

About Code
Examples

Part B is an 8-bit bi-directional 10 port with internal pull-up resistors (selected for each
bit). The Part B output buffers have symmetrical drive characteristics with bath high sink
and source capability. As inputs, Port B pins that are extemally 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.

Part B also serves the functions of various special features of the ATmegal6 as listed
on page 55.

Part C is an B-bit bi-diractional /0 port with internal pull-up resistors (selected for each
bit). The Part C output buffers have symmetrical drive characteristics with both high sink
and source capabllity. 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 JTAG interface is
enabled, the pull-up resistors on pins PC5(TDI), PC3(TMS) and PC2(TCK) will be acti-
vated even If a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmegais as listed on page 58.

Part D is an B-bit bi-diractional /0 port with internal pull-up resistors (selected for each
bit). The Part 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.

Part D also serves the functions of various special features of the ATmegal6 as listed
on page 60.

Raset Input. A low lavel on this pin for longer than the minimum pulse length will gener-
ate a reset, aven if the clock is not running. The minimum pulse length is given in Table
15 on page 35. Shorter pulses are not guaranteed to genarate a reset.

Input to the inverting Oscillator amplifier and input to the intemal clock operating circuit.
Output from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Port A 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 Vg, through a low-pass filter.

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

This decumentation contains simple code examples that briefly show how to use various
parts of the device. These code examples assume that the part specific header fils is
included before compilation. Be aware that not all C Compiler vendors include bit defini-
tions in the header files and interrupt handling in C is compiler dependent. Please
confirm with the C Compiler documentation for more details.



System Clock and
Clock Options

Clock Systems and their
Distribution

CPU Clock — clkgpy

110 Clock — clkyo

Flash Clock — clkg sop

Figure 11 presents the principal clock systems in the AVR and their distribution. All of
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 30. The clock systems
are detailed Figure 11.

Figure 11. Clock Distribution

Azyrchmnous General 170 Flash and
Tirmer Countar ‘ Madules ‘ ‘ ot H ik ” il ‘ EEPROM ‘
elkure
g AVR Clock alkgp,
Gontral Linit
kg ke
L
Resst Logic ‘ Watchdog Timer ‘
Source Clock Watchdog Clock
Clock Watchdog
Multiplexar Cacillator
j T
Timer Couritar Extemial R Exterral Clock Crystal Low-fraquency Calibratad RC
Ccillator Cescillator Qigcillator Crystal Osdillator Oozzillator

The CPU clock is routed to 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. Halting the CPU clock inhibits the
core from performing general operations and calculations.

The I/O clock is used by the majority of the /O modules, like Timer/Counters, SPI, and
USART. The I/C 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 I/O clock is halted. Also note that address recognition in the TWI
madule is carried out asynchronously when clk, g is halted, enabling TWI address recep-
tion in all sleep modes.

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



Asynchronous Timer Clock —
ClKpgy

ADC Clock - clkape

Clock Sources

Crystal Oscillator

The Asynchronous Timer clock allows the Asynchronous Timer/Counter to be clocked
directly from an external 32 kHz clock crystal. The dedicated clock domain allows using
this Timer/Counter as a real-time counter even when the davice is in sleep mode.

The ADC is provided with a dedicated clock domain. This allows halting the CPU and
/O clocks in order to reduce noise generated by digital circuitry. This gives more accu-
rate ADC conversion results.

The device has the following clock source options, selectable by Flash Fuse bits as
shown below. The clock from the selected source is input to the AVR clock generator,
and routed to the appropriate modules.

Table 2. Device Clocking Options Select!!)

Device Clocking Option CKSEL3..0
External Crystal'Ceramic Resonator 1111 - 1010
External Low-frequency Crystal 1001
External RC Oscillator 1000 - 0101
Calibrated Internal RC Oscillator 0100 - 0001
External Clock 0ooo

Mote: 1. For all fuses “1" means unpregrammed while “0" means programmed.

The various choices for each clocking option is given in the following sections. When the
CPU wakes up from Power-down or Power-save, the selected clock source is used to
time the start-up, ensuring stable Oscillator operation before instruction execution starts.
When the CPU starts from Reset, there is as an additional delay allowing the power to
reach a stable level before commencing normal operation. The Watchdog Oscillator is
used for timing this real-time part of the start-up time. The number of WDT Oscillatar
cycles used for each time-out is shown in Table 3. The frequency of the Watchdog
Oscillator is voltage dependent as shown in “ATmegai6 Typical Characteristics — Pre-
liminary Data” on page 293. The device is shipped with CKSEL = “0001" and SUT =*“10"
(1 MHz Internal RC Oscillator, slowly rising power).

Table 3. Number of Watchdog Oscillator Cycles

Typ Time-out (V¢ = 5.0V) Typ Time-out (Vg = 3.0V) Number of Cycles
4.1ms 43 ms 4K (4,006)
65 ms 69 ms B4K (65,536)

XTALT and XTALZ are input and output, respectively, of an inverting amplifier which can
be configured for use as an On-chip Oscillator, as shown in Figure 12. Either a quartz
crystal or a ceramic resonator may be used. The CKOPT Fuse selects between two dif-
ferent Oscillator amplifier modes. When CKOPT is programmed, the Oscillator output
will oscillate will a full rail-to-rail swing on the output. This mode is suitable when operat-
ing in a very noisy environment or when the output from XTAL2 drives a second clock
buffer. This mods has a wide frequency rangs. When CKOPT is unprogrammed, the
Oscillator has a smaller output swing. This reduces power consumption considerably.
This mode has a limited frequency range and it can not be used to drive other clock
buffers.

For resonators, the maximum frequency is 8 MHz with CKOPT unprogrammed and
16 MHz with CKOPT programmed. C1 and C2 should always be equal for both crystals



and resonators. The optimal value of the capacitors depends on the crystal or resonator
in use, the amount of stray capacitance, and the electromagnetic noise of the environ-
ment. Some initial guidelings for choosing capacitors for use with crystals are given in
Table 4. For ceramic resonators, the capacitor values given by the manufacturar should
be used. For more information on how to choose capacitors and other details on Oscilla-
tor operation, refer to the Multi-purpose Oscillator application note.

Flgure 12. Crystal Oscillator Connections
c2
G 4 IxTAL1

XTAL2

The Oscillator can operate In three different modes, each optimized for a specific fre-
quency range. The operating mode is selected by the fuses CKSEL3..1 as shown in
Table 4.

Table 4. Crystal Oscillator Operating Modes

Frequency Range Recommended Range for Capacitors
CKOPT | CKSEL3..1 {MHz) C1 and C2 for Use with Crystals (pF)
1 10141 0.4-09 -
1 110 0.9-3.0 12 -22
1 111 3.0-80 12-22
0 101, 110, 111 1.0= 12-22

Note: 1. This option should not be used with crystals, only with ceramic resonators.

The CKSELO Fuse together with the SUT1..0 fuses select the start-up times as shown in

Table 5.
Table 5. Start-up Times for the Crystal Oscillator Clock Selection
Start-up Time from | Additional Delay
Power-down and from Reset
CKSELO | SUT1..0 Power-save (Vee =5.0V) Recommended Usage
0 a0 058 CKiT 41ms (_De_-ramic resonator, fast
rising power
[ Ceramic resonator, slowly
1) [
0 01 258 CK! 65 ms tising power
0 10 1K CKi2 _ Ceramic resonator, BOD
enabled
Ceramic resonator, fast
i2) '
0 11 1K CK! 4.1 ms tising power
1 a0 1K CKi2 65 ms GCerarnic resonator, slowly
rising power
Crystal Oscillator, BOD
1 [} 16K CK - enabled
1 10 16K CK 41 ms Qr}-stal Oscillator, fast
rising power
1 1 16K CK 85 ms (?r_\,-stal Oscillator, slowly
rising power

Notes: 1. These options should only be used when not operating close to the maximum fre-
quency of the device, and only if frequency stability at start-up is not important for the
application. These options are not suitable for crystals.

2. These options are intended for use with ceramic resonators and will ensure fre-
quency stability at start-up. They can also be used with crystals when not operating
close to the maximum frequency of the device, and if frequency stability at start-up is
not impertant for the application.



Low-frequency Crystal
Oscillator

External RC Oscillator

To use a 32.768 kHz watch crystal as the clock source for the device, the Low-fre-
quency Crystal Oscillator must be selected by setting the CKSEL fuses to *1001". The
crystal should be connected as shown in Figure 12. By programming the CKOPT Fuse,
the user can enable internal capacitors on XTAL1 and XTAL2, thereby removing the
need for external capacitors. The internal capacitors have a nominal value of 36 pF.
Refer to the 32 kHz Crystal Oscillator application note for details on Oscillator operation
and how to choose appropriate values for C1 and C2.

When this Oscillator is selected, start-up times are determined by the SUT fuses as
shown in Table 8.

Table 6. Start-up Times for the Low-frequency Crystal Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset
SUT1.0 Power-save (Voo = 5.0V) Recommended Usage
00 1K CK! 4.1ms Fast rising power or BOD enabled
01 1K cK 85 me Slowly rising power
10 32K CK 85 ms Stable frequency at start-up
1" Reserved

MNote: 1. These options should only be used if frequency stability at start-up is not important for
the application.

For timing insensitive applications, the external RC configuration shown in Figure 13
can be used. The frequency is roughly estimated by the equation f = 1/{23RC). C should
be at least 22 pF. By programming the CKOPT Fuse, the user can enable an intemal
26 pF capacitor between XTAL1 and GND, thereby removing the need for an external
capacitor. For more information on Oscillator operation and details on how to choose R
and C, refer to the External RC Oscillator application note.

Figure 13. External RC Configuration
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The Oscillator can operate in four different modes, each optimized for a specific fre-
quency range. The operating mode is selected by the fuses CKSEL3..0 as shown in
Tabla 7.



Calibrated Internal RC
Oscillator

Table 7. Extemnal RC Oscillator Operating Modes

CKSEL3..0 Frequency Range (MHz)
o101 =09
0110 09-3.0
011 3.0-8.0
1000 8.0-12.0

When this Oscillator is selected, start-up times are determined by the SUT fuses as
shown in Table 8.

Table 8. Start-up Times for the External RC Oscillator Clock Selection

Start-up Time from | Additional Delay
Power-down and from Reset
SUT1.0 Power-save {Vee = 5.0V) Recommended Usage
o0 18 CK - BOD enabled
o1 18 CK 4.1 ms Fast rising power
10 18 CK 65 ms Slowly rising power
11 6 CKIT 4.1 ms Fast rising power or BOD enabled

Note: 1. This option should not be used when operating close to the maximum frequency of
the device.

The Calibrated Internal RC Oscillator provides a fixed 1.0, 2.0, 4.0, or 8.0 MHz clock. All
frequencies are nominal values at 5V and 25°C. This clock may be selected as the sys-
tem clock by programming the CKSEL fuses as shown in Table 9. If selectad, it will
operate with no external components. The CKOPT Fuse should always be unpro-
grammed whan using this clock option. During Reset, hardware loads the calibration
byte into the OSCCAL Register and thereby automatically calibrates the RC Oscillator.
At BV, 25°C and 1.0 MHz Oscillator frequency selacted, this calibration gives a fre-
quency within + 1% of the nominal frequency. When this Oscillator is used as the Chip
Clock, the Watchdog Oscillator will still be used for the Watchdog Timer and for the
reset time-out. For more information on the pre-programmed calibration value, see the
section “Calibration Byte" on page 256.

Table 9. Internal Calibrated RC Oscillator Operating Modes

CKSEL3..0 Nominal Frequency (MHz)
o0o1™ 1.0
0010 2.0
0011 4.0
0100 8.0

Note: 1. The device is shipped with this option selectad.



When this Oscillator Is selected, start-up times are determined by the SUT fuses as
shown in Table 10. XTAL1 and XTAL2 should be left unconnected (NC).

Table 10. Start-up Times for the Internal Calibrated RC Oscillator Clock Selection

Start-up Time from Acdlditional Delay
Power-down and from Reset
SUT1.0 Power-save (Ve = 5.0V) Recommended Usage
o0 6 CK - BOD enabled
o1 6 CK 4.1 ms Fast rising power
100 6CK 65 ms Slowly rising power
1" Reserved
Mote: 1. The device is shipped with this option selected.
Osclllator Calibration Register
- OSCCAL Bit 7 8 5 4 3 2 1 0
| cawz CALS CALS | CAL4 | CAL3 | CAL2 CAL1 CALD I OSCCAL
ReadWrits RAW I RIW RW RW RAW RAW RAW
Initial Value Devica Specific Calibration Valus

+ Bits 7..0 — CAL7..0: Osclllator Calibration Value

Writing the calibration byte to this address will trim the Intemal Oscillator to remaove pro-
cess variations from the Oscillator frequency. This is done automatically during Chip
Reset. When OSCCAL is zero, the lowest available frequency is chosen. Writing non-
zaro values to this register will increase the frequency of the Internal Oscillator. Writing
$FF to the register gives the highest available frequency. The calibrated Oscillator is
used to time EEPROM and Flash access. It EEPROM or Flash is written, do not cali-
brate to more than 10% above the nominal frequency. Otherwise, the EEPROM or Flash
write may fail. Note that the Oscillator is intended for calibration te 1.0, 2.0, 4.0, or
8.0 MHz. Tuning to other values is not guarantead, as indicated in Table 11.

Table 11. Internal RC Oscillator Frequency Range.

OSCCAL Value

Min Frequency in Percentage of
Nominal Frequency (%)

Max Frequency in Percentage of

Nominal Frequency (%)

%00 50 100
$7F 75 150
$FF 100 200




External Clock

Timer/Counter Oscillator

System Control and
Reset

Resetting the AVR

Reset Sources

To drive the device from an external clock source, XTAL1 should be driven as shown in
Figure 14. To run the device on an external clock, the CKSEL fuses must be pro-
grammed to *0000", By programming the CKOPT Fuse, the user can enable an internal
36 pF capacitor between XTAL1 and GND.

Figure 14. External Clock Drive Configuration
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When this clock source is selected, start-up timas are determined by the SUT fuses as
shown in Table 12.

Table 12. Start-up Times for the External Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset
SUT1..0 Power-save (Ve =5.0V) Recommended Usage
0o 6 CK - BCD enabled
01 6 CK 4.1ms Fast rising power
10 6 CK 65 ms Slowly rising power
1" Reserved

For AVR microcontrollers with Timer/Counter Oscillator pins (TOSC1 and TOSC2), the
crystal is connected directly between the pins. No external capacitors are needed. The
Oscillator is optimized for use with a 32.768 kHz watch crystal. Applying an external
clock source to TOSCH is not recommended.

During Reset, all IO Registers are set to their initial values, and the program starts exe-
cution from the Reset Vector. The instruction placed at the Reset Vector must be a JMP
— absolute jump — instruction to the reset handling routine. If the program naver enables
an interrupt source, the Interrupt Vectors are not used, and regular program code can
be placed at these locations. This is also the case if the Reset Vector is in the Applica-

t

ion section while the Interrupt Vectors are in the Boot section or vice versa. The circuit

diagram in Figure 15 shows the reset logic. Table 15 defines the elsctrical paramsters of
the reset circuitry.

The /O ports of the AVR are immediately reset to their initial state when a reset source
goes active. This does not require any clock source to be running.

After all reset sources have gone inactive, a delay counter is invoked, stretching the
Internal Reset. This allows the power to reach a stable level before normal operation
starts. The time-out period of the delay counter is defined by the user through the
CKSEL Fuses. The different selections for the delay period are presented in “Clock
Sources” on page 23.

The ATmegalé has five sources of reset:

Power-on Reset. The MCU is reset when the supply voltage is below the Power-on
Reset threshold (Vpgr)-

External Reset. The MCU is reset when a low level is present on the RESET pin for
lenger than the minimum pulse length.

Watchdog Reset. The MCU is reset when the Watchdog Timer period expires and
the Watchdog is enabled.

Brown-out Beset. The MCU is reset when the supply voltage Vg is below the
Brown-out Reset thrashold (Vgg) and the Brown-out Detector is enabled.

JTAG AVR Reset. The MCU is reset as long as there is a logic one in the Reset
Register, one of the scan chains of the JTAG system. Refer to the section “IEEE
1149.1 (JTAG) Boundary-scan” on page 222 for details.
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Table 15. Reset Characteristics
Symbwol | Parameter Condition Min Typ Max Units
Power-on Reset
Thresheld Voltage (rising) 14 23 v
Veor Power-on Reset
Thresheld Voltage 1.3 23 v
{falling)™
RESET Pin Threshold
VRst Voltage 0.2 Ve 0.85V¢c v
Minimum pulse width on
'rsT | RESET Pin 50 ne
v Brown-out Reset BODLEVEL =1 25 2.7 32 v
(=]}
BoT | Threshold Valtage BODLEVEL=0| 37 | 40 | 42
Minimum low voltage BODLEVEL =1 2 Hs
tgop petiod for Brown-out
Detection BODLEVEL =0 2 us
Brown-out Detector
iyt hysteresis 50 mv
Notes: 1. The Power-on Reset will not work unless the supply voltage has been below Vpat
(falling).
2. Vgor may be below nominal minimum operating voltage for some devices. For

devices where this is the case, the device is tested down to Vap = Vgt during the
production test. This guarantees that a Brown-out Reset will occur before Vi drops
to a voltage where correct operation of the microcontroller is no longer guaranteed.
The test is performed using BODLEVEL = 1 for ATmegaléL and BODLEVEL = O for
ATmegal6. BODLEVEL = 1 is not applicable for ATmegal6.




Power-on Reset

External Reset

A Power-on Reset (POR) pulse is generated by an On-chip detection circuit. The detec-
tion level is defined in Table 15. The POR Is activated whenever V. is below the
detection level. The POR circult can be used to trigger the Start-up Reset, as well as to
detect a failure in supply voltage.

A Power-on Reset (POR) circuit ensures that the device is reset from Power-on. Reach-
ing the Power-on Reset threshold voltage invokes the delay counter, which determines
how long the device is kept in RESET after Vq- rise. The RESET signal is activated
again, without any delay, when V. decreases below the detection level.

Figure 16. MCU Start-up, RESET Tied to V..
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Figure 17. MCU Start-up, RESET Extended Externally
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An External Reset is generated by a low level on the RESET pin. Reset pulses longer
than the minimum pulse width (see Table 15) will generate a reset, even if the clock is
not running. Shorter pulses are not guaranteed to generate a reset. When the applied
signal reaches the Reset Thrashold Voltage — Vpgr — on Its positive edge, the delay
counter starts the MCU after the Time-out period tyqr has expired.




Brown-out Detectlon

Watchdog Reset

Figure 18. External Reset During Operation
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ATmegal6 has an On-chip Brown-out Detection (BOD) circuit for menitoring the Vo
level during operation by comparing it to a fixed trigger level. The trigger lavel for the
BOD can be selected by the fuse BODLEVEL to be 2.7V (BODLEVEL unprogrammed),
or 4.0V (BODLEVEL programmed). The trigger level has a hysteresis to ensure spike
free Brown-out Detection. The hysteresis on the detection level should be interpreted as
VeoTs = Veor + Vuyst2 and Veor. = Veor - Vigyar/2.

The BOD circuit can be enabled/disabled by the fuse BODEN. When the BOD is
enabled (BODEN programmed), and Ve decreases to a value below the trigger level
(Vgor. In Figure 19), the Brown-out Reset is immediately activated. When V, increases
above the trigger level (Vgor, in Figure 19), the delay counter starts the MCU after the
Time-out period tro r has expired.

The BOD circuit will only detect a drop in Ve if the voltage stays below the trigger level
for longer than ty o, given in Table 15.

Figure 19. Brown-out Reset During Operation
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When the Watchdog times out, it will generate a short reset pulse of one CK cycle dura-
tion. On the falling edge of this pulse, the delay timer starts counting the Time-out period
trour. Refer to page 39 for details on operation of the Watchdog Timer.

Figure 20. Watchdog Reset During Operation
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/O Ports

Introduction

All AVR ports have true Read-Modify-Write functionality when used as general digital
110 ports. This means that the direction of one port pin can be changed without uninten-
tionally changing the direction of any other pin with the SBI and CBI instructions. The
same applies when changing drive value (if configured as output) or enablingdisabling
of pull-up resistors (if configured as input). Each output buffer has symmetrical drive
characteristics with both high sink and source capability. The pin driver is strong enough
to drive LED displays directly. All port pins have individually selectable pull-up resistors
with a supply-voltage invariant resistance. All IO ping have protection diodes to both
Ve @and Ground as indicated in Figure 22. Refer to *Electrical Characteristics” on page
285 for a complete list of parameters.

Figure 22. IO Pin Equivalent Schematic
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All registers and bit references in this section are written in general form. A lower case
“¥" represents the numbering letter for the port, and a lower case “n” represents the bit
number. However, when using the register or bit defines in a program, the precise form
must be used. i.e., PORTB3 for bit no. 3 in Port B, here documented generally as
PORTxn. The physical 'O Registers and bit locations are listed in “Register Description
for If0 Ports” on page 62.

Three YO memory address locations are allocated for each port, one each for the Data
Register — PORTx, Data Direction Register — DDRx, and the Port Input Pins — PINx. The
Part Input Pins 1/O location is read only, while the Data Register and the Data Direction
Reqgister are readfwrite. In addition, the Pull-up Disable — PUD bit in SFIOR disables the
pull-up function for all ping in all ports when set.

Using the 17O port as General Digital I/0 is described in “Ports as General Digital 110" on
page 48. Most port pins are multiplexed with alternate functions for the peripheral fea-
tures on the device. How each alternate function interferes with the port pin is described
in “Alternate Port Functions” on page 52. Refer to the individual module sections for a
full description of the alternate functions.

MNote that enabling the alternate function of some of the port pins does not affect the use
of the other ping in the port as general digital /O,



Ports as General Digital

o

Configuring the Pin

The ports are bi-directional 'O ports with optional internal pull-ups. Figure 23 shows a
functional description of one VO-port pin, here generically called Pxn.

Figure 23. General Digital /01"
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Mote: 1. WPx, WDx, RRx, RPx, and RDx are common to all pins within the same port. clk;,
SLEEP, and PUD are common to all ports.

Each port pin consists of three register bits: DDxn, PORTxn, and PINxn. As shown in
“Register Description for V'O Ports” on page 62, the DDxn bits are accessed at the DDRx
170 address, the PORTxn bits at the PORTx YO address, and the PINxn bits at the PINx
IFO address.

The DDxn bit in the DDRx Register selects the direction of this pin. If DDxn is written
logic one, Pxn is configured as an output pin. If DDxn is written logic zero, Pxn is config-
ured as an input pin.

If PORTxn is written logic one when the pin is configured as an input pin, the pull-up
resistor is activated. To switch the pull-up resistor off, PORTxn has to be written logic
Zero or the pin has to be configured as an output pin. The port pins are tri-stated when a
reset condition becomes active, even if no clocks are running.

If PORTxN is written logic one when the pin is configured as an output pin, the port pin is
driven high (one). If PORTxn is written logic zero when the pin is configured as an out-
put pin, the port pin is driven low (zero).

When switching between tri-state ({DDxn, PORTxn} = 0b00) and output high ({DDxn,
PORTxN} = Ob11), an intermediate state with either pull-up enabled ({DDxn, PORTxN} =
0b01) or output low ({DDxn, PORTxn} = 0b10) must occur. Normally, the pull-up



Reading the Pin Value

enabled state is fully acceptable, as a high-impedant environmeant will not notice the dif-
ference between a strong high driver and a pull-up. If this is not the case, the PUD bit in
the SFIOR Register can be set to disable all pull-ups in all ports.

Switching between input with pull-up and oufput low generates the same problem. The
user must use either the tri-state ({DDxn, PORTxn} = 0b00) or the output high state
({DDxn, PORTxN} = 0b11) asg an intermediate step.

Table 20 summarizes the control signals for the pin value.

Table 20. Port Pin Configurations

PUD
DDxn | PORTxn | (in SFIOR) 1] Pull-up | Comment

0 0 X Input No Tri-state (Hi-Z)
Pxn will source cumrant if ext. pullad
o] 1 o] Input Yos I,
0 1 1 Input No Tri-state (Hi-Z)
1 0 X Output Mo Output Low (Sink)
1 1 x Output Mo Output High (Source)

Independent of the setting of Data Direction bit DDxn, the port pin can be read through
the PIMxn Register bit. As shown in Figure 23, the PINxn Register bit and the preceding
latch constitute a synchronizer. This is needed to avoid metastability if the physical pin
changes value near the edge of the internal clock, but it also introduces a delay. Figure
24 shows a timing diagram of the synchronization when reading an externally applied
pin value. The maximum and minimum propagation delays are denoted thy e, 8nd thg min
respectively.

Figure 24. Synchronization when Reading an Externally Applied Pin Value
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Consider the clock period starting shortly after the first falling edge of the system clock.
The latch is closed when the clock is low, and goes transparent when the clock is high,
as indicated by the shaded region of the "SYNC LATCH" signal. The signal value is
latched when the system clock goes low. It is clocked into the PINxn Register at the



succeeding positive clock edge. As indicated by the two arrows tpg pa, and tog m,. a
single signal transition on the pin will be delayed between 1 and e system clock
period depending upon the time of assertion.

When reading back a software assigned pin value, a nop instruction must be inserted as
indicated in Figure 25. The out instruction sets the "SYNC LATCH" signal at the positive
edge of the clock. In this case, the delay {4 through the synchronizer is one system
clock period.

Figure 25. Synchronization when Reading a Software Assigned Pin Valus
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External Interrupts

MCU Control Register —
MCUCR

The External Interrupts are triggered by the INTO, INT1, and INTZ pins. Observe that, if
enabled, the interrupts will trigger even if the INTO0..2 pins are configured as outputs.
This feature provides a way of generating a software interrupt. The external interrupts
can be triggered by a falling or rising edge or a low level (INT2 is only an edge friggered
interrupt). This is set up as indicated in the specification for the MCU Control Register —
MCUCH — and MCU Control and Status Register — MCUCSR. When the external inter-
rupt is enabled and is configured as level triggered {only INTOAMNTA), the interrupt will
trigger as long as the pin is held low. Note that recognition of falling or rising edge inter-
rupts on INTO and INT1 requires the presence of an I/O clock, described in “Clock
Systems and their Distribution™ on page 22. Low level interrupts on INTO/ANTA and the
edge interrupt on INT2 are detected asynchronously. This implies that these interrupts
can be used for waking the part also from sleep modes other than Idle mode. The IfO
clock is halted in all sleep modes except Idle mode.

Note that if a level triggered interrupt is used for wake-up from Power-down mode, the
changed level must be held for some time to wake up the MCLU. This makes the MCU
less sensitive to noise. The changed level is sampled twice by the Watchdog Oscillator
clock. The period of the Watchdog Oscillator is 1 ps (nominal) at 5.0V and 25°C. The
frequency of the Watchdog Oscillator is voltage dependent as shown in "Electrical Char-
acteristics” on page 285, The MCU will wake up if the input has the required level during
this sampling or if it is held until the end of the start-up time. The start-up time is defined
by the SUT fuses as described in “System Clock and Clock Options” on page 22. If the
level is sampled twice by the Watchdog Oscillator clock but disappears before the end
of the start-up time, the MCU will still wake up, but no interrupt will be generated. The
required level must be held long enough for the MCU to complete the wake up to trigger
the level interrupt.

The MCLU Control Register contains control bits for interrupt sense control and general
MCU functions.

Eit 7 ] 5 4 3 2 1 o

L L O O O L L e L Wt
ReadWite  EOW  WW_ RW AW RW AW W AW
Initial Valus 0 o ] o o o o o

+ Bit 3, 2 —1SC11, ISC10: Interrupt Sense Control 1 Bit 1 and Bit0

The External Interrupt 1 is activated by the external pin INT1 if the SREG |-bit and the
corresponding interrupt mask in the GICR are set. The level and edges on the external
INT1 pin that activate the interrupt are defined in Table 34. The value on the INT1 pin is
sampled before detecting edges. If edge or toggle interrupt is selected, pulses that last
longer than one clock period will generate an interrupt. Shorter pulses are not guaran-
teed to generate an interrupt. If low level interrupt is selected, the low level must be held
until the completion of the currently executing instruction to generate an interrupt.

Table 34, Interrupt 1 Sense Control
1SCA1 ISC10 | Description

0 4] The low level of INT1 generates an intermupt regquest.
4] 1 Any logical change on INT1 generates an interrupt request.
1 4] The falling edge of INT1 generates an interrupt request.

1 1 The rising edge of INT1 generates an intarrupt request.




MCU Control and Status
Register - MCUCSR

General Interrupt Control
Register — GICR

= Bit1, 0 —I1SC0, 1SC00: Interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt 0 is activated by the external pin INTO if the SREG I-flag and the
corresponding interrupt mask are set. The level and edges on the external INTO pin that
activate the interrupt are defined in Table 35. The value on the INTQ pin is sampled
before detecting edges. If edge or toggle interrupt is selected, pulses that last longer
than one clock period will generate an interrupt. Shorter pulses are not guaranteed to
generate an interrupt. If low level interrupt is selected, the low level must be held until
the completion of the currently executing instruction to generate an interrupt.

Table 35. Interrupt 0 Sense Control

15C01 ISC00 | Description
[} 4] The low level of INTO generates an internupt request.
[} 1 Any logical change on INTO generates an interrupt reguest.
1 (4] The falling edge of INTO genarates an interrupt requeast.
1 1 The rising edge of INTO genarates an interupt request.
Eit 7 & 5 4 3 2 1 o
[T e | = ] T | WORr | Homr | X ronr J wcucsn
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Initid Valuz a s} o Se Bit Descripion

» Bit6 - ISC2: Interrupt Sense Control 2

The Asynchronous External Interrupt 2 is activated by the external pin INT2 if the SREG
|-hit and the corresponding interrupt mask in GICR are set. If ISC2 is written to zero, a
falling edge on INTZ activates the interrupt. If 1SC2 is written to one, a rising edge on
INT2 activates the interrupt. Edges on INT2 are registered asynchronously. Pulses on
INT2 wider than the minimum pulse width given in Table 36 will generate an interrupt.
Shorter pulses are not guaranteed to generate an interrupt. When changing the 1SC2
bit, an interrupt can occur. Therefore, it is recommended to first disable INT2 by clearing
its Interrupt Enable bit in the GICR Register. Then, the ISC2 bit can be changed. Finally,
the INT2 Interrupt Flag should be cleared by writing a logical one to its Interrupt Flag bit
{INTF2) in the GIFR Register before the interrupt is re-enabled.

Table 36. Asynchronous External Interrupt Characteristics

Symbol | Parameter Condition | Min | Typ | Max | Units
Minimurm pulse width for
. 50 ns
i asynchronous extemal interrupt
Eit 7 & & 4 3 2 1 o
[ ] wme ] mie | - 1 - 1 - | WseL ]| Wce ] GicR
Read/Writs R RAW RAW R R R RAY RW
Initisl Valus o o -] i a 0 0 o

» Bit 7 - INT1: External Interrupt Request 1 Enable

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control1 bits 1/0 (1ISC11 and



General Interrupt Flag
Register — GIFR

1SC10) in the MCU General Control Register (MCUCR) define wheather the External
Interrupt is activated on rsing and/or falling edge of the INT1 pin or level sensed. Activity
on the pin will cause an interrupt request even if INT1 is configured as an output. The
corresponding interrupt of External Interrupt Request 1 is executed from the INTT inter-
rupt Vector.

+ Bit 6 — INTO: External Interrupt Request 0 Enable

When the INTO bit is set (ong) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control( bits 1/0 {(ISC01 and
ISC00) in the MCU General Control Register (MCUCH) define whether the External
Interrupt is activated on rising and/or falling edge of the INTO pin or level sensed. Activity
on the pin will cause an interrupt request even if INTO is configured as an ocutput. The
corresponding interrupt of External Interrupt Request 0 is executed from the INTO inter-
rupt vector.

+ Bit5— INT2: External Interrupt Request 2 Enable

When the INT2 bit is set (one) and the I-bit in the Status Register (SREG) is set (one],
the external pin interrupt is enabled. The Interrupt Sense Control2 bit (ISC2) in the MCU
Control and Status Register (MCUCSR) defines whether the External Interrupt is acti-
vated on rising or falling edge of the INT2 pin. Activity on the pin will cause an interupt
request even if INT2 is configured as an output. The corresponding interrupt of External
Interrupt Request 2 is executed from the INT2 Interrupt Vector.

Eit T & B 4 3 2 1 o
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+ Bit 7—INTF1: External Interrupt Flag 1

When an edge or logic change on the INT1 pin triggers an interrupt request, INTF1
becomes set (one). If the |-bit in SREG and the INT1 bit in GICR are set (one), the MCU
will jump to the corresponding Interrupt Vector. The flag is cleared when the interrupt
routine is executed. Alternatively, the flag can be cleared by writing a logical one to it.
This flag is always cleared when INT1 is configured as a level interrupt.

+ Bit 6 — INTF0: External Interrupt Flag 0

When an edge or logic change on the INTO pin triggers an interrupt request, INTFO
becomes set (one). If the |-bit in SREG and the INTO bit in GICR are set (one), the MCU
will jump to the corresponding interrupt vector. The flag is cleared when the interrupt
routing is executed. Alternatively, the flag can be cleared by writing a logical one to it.
This flag is always cleared when INTO is configured as a level interrupt.

+ Bit5—INTF2: External Interrupt Flag 2

When an event on the INT2 pin triggers an interrupt request, INTF2 becomes set (one).
If the: I-bit in SREG and the INTZ bit in GICR are set (ong), the MCLU will jump to the cor-
responding Interrupt Vector. The flag is cleared when the interrupt routine is executed.
Alternatively, the flag can be cleared by writing a logical one to it. Note that when enter-
ing some sleep modes with the INT2 interrupt disabled, the input buffer on this pin will
be disabled. This may cause a logic change in internal signals which will set the INTF2
flag. See "Digital Input Enable and Sleep Modes” on page 51 for more information.
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LCD-016M002B

16 X 2 Character LCD

Vishay

FEATURES

oy BIUIHLELEEILEURR

3 « 5x B dots with cursor

« Built-in controller (KS 0066 or Equivalent)

« + 5V power supply (Also available for + 3V)

« 1/16 duty cycle

£
L
@

[ « B/L to be driven by pin 1, pin 2 or pin 15, pin 16 or A.K (LED)

« N.V. optional for + 3V power supply

MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL STANDARD VALUE UNIT
Module Dimension 80.0 x 36.0 mm MIN. | TYP. | MAX.
Viewing Area 66.0 x 16.0 mm Power Supply | VDD-VSS | -03 | - 7.0
Dot Size 0.56 x 0.66 mm Input Voltage Vi .03 _ VDD
Character Size 26 X658 mn NOTE: VSS = 0 Volt, VDD = 5.0 Voit
ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP. MAX.
Input Voltage VDD VDD =+ 5V 4.7 5.0 5.3
VDD =+ 3V 2.7 3.0 5.3 vV
Supply Current DD VDD = 5V - 1.2 3.0 mA
-20°C - - -
Recommended LC Driving VDD - Vo 0°C 4.2 4.8 5.1 v
Voltage for Mormal Temp. 25°C 3.8 4.2 46
Version Module 50°C 3.6 4.0 4.4
70°C - - -
LED Forward Voltage VF 25°C - 4.2 46 v
LED Forward Current IF 25°C | Array - 130 260 mA
Edge - 20 40
EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA
DISPLAY CHARACTER ADDRESS CODE:
Display Position 1 2 3 4 5 ] 7 =] 9 10 11 12 13 14 15 16
0D RAM Adsrees (o0 Tor [ [ [ | [ | [ T [ [ [ [ [ [o]
DDRAMAddress | 40 [ 41 | | [ [ [ [ [ ] [ [ [ T TaF]




LCD-016M002B

Vishay 16 x 2 Character LCD
PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vdd + 3V or + 5V
3 Vo Contrast Adjustment
4 RS H/L Register Select Signal
5 RW H/L Read/MWrite Signal
3] E H —L Enable Signal
7 DBo H/L Data Bus Line
8 DB1 H/L Data Bus Line
9 DB2 H/L Data Bus Line
10 DBE3 H/L Data Bus Line
1 DB4 H/L Data Bus Line
12 DES H/L Data Bus Line
13 DBE6 H/L Data Bus Line
14 DET H/L Data Bus Line
15 ANee + 4.2V for LED/Negative Voltage Output
16 K Power Supply for B/L (OV)
DIMENSIONS in millimeters
B0.0£05
4.95 7.2 -
7.55 66.0 (VA)
. | 12.45_ 56.2 (AA) -
8| ¥ e 8.0 P2.54* 15 = 38.1 H1 MAX .7 MAX
o w| N = W wy T —
wloa T - 3.0 |1.8 16 @ 1.0 PTH ™ o H2 o l_ 5.1
1 I
.
31 [ e o 0 A o 9—1
P K iNE
HINEE # -
2l alz 2 gl g 1o
o N el vl &b n | |
MREE V=i L
| |
a1 y
P4 Wy
4@1.0/ Ll 4055 40 2.5PTH 1.6 1.6
2.5 J l___ 75.0 4@ 5.0PAD EL ORNO BIL
LED - H/L B/L
HIGH LOW
H1 13.2 121
Hz2 8.6 7.5
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L7800 series

Positive voltage regulators

Features

m Output current to 1.5A
m Output voltages of 5; 5.2; 6; 8; 8.5; 9; 10; 12;
15;18; 20; 24V

® Thermal overload protection
B Short circuit protection
m Output transition SOA protection

Description

The L7800 series of three-terminal positive
regulators is available in TO-220, TO-220FF, TO-3
and DPPAK packages and several fixed output
voltages, making it useful in a wide range of
applications. These regulators can provide local
on-card regulation, eliminating the distribution
problems associated with single point regulation.
Each type employs internal current limiting,
thermal shut-down and safe area protection,
making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A
output current. Although designed

Schematic diagram

D2PAK

primarily as fixed voltage regulators, these
devices can be used with external compenents to
obtain adjustable voltage and currents.

i SERIES Yo
e PASS e}
ELEMENT
CURRENT S04
GEMERATOR PROTECTION I:I
STARTING REFERENCE ERROR
CIRCUIT VOLTAGE AMPLIFIER
THERMAL
PROTECTION
l GND
. .




L7800 series Pin configuration

1 Pin configuration

Figure 1.  Pin connections (top view)

1 QUTPUT [ — 1 ()
(:_} = T GROUND (:_} [ GROUND
| 3 INPUT | INPUT
CRASTI0 CEOSTO0
TO-220 TO220FP
Ly := T
—— OUTPUT // .N
GND ] O o)
1 INPUT \‘,
PC11820 - T
D’PAK (Any Type) To-3

Figure 2. Schematic diagram
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Maximum ratings L7800 series
2 Maximum ratings
Table 1. Absolute maximum ratings
Symbaol Parameter Value Unit
for Vo= 5to 18V 35
Wy DT Input voltage v
far Vo= 20, 24V 40
o Cutput current Internally Limnitac
Po Power dissipation Internally Limitad
TsTg Storage temperature range -85 to 150 °C
for LYB0O0 -55to 150
Top Operating junction tamperature range °c
for LT800C Oto 150
Note: Absolute Maximum Ratings are those values beyond which damage to the device may
oocur. Functional operation under these condition is not implied
Table 2. Thermal Data
Symbol Parameter D?PAK TO-220 TO-220FP TO-3 Unit
Ryyz | Themal resistance junction-case 3 5 5 4 AW
Rjga | Themnal resistance junction-ambiant 62.5 50 60 35 “CW
Figure 3. Application circuits
Vi L78XX Vo
C,=0.35uF Co=0.1uF

T T

1 CEIsF0




L7800 series Test circuits
3 Test circuits
Figure 4. DC Parameter
Vi L78XX Vo
C, =0.33uF T T Co=0.1TpuF
—1 CSE5EE0
Figure 5. Load regulation
Yi L78XX o Vo
Ru  270pF
0.33uF — v,
ZNE121 oW
o Eq. 1000 30us
o o
— CEZH2N0
Figure 6. Ripple rejection
5.10
1O [t i L7BXX Vo
Ry
-F] S3uF
o .- + 0
1 20Hz 4:”:']'”- CEI5240




Electrical characteristics

L7800 series

4 Electrical characteristics
Table 3. Electrical characteristics of L7806 (refer to the test circuits, T) =-55 10 150°C, V| = 10V, |5
=500 mA, C) = 0.33 pF, Cg = 0.1 pF unless otherwise specified)
Symbol Parameter Test conditions Min. Typ. Max. Unit
Vo Cutput voltage Ty=25°C 4.8 =] 5.2 W
Iy = 5mA to 14, Po =15W
Vo Cutput voltage V) = 8 to 20V 465 5 5.35 v
" W =Tto 25V, T = 25°C 3 50
A" | Line regulation v
V=810 12V, T, = 25°C 1 25
" lop=5mA to 1.64, T)=25°C 100
AV [ Load regulation v
lgy = 250 to 7T50mA, T = 25°C 25
Iy CQuiescant current T,=25°C 6 ma
Iy = 5mA to 14 0.5
Aly Cuiescant curent change ma,
V=8t 25V 0.8
Ao AT | Cutput voltage drift Iy = 5mA 0.6 miec
aM Cutput noise voltage B =10Hz to 100KHz, T, = 25°C 40 WV NV
SVR Supply voltage rejection V) =8to 18V, f=120Hz &8 dB
Wy Dropout voltage lo=1A, T)=25°C 2 25 W
Ro Cutput resistance f=1KHz 17 mil
les Short circuit current W =38V, T, =25°C 0.75 1.2 A
lacp Short circuit peak cument | T, = 25°C 1.3 2.2 a3 A

1. Load and line regulation are spacified at constant junction temperature. Changes in Vg due to heating effects must be
taken into account separataly. Pulse testing with low duty cycle is used,
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PAD 40
PAT 39
PA2 38
PA3 37
PA4 36
PAS 35
PAS 34
PAT 33
AREF 32
GND 1
AVCC 30
PC7 29
PCs 28
PCS 27
PC4 26
PC3 25
PC224
PC1 23
PCO 22
PO7 21

UL e rrererrrrrerrrernrni

PR0

PB1

PB2

o83

PB4 LCD

PRE A5 35

PBEA PAS M4

PB7 PAT N
§ REEET BREF 12
10 VeC GhD 31
11 GND AVCC 30
12 XTALZ FCT 29
13 XTAL1 pea 28
14 FOO pos 27 | [E ]
15 PO Fea 28 ——0%)
16 PO2 il = S— Y
17 FD3 poadd F DF ]
18 PD4 PC123 -%
18 PDS Pop 2
20 FD8 For21 0
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