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This program was produced by the

CodeWizardAVR V2.05.0 Professional

Automatic Program Generator

© Copyright 1998-2010 Pavel Haiduc, HP InfoTech s.r.1.
http://www.hpinfotech.com

Project :
Version :
Date :7/10/2014
Author : NeVaDa

Company :

Comments:

Chip type : ATmegal6
Program type : Application

AVR Core Clock frequency: 11.059200 MHz
Memory model : Small

External RAM size 10
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Data Stack size 1128
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#include <megal6.h>
#include <stdlib.h>
#include <delay.h>

/I Alphanumeric LCD Module functions

#include <alcd.h>

/] Declare your global variables here
unsigned char buff[16];

float v;

void main(void)

{

/] Declare your local variables here

// ITnput/Output Ports initialization
// Port A initialization
// Func7=In Func6=In Func5=In Func4=In Func3=In

Func2=In Funcl=In FuncO=In
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/I State7=T State6=T State5=T State4=T State3=T State2=T
State1=T StateO=T

PORTA=0x00;

DDRA=0x00;

// Port B initialization

// Func7=In Func6=In Func5=In Func4=In Func3=In
Func2=In Funcl=In FuncO=In

// State7=T State6=T State5=T State4=T State3=T State2=T
State1=T StateO=T

PORTB=0x00;

DDRB=0x00;

// Port C initialization

/I Func7=In Func6=In Func5=In Func4=In Func3=In
Func2=In Func1=In FuncO=In

/I State7=T State6=T State5=T State4=T State3=T State2=T
State1=T StateO=T

PORTC=0x00;

DDRC=0x00;

// Port D initialization
// Func7=In Func6=In Func5=In Func4=In Func3=In

Func2=In Funcl=In FuncO=In
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/I State7=T State6=T State5=T State4=T State3=T State2=T
State1=T StateO=T

PORTD=0x00;

DDRD=0x00;

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

// OCO output: Disconnected
TCCRO=0x00;

TCNTO0=0x00;

OCRO0=0x00;

// Timer/Counter 1 initialization

/I Clock source: T1 pin Falling Edge
// Mode: Normal top=0xFFFF

// OC1A output: Discon.

// OC1B output: Discon.

/I Noise Canceler: Off

// ITnput Capture on Falling Edge

// Timer1 Overflow Interrupt: Off

// Input Capture Interrupt: Off

// Compare A Match Interrupt: Off



// Compare B Match Interrupt: Off
TCCR1A=0x00;
TCCR1B=0x06;
TCNT1H=0x00;
TCNT1L=0x00;
ICR1H=0x00;
ICR1L=0x00;
OCR1AH=0x00;
OCRI1AL=0x00;
OCRI1BH=0x00;
OCRI1BL=0x00;

// Timer/Counter 2 initialization
/I Clock source: System Clock
/I Clock value: Timer2 Stopped
// Mode: Normal top=0xFF

// OC2 output: Disconnected
ASSR=0x00;

TCCR2=0x00;

TCNT2=0x00;

OCR2=0x00;

/! External Interrupt(s) initialization

/I INTO: Off
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/I INT1: Off

/I INT2: Off
MCUCR=0x00;
MCUCSR=0x00;

/! Timer(s)/Counter(s) Interrupt(s) initialization

TIMSK=0x00;

// USART initialization
// USART disabled
UCSRB=0x00;

/I Analog Comparator initialization

/I Analog Comparator: Off

/I Analog Comparator Input Capture by Timer/Counter 1: Off
ACSR=0x80;

SFIOR=0x00;

// ADC initialization
// ADC disabled
ADCSRA=0x00;

// SPI initialization

// SPI disabled
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SPCR=0x00;

// TWI initialization
// TWI disabled
TWCR=0x00;

/I Alphanumeric LCD initialization
/I Connections specified in the

/I ProjectlConfigurelC CompilerlLibraries|Alphanumeric LCD
menu:

/I' RS - PORTC Bit 0

/I RD - PORTC Bit 1

/I EN - PORTC Bit 2

// D4 - PORTC Bit 4

/I D5 - PORTC Bit 5

/I D6 - PORTC Bit 6

/I D7 - PORTC Bit 7

/I Characters/line: 16

lcd_init(16);

Icd_clear();

led_gotoxy(0,0);

led_putsf(" Anemometer");
led_gotoxy(0,1);

led_putsf("By Megan");



delay_ms(5000);

while (1)
{
// Place your code here
TCNT1H=0x00;
TCNT1L=0x00;
TCCR1A=0x00;
TCCR1B=0x06;
delay_ms(1000);
TCCR1B=0;
v=((float)0.5652*TCNT1);
ftoa(v,2,buff);
Icd_clear();
led_gotoxy(0,0);
led_putsf(" Anemometer");
led_gotoxy(0,1);
led_putsf("v=");
led_puts(buff);
led_putsf(" km/jam");
b



Features

« High-performance, Low-power Atmel® AVR®8-bit Microcontroller

+ Advanced RISC Architecture

— 131 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
— 16 Kbytes of In-System Self-programmable Flash program memory

— 512 Bytes EEPROM
— 1 Kbyte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM

— Data retention: 20 years at 85°C/100 years at 25°C"

— Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program

True Read-While-Write Operation

— 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 8-bit Timer/Counters with Separate Prescalers and Compare Modes

— One 16-bi
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
— Byte-oriented Two-wire Serial Interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface

- Timer with Sep: On-chip O
— On-chip Analog Comparator

Special Microcontroller Features
- Por Reset and t D

— Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
— Six Sleep Modes: Idle, ADC Noise

Programmable Gain at 1x, 10x, or 200x

d

and Extended Standby
1/0 and Packages
— 32 Programmable 1/O Lines

— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF

Operating Voltages
— 2.7V - 5.5V for ATmega16L
— 4.5V - 5.5V for ATmegal6
Speed Grades
— 0-8 MHz for ATmegai6L
— 0-16 MHz for ATmega16

Power Consumption @ 1 MHz, 3V, and 25°C for ATmega16L

— Active: 1.1 mA
— Idle Mode: 0.35 mA
— Power-down Mode: < 1 A

AIMEL

Timer/Counter with Separate Prescaler, Compare Mode, and Capture

, Standby
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I 5

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

ATmegal6
ATmegai6L

Summary

Rev. 2466TS-AVR-07/10
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Pin Figure 1. Pinout ATmegai6
Configurations o
—_—
(xcKTo) PBo . 1 40 1 PRO (ADCD)
1) PB1 ] 2 38 |1 Pat (aDCY)
(INTZ/AIND) PB2 C] 3 38 11 PA2 (ADC2)
(ocoiaIn) Pe3 o 4 37 1 PA3 (ADC3)
[N 38 |1 pas (aDCs)
most) Pes o & 35 |1 PAS (ADCS)
miso) Pee O T 34 [ PAS (ADCE)
{SCK) PBT ] 8 33 1 PA7 (ADCT)
FRESET { o 32 [ AREF
vee of 10 31 b GND
GND f 11 30 P avcC
XTALZ of 12 28 b PC7 (TOSC2)
XTALT .} 13 28 b Pos (TOSC1)
(RxD) PDO O] 14 27 1 pcs (1D
(XD} PD1 ] 16 26 b PC4 (TDO)
(INTO} PD2 ] 18 25 [ PC3 (TMS)
(INT1) PD3 Cf 17 24 | PC2 (TCK)
(0c1B) PD4 Cf 18 23 P PC1 (SDA)
(oc1A) PDs o 18 22 b Poo (scL)
(icP1) PDs .} 20 21 | PO7 (0C2)
TQFP/QFNMLF
gE o
82 E seaa
P 9000
B2k 23822
FRSREZ82E2
acacad>Saaacda
OO000000000
® 44,42, 40, 90, 36, 34
(Mosn PBs ] 1 33 [ pad4 (aDCH)
e T = b U e 7 32 O PAS (ADCS)
(sck) Pe7 ]38 ! ! 31 [ PAs (ADCE)
RESET |4 | 1 30 b par (ancr)
vee s, 28 O AREF
oND |6 1 28 1 GND
X2 o7 1 1 27 b Avce
xTAL1 O] 8 1 | 26 [ pC7 (TOSC2)
(RXD) PDO ] ® : : 26 [ Pce (TOSC1)
o) POt Cl10 e 1 24 |1 Pcs (o)
aNTo) PDZ Cf 11 23 [ PC4 (TDO)
13, 4154617159507 150
ooooooooooa
32885828588
NOTE: EETLESFEREE
Botiom pad should cagg 3L
5 Skiarad ¥ s £5568 8382
Disclaimer Typical values contained in this datasheet are based on simulations and characterization of

other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.
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ATmegai6(L)

Overview The ATmega16 is a low-power GMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega16 achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
sumption versus processing speed.

Block Diagram Figure 2. Block Diagram
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Pin Descriptions
vce
GND

Port A (PA7..PAQ)
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The AVR core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unit (ALU), allowing two independent
registers to be accessed in one single instruction executed in one clock cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16 Kbytes of In-System Programmable Flash
Program memory with Read-While-Write capabilities, 512 bytes EEPROM, 1 Kbyte SRAM, 32
general purpose /O lines, 32 general purpose working registers, a JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Internal and External Interrupts, a serial programmable USART, a byte oriented
Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input stage with
programmable gain (TQFP package only), a programmable Watchdog Timer with Internal Oscil-
lator, 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 Gonverter, SRAM, Timer/Counters,
SPI port, and interrupt system to continue functioning. The Power-down mode saves the register
contents but freezes the Oscillator, disabling all other chip functions until the next External Inter-
rupt 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 Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
nator 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 memory technology. The On-
chip ISP Flash allows the program memory 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 boot program can use any interface to download the application
program in the Application Flash memory. Software 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-effec-
tive solution to many embedded control applications.

The ATmega16 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/O port, 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 sym-
metrical drive characteristics with both high sink and source capability. When pins PAO 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 tri-stated when a reset condition becomes active,
even if the clock is not running.
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Port B (PB7..PB0)

Port C (PC7..PC0)

Port D (PD7..PD0)

XTAL1

XTAL2

AvCC

AREF

Port B is an 8-bit bi-directional I/0 port with intemal 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.

Port B also serves the functions of various special features of the ATmega16 as listed on page
58.

Port C is an 8-bit bi-directional /O port with internal pull-up resistors (selected for each bit). The
Port C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up
resistors are activated. The Port C pins are tri-stated when a reset condition becomes active,
even if the clock is not running. If the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2(TCK) will be activated even if a reset occurs.

Port C also serves the functions of the JTAG interface and other special features of the
ATmega16 as listed on page 61.

Port D is an 8-bit bi-directional 1/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally 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 ATmega16 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.

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

Output from the inverting Oscillator amplifier.

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

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



84

Resources

Data Retention

ATMEL

A comprehensive set of development tools, application notes and datasheets are available for
download on http://www.atmel.com/avr.

Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.
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———— ATMega16(L)

Register Summary

— — — — — — —
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Page
SREG N T i N z c )
SPH E = = - P10 ) sPa 12
SPL Sp7 e SP5 P4 5P3 sP2 sP1 SP0 12
ocRo ulpul Compare Register M
GICR INT1 INTO INT2 - - e NSEL IVCE 48, 69
GFR INTF1 INTFO NTF2 = - = = - 70
TIHSK ociEz TOEZ TICEL CIE1A OCETR. TOIE ociED TOIEQ 85,115,133
TFR OcF2 TOov2 ICF1 OCFIA OCFI1B. JOov1 OcFo Tovo 86, 115, 133
SPMCR SPME RWWSE. - RWWSRE | BLBSET PGERS SPmEN 250
TWER TWINT TWEA TWSTA TWSTO TWAC - TWE 180
MCUCR SM2 SE s MO sci 1sc10 1scot 1SC00 32 88
MOUCSR JTD 15C2 L JTIRF WORF BORF EXTRF PORF 41,69, 231
TCCRO FOCO WGMOO CoMo1 COMOO WGMO1 €502 cso1 £500 83
TCHTO (B Bits) 85
OSCCAL | Osellstor Calbration Register 3
OCOR | On-Chip Debug Register 27
SFIOR aoTs2 | apts1 | aoiso | — [ mowe | PuD__ | Pskz | psrwo 85,134.201,221
TCCRIA CoMIAL comiAl | cowmBt | commso | Focia | Focis =T WeM10 110
TCCR1B cHE1 ces1 | - | I wewmz | csiz csn cs10 13
TONTH —Counter Register High Byte 14
TJONTIL = Counter Register Low Byte 114
OCRIAH 1~ Oulput Campare Register A High Byte 114
ocR1AL_| T Mer! — Output Campare Register A Low Byte 114
OCR1BH__| TmeriCountert — Output Campare Register 8 High Byte 114
OCR1BL Tim eniCounter! — Output Campare Registers B Low Byte 114
ICRH__| T ter1 — ngut Caphure Register High Byte 114
ICRIL 1~ Inp: Register Low Byle 114
TCCR2 FOC2 | waM20 | com21 | com2o waM1 | csz2 | csa [ csx
TCWT2 (8 Bits)
OCR2__| TimenCounter2 Output Compars Register
ASSR = = = = As2 | Tonaus OCR2UB’ TCRUB
WOTCR - - - WoTOE [T WoP2 WPt WOPG
UBRRr URsEL & = 7 UBRR[T18]
UCSRC URSEL UMSEL upm UPNO USBS uCszy ucszo UCPOL
SIF (5371 EEARH - - - - - - - EEARS
S1E (336) EEARL | EEPROM Add Low Byle
510 (530) EEDR EEPROM Data Register
$1C (83C) EECR = = = - EERIE EEWE EERE
$18.(538) PORTA PORTAT PORTAG PORTAS PORTA4 PORTAZ PORTAZ PORTA1 PORTAQ
S1A (S34) DORA DDAT DDAS DDAS DDA4 DOA3 DDA2 DoAY DoAD
519 (538) PHNA PINAT PHNAS PINAS PINA4 PINA3 PINAZ PHA1 PINAD
$18 (538) PORTB PORTET PORTBE PORTBS PORTBA PORTBI PORTE2 PORTB1 PORTBO
$17 (837) DORE. DDBT DDBE DDBS DDB4 DDB3 DDB2 DDB1 DoBO
3168 (536 PNE. PINET PNES PINBS PINBA PINB3. PINEZ PHNB1 PINED
515 (335} PORTC PORTCT PORTCE PORTCS PORTCA PORTCY PORTC2 PORTCT PORTCD
$14 (334) DoRC bocT boce oocs Doca bocs bocz ooct ooco
513 (533) PING. PINCT PHCS PINCS PINC4 PINC3 PNC2 PINC1 PNCO
S12 332 PORTD FORTDY PORTDS PORTDS PORTDA PORTDY PORTDZ PORTDI PORTDO
$11i831) DORD DDOT. DDDS. DDDS DDD4 0003 Dboo2 boR1 Dooo
$10 ($30) PIND PND7 PNDE PINDS PHND4 PND3 PND2 PIND1 PINDO
SOF (52F) SPOR SPi Data Register
SOE (52E) SPSR SPIF WCoL - = I - I = I - sPEX
0D (52D) SPCR SsPE__| spE | DoRD | MsTR | cpoL | cPMA |  SPR1 | sPRo
50C (52C) DR USART U/O Data Register
$0B (528) UCSRA RXC Txc | uoRe | FE [ oor | PE [ umx [ wecowm
$0A (S24) UCSRE RXCIE TXCIE UDRIE RXEN TXEN ucsz2 RXBS TXBE
508 (528) UBRRL | USART Baud Rate Regster Low Byte
smesas | AcsR | _l_ela:p acse_ | Aco | Ao | Ace | Acic | Acsi__ | Ao
SO7 (327) ADMUX REFS1 | REFSD | ACLAR |  muxd | wuxs | wuxz | mux1 | muxo
506 (526) ADCSRA ADEN ADSC__| ADATE | A | ApE | aoPs2 | ADPs1 | ADPSO
S05 (525} ADCH | ADC Data Register High Byle
S04 (524) ADCL ADC Data Register Low Byte
803 (523 TWOR Two wre Serial Inlerface Data Register
32522 TWAR TviAs TS TwiAe TwA3 Twa2 Ival 1 Twao TWGCE
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e ca o= e
Address Name Bit7 | Bit6 Bit 5 Bit 4 Bit3 | Bit2 | Bit1 | Bit0 Page
| S——
01 (321) TWSR WS T TWSS E] Twes | =L Twest_ | Tweso 181
300 (320) TWER | Two wre Serial Inlerface Bt Rate Register 180
Notes: 1. When the OCDEN Fuse is unprogrammed, the OSCCAL Register is always accessed on this address. Refer to the debug-
ger specific documentation for details on how to use the OCDR Register.
2. Refer to the USART description for details on how to access UBRRH and UCSRC.
3. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O memory addresses
should never be written.
4. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on

all bits in the IO Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions

work with registers $00 to $1F only.
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Instruction Set Summary

p—
Mnemonics | operands Description Operation I Flags #Clocks
"ARITHMETIC AND LOGIC INSTRUCTIONS
ADD R Re Add tw Registers Rd< Rd+Re ZCNVH 1
ADC R Rr Add wit Garry Ra< Ra+AreC ZCNVH 1
ADWY ALK Add immediate to Word Rah Rdl « RanhRdl + & ZCNVS 2
508, R, Rr Subtract Rd+ Rd- Rr ZCNVH 1
SUBI Rd. K Subtrad Register Rd« Rd-K ZCNVH i
sBC R Re Sublract with Carry two Registers Rae Ra-Rr-C ZENVH 1
SBCI Rd_K ‘Sublrad wih Carry Reg. Rde Rd-K-C ZCNVH 1
SBM RaLK Sublract mmediate Som Word RehRl e RahRd -K ZCNVS 2
AND R Ar Rdc Rashr Znv i
ANDT RiK Logical AND Register and Constant Rde Rdek ZHV 1
oR . Rr Logical OR Regiders Rd« RdvRr ZHV 1
oI ReK Logical OR Regisler and Constant Rde RAvE Zny 1
EoR R Rr Exciusive OR Registers Rd« R4 DR ZHV 1
com R Gne's Camplement Rde SFF_Rd ZCNY 1
NEG R Rde 300 Rd ZCNVH 1
SBR RdK Set Bi(s) in Register Rd+ Rdw K INV 1
CBR RiK Glaar Bits) in Registar Rd« Rd e (SFF -K) ZNV 1
NG Rd Increment Rd+ Rd+1 INV 1
DEC Rd Decrement Rd« Rd_1 INV 1
TST R Test for Zero or Minus Ra« Rd<Rd ZNV 1
LR [ Clear Regisier Rd « RO RA Ny 1
sen R Set Register Rae SFF nione. 1
ML R Ar Mulply Unsigned RIRO « Rdx Ar zc 2
MULS R Rr Mutiply Signed RIRO « R Rr i) 2
MULSU R Rr Mulply Sigr i RLRO « Rdx Rr zc 2
ML . Rr Unsigned RIRO « (R x A << 1 Zc 2
FMILS R Re Signed RIRO ¢ (Rdx ) << 1 zc 2
FMULSU Rd.Re igned with Unsigned R1RO « (Rdx R << 1 Zc 2
BRANCH WS TRUCTIONS

i Relative Jump. PO PC k1 None )
I to(Z) PCZ None 2
K Direct Jump PC ek None. 3
3 Relative Subroutine Cal PCePCeks1 None. 3
Indirect Call lo (Z) PC«Z None 3
i Direct Subrautine Gal PCek None. ‘
Subrouine Rebum P« STACK None. ]
Intemrupt Return PC « STACK ] ]
ReRr Compare. Skip 1l Equal W (Rd= ) PG« PC+2or3 None. 11273
RO Compare Ra_Rr ZNVCH 1
RaRr Compare wih Carry Rd_Rr G ZNVCH 3
RaK Compare Regiter with mmedite Ra K ZNVCH 1
Rrb Skip i Bt i Register Cleared #(Rrb)=0) PC« PC+2ar3 None. 11273
Reb Scp if Bl n Regater s Set RIS PC e PCr2a3 None 1i2/3
L] Skip if Bit in ¥O Register Cleared HPLENPC e PCH2or3 None_ 11273
P.b Skip if Bit in VO Register is Sel H(Pb)=1) PC + PC+20r3 None 11273
sk Branch if Slaws Flag Set 1)then POPGek+ 1 None 102
sk Eranch if Staius Flag Cleared G)then PG« PCeke 1 None 102
K Branchif Equal 1) then PG « PC+k + 1 None. 112
e Branch if Not Equal ) tren PC « PO+ kst [ 112
i W(C = )then PCe PC+k+ 1 None 112
i Eranch if Cany Cleared W(C=0) henPCe PCr ke 1 None. 112
i Eranch if Same or Higher H(C =0 thenPCe PC ke 1 None 112
i B anch if Lowsr PC ket Mo T2
e Ecanch if Minus PC ket Niome 112
3 Branchif Plus PC ket None. 172
3 Branch it Greste or Equal, Signed (NG V=0)then PC « PCwk+1 None 12
k Branch f Less Than Zero, Signed V= 1) then PG« PG+ +1 [ 1z
e Branch if Hall Carry Rlag Sat PCekst None. 172
3 Branch if Hall Carry Alag Cleared W{H=0)henPC+ PC+k+ 1 None 112
i Jihen PG« PC vk +1 None. [T}
K Beanchif T Flag Cleared ) then PC « PC+k s 1 MNone. 112
e Beanch if Overfow Flag is Set ) an PC o PC 4 kst None. iz
K I men PCe PCaia] Nene. m
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WMnemomce Operands Description Operation #Clocks
BRIE [ Eeanch if Hi1=f)then PG+ PC +k+1 hone. 102
BRID i Eranch  hlerupt Disabled (= Oithen PC o PC k! None [Tr)
DATA TRANSFER INSTRUCTIONS
Rd.Rr Wove Between Registers Ra< R Heme 1
MOV Ra.Rr Copy Regnter Word Rd+1Rd « Rrel Rr None. 1
Lot RiK Load immedate R K Nome 1
) Rd.X Load Indiredt Rde ) None. 2
) Ra. X+ Load Indeect and Post-ine Rae 0O e K41 Hone 2
[T) Rd,- X Load Indiect and Pre-Des X K1 Rée (0 None 2
Lo Rd.Y Load Indirect Rde () None 2
LD R ¥+ Load Indirest and Post-Inc Rde () Ye Y41 None 2
Lo Rd.- ¥ Load Indiect and Pre-Dec Yov-1Rec (M None 2
LoD RiYeq Load Indir ect with Displacemert R (¥+q) None 2
) Rd.Z Load Indirect Rd« Z) None. 2
o RiZo Load Inde ect and Post-Inc Re Z)7e 2o None 8
Lo Re.-Z Load Indrect and Pre-Dec ZezLRAe@ hone. 2
LoD i Zeg Load inde sct with Displacemert Rac Zeq) hione. 3
LS Rik Load Direct from SRAM Rd e ) hone. 2
sT XA DX e Rr Nome. 2
sT K Rr and Pastinc. D) ¢ Re Xe %41 None 2
ST xR and Pre Dec XX 100 R Nene. 2
sT YR ) e R None. 2
sT Y. Re ‘Store Indirect and Post-Inc. e RrYe Y1 None. 2
ST VR and Pre-Dec VoV 100« R None F]
ST YeqRr Store Indrect with Displacement YeqeRe None 2
sT ZRr Z) Re None 2
ST Ze Rr and Posting @ ReZeZet hone 2
sT ZRr ‘Store Indrect and PreDec. ZeZ1, (e Rr Hone. 2
ST ZeaRr with Displacement Zeqe Rr None. 2
TS R Store Dirsct to SRAM o R None 2
LPM Load Program Nemer RO @) None 3
LM Rd.Z Load Program Mem or R Z) hone. 3
LPM Ra.Z+ Load Program Nemery and Post-inc R« @12+ 241 None. 3
s = @ e RIRD Hone
N Ri.P In Port Rd< P Nome 1
PR Cut Pot PR None 1
[ Push Register on Stack STACK « Rr Nome 2
Rd Pag Register ¥om Stack RdoSTACK None 2
NSTRUCTIONS
Bb Set Biin VO Register VOPb) « 1 None B
Pb Clear Bitin VO Register VOPB) « 0 Hone. 2
R Logical Shifi Left Raine1) « Ro(n) Re(0) ¢ 0 ZENY i
R Logiea St Right Reln) < Rdin+1), Re(7) « 0 ZENY 1
R Rolate Le Through C: Re0)¢ G Réin+1)e_ Rlin).C+ Re(7) ZoNY 1
Ra Rolate Right Through Camy Rdi7)e C.RAin)e Rdins1,CoRAQ) ZCNV 1
Rd Arthmelic St Right Relin) « Rdin+1) ne0 6 ZoNY i
Rd Soap ibbies 3.0« Rdi7. 4).R(7_4)< Rd(3.0) Mone. 1
s Flag Sat SREG(s) e 1 SREGIs) 1
s Flag Clear SREG(s) « 0 SREG(s) 1
Rrb Bit Store from Register to T T Rib) T 1
Rd.b Eitioad trom T to Register Reib) « T None 1
et Cary €t c 1
Clear Carry €0 c 1
Set Negative Flag Nei N 1
Clear egative Fiag NiO N A
Sek Zero Flag 21 z 1
Clear Zeso Flag Ze0 z 1
Gicbal Il rupt Enabl e | 1
Giobal Iterrupt Disabie [P i 1
Set Signed Test Flag 51 s 1
Clear Signed Test Flag 5c0 s 1
Set Twas Complement Overiow Ve v 1
Clear Twos Complement Overflow Veo v 1
Set Tin SREG Te T 1
Clear T in SREG T«0 T 1
Sel ol Cary Flag  SREQ et 2 1
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p— m—
Mnemonics | operands \ Description Operation | Flags \ #Clocks
CLH Ciear Half Cary Flag in SREG [HeD I H l ]
MCU CONTROL INSTRUCTIONS
NOP o Operation None 1
SLEEP Sleep (see specific descr_for Sleep function) None 1
WDR Watchdog Reset (see specific descr. for WDRAIm er) None 1
BREAK Break For On-Chip Debug Only None NIA
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Ordering Information

Speed (MHz) Power Supply Ordering Code Package Operation Range

ATmega16L-8AU" 44A Industrial

8 2.7V- 55V ATmega16L-8PU" 40P6
ATmega16L-8MU™ 44M1 {HEC I 85°C)
ATmegal6-16AU" 44A Industrial

16 45V-55V ATmega16-16PU 40P6 WC“[S ;,m
ATmega 16-16MU() 44M1 ¢ 083

Note: 1. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also

Halide free and fully Green.

Package Type
44A 44-lead, Thin (1.0 mm) Plastic Gull Wing Quad Flat Package (TQFP)
40P6 40-pin, 0.600" Wide, Plastic Dual Inline Package (PDIP)
44M1 44-pad, 7 x 7 = 1.0 mm body, lead pitch 0.50 mm, Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)
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Packaging Information

24A

PIN1

p|

COMMON DIMENSIONS.
{Unit of Measure = mm)

(SYMSSOL| MIN. | NOW | MAX | NOE |
A - - 120
at_| oos - | o1
a2 | oos | 100 | 10s
D [ 175 | 1200 | 1225
D1 | 990 | 1000 | 1010 | Note 2
e [ ns | 1200 | 1228
Notes: 1. This package confoms 1o JEDEC reference MS-026, Variation ACB.
2. Dimensions D1 and E1 do ot include mold protrusian. Allovable Bl | 990 | 1000; | 100 | Wow's
protrusian is 0.25 mm per side. Dimensions D1 and E1 are maximum 8 | om0 - | oss
plastic body size dimensions incuding mold mismatch c
3. Lead coplanarity s 0.10 mm maximum os § o= | 2D
L 045 - 075
e 080 TYR
10/5/2001
2325 Orchard Parkway || e )
ﬁ 5 nm’: C’A 55‘;"“ 444, 44-lead, 10 x 10 mm Body Size, 1.0 mm Body Thickness, i =
) - 0.8 mm Lead Pilch, Thin Profile Plastic Quad Flat Package (TQFP)
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40P6

ATMEL

SEATING PLANE

‘ PIN
< ‘ i

LR
] TR i

=

s

T%T COMMON DIMENSIONS
s =] E;‘Eﬁ REF (Unit of Measure = mm)
svmBoL| MIN_| nom | max | note
8 — A - - [ as2e
Al 0381 - -
D [s20r0| - |[s52578 Now2
E 15.240 - 15875
E1 13.462 - 13970 | Note 2
B | o3se 0559
Notes: 1. This package conforms to JEDEG referance MS-011, Variation AG. Bl | gt 1851
2. Dimensions D and E1 do notincluce mold Fiash cr Profrusion. L |sos | - | asse
Mald Flash or Protrusion shall nol exceed 0.25 mm (0.010') = loms] = [omi
o8 15484 | | 17528
o 2540 TYP
09/28/01
TITLE
2325 Orchard Parkway | 4,06 40,1600 (0.600%/15.24 mm Wide) Plastic Dual 0P8 "

San Jose, CA 95131 | jniine Package (PDIP)
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44M1

I '
Pl

UUUUUUHUT

Q
lL;Mamed Pine 1 1D
E
extnG P
TOPVIEW
E
2=~ ~—Pin#1 Gornor SIDEVIEW
- s

Enhanced Plastic Very Thin Quad Flat No
Lead Package (VQFN)

Option & COMMON DIMENSIONS
=3 =¥ (Unit of Measure = mm)
= =
= ~ 1= SYMBOL| MIN | nNOM | MAX | NOTE
5 = ol AR
= = Option B, 10 Al - 002 | 0.08
- Chartor
= g €30 A3 0.20 REF
[= b 018 | 023 | 030
=
3] 6% | 700 | 710
Option € py, g D2 | 500 | 520 [ 540
5w E | 6% | 700 | 710
BOTTOMVIEW E2 | 500 | 520 | 540
e 050 BSC
L 050 | 0s4 | oes
Note: JEDEC Standard MO-220, Fig. 1 (SAW Singuiation) VKKD-3. % FERTEEY
TILE
Package Drawing Contact: | 44M1, 43-p30,7x7 x 1.0 mm Body, Lead
packagedrawings @atmel.com | Pitch 0,50 mm, 5.20 mm Exposed Pad, Thermally ZWS 44M1 H




Errata

ATmega16(L) Rev.
M

ATmega16(L) Rev.
L

AIMEL

The revision letter in this section refers to the revision of the ATmega16 device.

1.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising Vi, the first Analog Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronized to the asynchronous timer
clock is written when the asynchronous Timer/Counter register(TCNTX) is 0x00.

Problem Fix / Workaround

Always check that the asynchronous Timer/Counter register neither have the value 0xFF nor
0x00 before writing to the asynchronous Timer Control Register(TCCRx), asynchronous
Timer Counter Register(TCNTX), or asynchronous Output Compare Register(OCRx).

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround

Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed
If the device is powered by a slow rising Vi, the first Analog Comparator conversion will
take longer than expected on some devices.
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Problem Fix/Workaround
When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronized to the asynchronous timer
clock is written when the asynchronous Timer/Counter register(TCNTX) is 0x00.

Problem Fix / Workaround

Always check that the asynchronous Timer/Counter register neither have the value 0xFF nor
0x00 before writing to the asynchronous Timer Control Register(TCCRx), asynchronous
Timer Counter Register(TCNTX), or asynchronous Output Compare Register(OCRx).

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmegaté6 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround

Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be delayed

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising Vg, the first Analog Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer

The interrupt will be lost if a timer register that is synchronized to the asynchronous timer
clock is written when the asynchronous Timer/Counter register(TCNTX) is 0x00.
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Problem Fix / Workaround

Always check that the asynchronous Timer/Counter register neither have the value 0xFF nor
0x00 before writing to the asynchronous Timer Control Register(TCCRx), asynchronous
Timer Counter Register(TCNTX), or asynchronous Output Compare Register(OCRXx).

3. IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

4. Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.
Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.
Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

+ First Analog Comparator conversion may be delayed

* Interrupts may be lost when writing the timer registers in the asynchronous timer

+ IDCODE masks data from TDI input

* Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

1. First Analog Comparator conversion may be delayed
If the device is powered by a slow rising V., the first Analog Comparator conversion will
take longer than expected on some devices.
Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

2. Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronized to the asynchronous timer
clock is written when the asynchronous Timer/Counter register(TCNTX) is 0x00.

Problem Fix / Workaround

Always check that the asynchronous Timer/Counter register neither have the value 0xFF nor
0x00 before writing to the asynchronous Timer Control Register(TCCRx), asynchronous
Timer Counter Register(TCNTXx), or asynchronous Output Compare Register(OCRXx).

3. IDCODE masks data from TDI input
The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are
replaced by all-ones during Update-DR.
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Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmegai6 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

4. Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.
Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.
Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

+ First Analog Comparator conversion may be delayed

« Interrupts may be lost when writing the timer registers in the asynchronous timer

+ IDCODE masks data from TDI input

+ Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

1. First Analog Comparator conversion may be delayed
If the device is powered by a slow rising Vi, the first Analog Comparator conversion will
take longer than expected on some devices.
Problem Fix/Workaround
When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

2. Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronized to the asynchronous timer
clock is written when the asynchronous Timer/Counter register(TCNTX) is 0x00.

Problem Fix / Workaround

Always check that the asynchronous Timer/Counter register neither have the value 0xFF nor
0x00 before writing to the asynchronous Timer Control Register(TCCRx), asynchronous
Timer Counter Register(TCNTXx), or asynchronous Output Compare Register(OCRXx).

3. IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.
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Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround

Always use OUT or SBI to set EERE in EECR.

First Analog Comparator conversion may be dela;

Interrupts may be lost when writing the timer registers in the asynchronous timer

IDCODE masks data from TDI input

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

First Analog Comparator conversion may be delayed

If the device is powered by a slow rising Vg, the first Analog Comparator conversion will
take longer than expected on some devices.

Problem Fix/Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

Interrupts may be lost when writing the timer registers in the asynchronous timer
The interrupt will be lost if a timer register that is synchronized to the asynchronous timer
clock is written when the asynchronous Timer/Counter register(TCNTX) is 0x00.

Problem Fix / Workaround

Always check that the asynchronous Timer/Counter register neither have the value 0xFF nor
0x00 before writing to the asynchronous Timer Control Register(TCCRx), asynchronous
Timer Counter Register(TCNTXx), or asynchronous Output Compare Register(OCRXx).

IDCODE masks data from TDI input

The JTAG instruction IDCODE is not working correctly. Data to succeeding devices are

replaced by all-ones during Update-DR.

Problem Fix / Workaround

— If ATmega16 is the only device in the scan chain, the problem is not visible.

— Select the Device ID Register of the ATmega16 by issuing the IDCODE instruction or
by entering the Test-Logic-Reset state of the TAP controller to read out the contents
of its Device ID Register and possibly data from succeeding devices of the scan
chain. Issue the BYPASS instruction to the ATmega16 while reading the Device ID
Registers of preceding devices of the boundary scan chain.

— If the Device IDs of all devices in the boundary scan chain must be captured
simultaneously, the ATmega16 must be the fist device in the chain.

Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

Problem Fix / Workaround

Always use OUT or SBI to set EERE in EECR.
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Datasheet
Revision
History

Rev. 2466T-07/10

Rev. 2466S-05/09

Rev. 2466R-06/08

Rev. 2466Q-05/08

Rev. 2466P-08/07

Rev. 24660-03/07

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

1.

Corrected use of comma in formula Rp in Table 120, “Two-wire Serial Bus Require-
ments,” on page 294.

Updated document according to Atmel’s Technical Terminology

Note 6 and Note 7 under Table 120, “Two-wire Serial Bus Requirements,” on page 294
have been removed.

Updated “Errata” on page 340.
Updated the last page with Atmel's new adresses.
Added “Not recommended for new designs” note in Figure on page 1.

Updated “Fast PWM Mode” on page 77 in “8-bit Timer/Counter0 with PWM” on page
val

— Removed the last section describing how to achieve a frequency with 50% duty
cycle waveform output in fast PWM mode.

Removed note from Feature list in “Analog to Digital Converter” on page 204.
Removed note from Table 84 on page 218.

Updated “Ordering Information” on page 336:
- Commercial ordering codes removed.
- Non Pb-free package option removed.

Updated “Features” on page 1.

Added “Data Retention” on page 6.

Updated “Errata” on page 340.

Updated “Slave Mode” on page 140.

Updated “Calibrated Internal RC Oscillator” on page 29.

Updated C code in “USART Initialization” on page 149.

Updated “ATmega16 Boundary-scan Order” on page 241.

P! ilinary” from “ADC C| istics” on page 297.
Updated from V to mV in “I/O Pin Input Hysteresis vs. V" on page 317.

Updated from V to mV in “Reset Input Pin Hysteresis vs. V" on page 318.
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Rev. 2466N-10/06

Rev. 2466M-04/06

Rev. 2466L-06/05

Rev. 2466K-04/05

Rev. 2466J-10/04

Rev. 24661-10/04

Rev. 2466H-12/03

1.

1.

1.

AIMEL

Updated “Timer/Counter Oscillator” on page 31.

Updated “Fast PWM Mode” on page 102.

Updated Table 38 on page 83, Table 40 on page 84, Table 45 on page 111, Table 47 on

page 112, Table 50 on page 128 and Table 52 on page 129.

Updated C code

in “USART

Updated “Errata” on page 340.

Updated typos.

” on page 149.

Updated “Serial Peripheral Interface — SPI” on page 135.

Updated Table 86 on page 221, Table 116 on page 276 ,Table 121 on page 295 and

Table 122 on page 297.

Updated note in “Bit Rate Generator Unit” on page 178.

Updated values for V,y; in “ADC Characteristics” on page 297.

Updated “Serial Programming Instruction set” on page 276.

Updated USART init C-code example in “USART” on page 144.

Updated “Ordering Information™ on page 336.

MLF-package alternative changed to “Quad Flat No-Lead/Micro Lead Frame Package

QFN/MLF”.

Updated “Electrical Characteristics” on page 291.

Updated “Ordering Information™ on page 336.

Removed references to analog ground.

Updated Table 7 on page 28, Table 15 on page 38, Table 16 on page 42, Table 81 on

page 209, Table 116 on page 276, and Table 119 on page 293.

Updated “Pinout ATmega16” on page 2.

Updated features in “Analog to Digital Converter” on page 204.

Updated “Version” on page 229.

Updated “Calibration Byte” on page 261.

Added “Page Size” on page 262.

Updated “C:

Internal RC O

on page 29.
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Rev. 2466G-10/03

Rev. 2466F-02/03

1.

14.

1.

8.

Preliminary” from the
Changed ICP to ICP1 in the datasheet.
Updated “JTAG Interface and On-chip Debug System” on page 36.

Updated assembly and C code examples in “Watchdog Timer Control Register —
WDTCR” on page 43.

Updated Figure 46 on page 103.

Updated Table 15 on page 38, Table 82 on page 217 and Table 115 on page 276.
Updated “Test Access Port— TAP” on page 222 regarding JTAGEN.

Updated description for the JTD bit on page 231.

Added note 2 to Figure 126 on page 252.

. Added a note regarding JTAGEN fuse to Table 105 on page 260.

. Updated Absolute Maximum Ratings* and DC Char istics in ical Cl

istics” on page 291.

. Updated “ATmega16 Typical Characteristics” on page 299.

. Fixed typo for 16 MHz QFN/MLF package in “Ordering Information” on page 336.

Added a proposal for solving p! garding the JTAG i ion IDCODE in
“Errata” on page 340.

Added note about masking out unused bits when reading the Program Counter in
“Stack Pointer” on page 12.

Added Chip Erase as a first step in “Programming the Flash” on page 288 and “Pro-
gramming the EEPROM” on page 289.

Added the section “Unconnected pins” on page 55.

Added tips on how to disable the OCD system in “On-chip Debug System” on page
34.

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

Added information about PWM symmetry for Timer0 and Timer2.

Added note in “Filling the Temporary Buffer (Page Loading)” on page 253 about writ-
ing to the EEPROM during an SPM Page Load.

Removed ADHSM completely.



Rev. 2466E-10/02

Rev. 2466D-09/02

Rev. 2466C-03/02

1

°

1

1

>

13.

1

)

1.

s

1.
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Added Table 73, “TWI Bit Rate Prescaler,” on page 182 to describe the TWPS bits in
the “TWI Status Register - TWSR” on page 181.

. Added section “Default Clock Source” on page 25.

. Added note about frequency variation when using an external clock. Note added in

“External Clock” on page 31. An extra row and a note added in Table 118 on page 293.

. Various minor TWI corrections.

Added “Power Consumption” data in “Features” on page 1.

. Added section “EEPROM Write During Power-down Sleep Mode” on page 22.

. Added note about Differential Mode with Auto Triggering in “Prescaling and Conver-

sion Timing” on page 207.

. Added updated “Packaging Information” on page 337.

Updated “DC Characteristics” on page 291.

Changed all Flash write/erase cycles from 1,000 to 10,000.

Updated the following tables: Table 4 on page 26, Table 15 on page 38, Table 42 on
page 85, Table 45 on page 111, Table 46 on page 111, Table 59 on page 143, Table 67
on page 167, Table 90 on page 235, Table 102 on page 258, “DC Characteristics” on
page 291, Table 119 on page 293, Table 121 on page 295, and Table 122 on page 297.

Updated “Errata” on page 340.
Updated typical EEPROM programming time, Table 1 on page 20.

Updated typical start-up time in the following tables:
Table 3 on page 25, Table 5 on page 27, Table 6 on page 28, Table 8 on page 29, Table 9
on page 29, and Table 10 on page 29.

Updated Table 17 on page 43 with typical WDT Time-out.

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

Table 15 on page 38, Table 16 on page 42, Table 116 on page 272 (table removed in docu-
ment review #D), “Electrical Characteristics” on page 291, Table 119 on page 293, Table
121 on page 295, and Table 122 on page 297.

Updated TWI Chapter.
Added the note at the end of the “Bit Rate Generator Unit” on page 178.

Corrected description of ADSC bit in “ADC Control and Status Register A— ADCSRA”
on page 219.

Improved description on how to do a polarity check of the ADC doff results in “ADC
Conversion Result” on page 216.
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8. Added JTAG version number for rev. H in Table 87 on page 229.
9. Added not regarding OCDEN Fuse below Table 105 on page 260.

10. Updated Programming Figures:

Figure 127 on page 262 and Figure 136 on page 273 are updated to also reflect that AVCC
must be connected during Programming mode. Figure 131 on page 269 added to illustrate
how to program the fuses.

1

. Added a note regarding usage of the “PROG_PAGELOAD ($6)” on page 280 and
“PROG_PAGEREAD ($7)” on page 280.

12. Removed alternative algortihm for leaving JTAG Programming mode.
See “Leaving Programming Mode" on page 288.

13. Added Cali RC Oscil ization curves in section “ATmega16 Typi-
cal Characteristics” on page 299.

>

. Corrected ordering code for QFN/MLF package (16MHz) in “Ordering Information” on
page 336.

1

o

. Corrected Table 90, “Scan Signals for the Oscillators"?®,” on page 235.
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Lampiran LCD Karakter

L1 682 (2x16) Unit: mm General Tolerance {0.5 mm

Reflective/EL Backlight LED Backlight
5 LR 00w s
T 5 =
3 3
T ] =
63| | somar na t.0max
25,
1, Joamer
No. | Wo. ame | _Funclion
GND
ower supply vollage + 5V
iquid crystal diving voltage
S Instruetion code Input. H: Data lput
R  Data waite from MPU to (GM. i Data read from LCIto WP
E nable
050 et bus e
081 ata bus ling
0B ata bus ing
0B3 il bus fing
7] a s e
*LED Powered 05 2 bus ne
036 et bus line
through pins 15 & 16 DB7. ota bus ling
v node
38R i Aot




All Supertwist Character Modules Except
L1681 & L1692 Series

+55°
+15°

OpTIMUM VIEWING ANGLE / CONTRAST ADJUSTMENT CIRCUIT

L1681 & L1692 Side Viewing Angles on
Series (only) Supertwist Character Modules

-15°
-55°,

6 O'CLOCK 12 O'CLOCK

(Optional)

STANDARD STN & 12022

& 5V,
VDD _(+5V)
L
¥ 1K-10K =
)
% *
88 (OV)

The above schematic applies to all Seiko Instruments
standard temperature supertwist character modules
except L2022 A variable or fixed resistor must be used
on any LCD module as it appears in the above schematic.
A variable resistor is advisable, especially for stationary
equipment. The variable resistor allows the user to
adjust the voltage, to get maximum contrast in relation-
ship to whatever angle the user is viewing the LCD (with-
in the optimum viewing range). A variable also allows
the user to adjust the voltage for any temperature fluctu-
ations between 0" and 50°C.

A fixed resistor limits the LCD to a finite voltage and there-
fore a very limited viewing angle. Fixed resistors should be
used in those applications where the display can be
adjusted to the particular user (i.e., hand-held products).

+35°
N
-35° N
40°

WIDE TEMPERATURE STN

+5V)

+)

-)
(ov)

. Ve should not exceed -2V.

The above schematic applies to all Seiko Instruments
supertwist character modules with \Wide Temperature
Fluid. A variable or fixed resistor must be used on any
LCD module as it appears in the above schematic.

A variable resistor is advisable, especially for stationary
equipment. The variable resistor allows the user to
adjust the voltage, to get maximum contrast in relation-
ship to whatever angle the user is viewing the LCD (with-
in the optimum viewing range). A variable also allows
the user to adjust the voltage for any temperature fluctu-
ations between -20° and 70%.

A fixed resistor limits the LCD to a finite voltage and there-
fore a very limited viewing angle. Fixed resistors should be
used in those applications where the display can be
adjusted to the particular user (i.e., hand-held products).



OPERATING INSTRUCTIONS

INTRODUCTION

Seiko Instruments intelligent dot matrix liquid crystal
display modules have on-board controller and LSI drivers,
which display alpha numerics, Japanese KATA KANA char-
acters and a wide variety of other symbols in either 5 x 7 dot
matrix.

The intemnal operation in the KS0006 controller chip is
determined by signals sent from the MPU. The signals

include: 1) Register select RS input consisting of instruc-
tion register (IR) when RS = 0 and data register (DR) when
RS = 1; 2) Read/write (R/W); 3) Data bus (DB7~ DBO);
and 4) Enable strobe (E) depending on the MPU or
through an external parallel /O port. Details on instruc-
tions data entry, execution times, etc. are explained in the
following sections.

Reabp AND WRITE TIMING DIAGRAMS AND TABLES

The following timing characteristics are applicable for all of Seiko’s LCD dot matrix character modules.

READ TiMiNG CHARACTERISTICS

V=B OV+5%, V=0V, T.=0'C 10 50°C
item | Symbol | Standabdit ttem Symbol Standard Unit
| Min. | Max Min. | Max.

Enable cycle time teveE 500 —| ns Enable cydle time toveE 500 —| ns
Enabie pulse width _ High Level | PWg, 230 —| s Enable pulse width _ High Levdl PW,, 230 -1 ns
Enable rise and fall time tom ter - 2] ns Enable rise and fall time ten  ter 20| ns
Setup time RSRW—E | ty 140 — | ns Setup time RSRME | tae 140 — ns.
Address hold time ta 10 — | ns| |Address hold time tan 10 - ns
Data delay time topn — 160 | ns Data delay time toon 80 - ns
Data hold time Y 5 — ns Data hold time W 10 — ns

a Vo e o
i Vo iy s it Vi
[y ™ e e
m Vo Va =3 N\
LA e L Vi i
Py e Py W |
tu
e Ja i p—
(TE—
. m ) e Vo 2
Vicy il ons \ Vi
= — f—re
toon o [ Wl
} |
0Byt 08, Vgt vakaae e 03,1008, T vaaae VK
ot [

Note: « VOLI s assumed to be 08 Vat 2 MHz operation.

DATA READ FROM MODULE TO MPU

DATA WRITE FROM MPU TO MODULE




INSTRUCTION CODES

Execution Time

Instruction Instruction Code Description (when fog or fog
DBs DB4 DB3 DB2 DB1 DBO is 250 kHz)

Clears all display memory and
Clear Display 0 0 0 0 0 0 0 0 0 1 returns the cursor to the home | 82 s - 1.64ms
position (Address 0).

Returns the cursor to the
home position (Address 0)
Retum Home 0 0 0 0 0 0 0 0 1 i shifted to the original position. 40 us~16ms
DD RAM contents remain
unchanged.

Sets the cursor move direction
and specifies to or not to shift

Entry 0 0 0 0 0 0 0 1 D | S the display. These operations 40 ps ~ 1.64ms
Mode Set write and read.

Display (D) is display ON/OFF control;

ON/OFF 0 0 0 0 0 0 1 D C B memory remains unchanged

Control in OFF condition. (C) cursor 40 ps

‘ON/OFF (B) blinking cursor.

Moves the cursor and shifts
Cursor or 0 0 0 0 0 1 SC| RL[ * * the display without changing 40 ps
Display Shift DD RAM contents.

Sets interface data length
Function Set 0 0 0 0 1 DL| N F . . (DL), number of display lines 40 ps
(N), and character font(F).

Sets the CG RAM address.
SetCGRAM 0 0 0 1 Ao CG RAM data is sent and 40 ps
Address received after this setting.
Sets the DD RAM address. Ous
Set 0D RAM 0 0 1 A DD RAM data is sent and
Address received after this setting.
Reads Busy Flag (BF)
@5?5 Flag 0 | g AC indicating internal operation is | 145
&Address being performed and reads
address counter contents.
Wie Data Wries datainto DD RAMor | 408
CGor 1 0 Write Data CG RAM.
1o 0D RAM
Reads data from DD RAM or
foghd (I Read Deta CG RAM. 40 8
DD RAM
“Doesn't matter
DD RAM:  Display data RAM =1 increment C=t: Cursor ON Right shift
G RAM: Character generalor RAM n=0 Decrement c=0: Cursor OFF Left shift
Aot CG RAM address S=1: Display shif B=l: Biink ON b
S0 No display shit B0;  BWkOFF 2
Ao DD RAM adress coresponds o ¢ play ! 4bits
cursor address: D-1 Display ON §C= 1t Display st
oo Ds;‘a\‘ o SC=0:  Cursor movement Net: 2 1nes (LI6T)
- y I=1:
AC: Address counter used for both DD Itemal operation in progress
e instruction can be accepled F=0: 5x7 dot matrix

Execution times in the above table indicate the minimum values when operating frequency is 250 kHz.
When fog; is 270 ke 40us x 250250 =37us




OPERATING INSTRUCTIONS (CONTINUED)

INSTRUCTION CODE EXPLANATIONS

The two registers 1) Instruction Register (IR) and the
2) Data Register (DR) in the KS0066 controller chip are directly
controlled by the MPU. Control i ion is stored

speeds from that of the KS0066, and allows interface from
peripheral control [Cs. Internal operations of the KS0066 are
i from the signals sent from the MPU. These signals,

in these registers prior to internal operation start. This allows
interface to various types of MPUs which operate at different

including register selection signals (RS), ReadMvite (RIW) and
data bus signals (DBO - DB7) are polled instructions.

REGISTER DELECTION

RS RW Operation

0 0 IR selection, IR write. Internal operation: Display clear

0 1 Busy flag (DB7) and address counter (DBO to DB6) read

1 0 DR selection, DR write. Intemal operation: DR to DD RAM or CG RAM
1 1 DR selection, DR read. Internal operation: DD RAM or CG RAM to DR

Appress COUNTER (AC)

The counter specifies an address when data is written
into DD RAM or CG RAM and the data stored in DD RAM or
CG RAM is read out. If an Address Set instruction (for DD
RAM or CG RAM) is written in the IR, the address information
is transferred from the IR to the AC. When display data is writ-

CLear DispLay
RS RW DB7 ; : :
cde [0 Jo Jo Jo Jo o Jo TJo

Clear all display memory and return the cursor to the

Cursor Home
RS RW DB7 i .

T
o JoJofofofo] of

DBO

T T
o] |
“Doesn't matter

Code

Returns cursor to home position. First line first character

Conditions of use

ten into or read from DD RAM or CG RAM, the AC is automati-
cally incremented or decremented by one according to the
Entry Mode Set. The contents of the AC are output to DBO to
DBE; refer to above “Register Selection Table” when RS = 0
and RAW= 1.

home position. In other words, the cursor returns to the first
character block on the first line on all 1, 2, and 4 line charac-
ter modules except L4044. If the above is entered on E2 (the
second controller for lines 3 and 4), the cursor will return to
the first character on the third line.

blocks on all 1, 2 and 4 line display; except L4044 refer “clear
display”: (Address 0; A,, “80"). The contents of DD RAM
remain unchanged.

RESTRICTIONS ON EXECUTION OF Dispray CLear AND CURSOR HOME INSTRUCTIONS

Restrictions

When executing the Display Clear or Cursor Home
instruction when the display is shifted
(after execution of Display Shift instruction).

The Cursor Home instruction should be executed again immediately
after the Display Clear or Cursor Home instruction is executed.
Do not leave an interval of a muliple of 400/fss* second after the first execution.
+ L4052:foxc = 250 Ktz
« The other modules: frge = 270 kHz
*fose: Oscillation frequency

When 23, 27,83y, or 67, is used as a DD RAM
address to execute Cursor Home instruction.

Before executing the Cursor Home instruction, the data of the four DD

RAM addresses given at the left should be read and saved. After execution, write
the data again in DD RAM. (This restriction is necessary to prevent the contents.
of the DD RAM addresses from being destroyed after the Cursor Home
instruction has been executed.)




ENTRY MoDE SET
RS R/W DB7 DBO

0] o o

Code o Jo oo ]1]w]s]

1D: Increments (1D = 1) or decrements (/D = 0) the DD
RAM address by one block when writing or reading a charac-
ter code from DD RAM or CG RAM. The cursor automatically
moves to the right when incremented by one or to the left if
decremented by one.

DispLay anp Cursor ON/OFF cowmo

RS R il E———

Code o| 0 0 ol 0 0 1 |>c |B‘

D: Display is turned ON when D = 1 and OFF when D =
0. When display is OFF, display data in DD RAM remains
unchanged. Information comes back immediately when D =
1 is entered.

C: Cursor is displayed when C = 1 and not displayed
when C = 0. If the cursor disappears, function of ID etc.

S: Shifts the entire display to either the right or left when
S =1 (high). When S = 1and IID = 1 the display shifts one
position to the left. When S = 1 and IID = 0 the display shifts
one position to the right. This right or left shift occurs after
each data write to DD RAM. Display is not shifted when read-
ing from DD RAM. Display is not shifted when S = 0.

does not change during display data write. In a 5 x 7 dot
matrix there is an eighth line which functions as the cursor.

B: When B = 1 the character at the cursor position starts
blinking. When B = 0 the cursor does not blink. The blink is
done by stiching between the all black dot matrix and dis-
played character at 0.4 second intervals. The cursor and the
blink can be set at the same time (fosc = 250 kHz).

5X7pot MATHIX

c =1 (cursor display)

= 1 (blinking)

--~Cursor E .

CuRsOR OR DisPLAY SHIFT
RS R/ DB7 DBO

Y.
* Doesnt Matter

Code 0 0|0|0|

Cursor/Display Shift moves the cursor or shifts the dis-
play without changing the DD RAM contents.

The cursor position and the AC contents match. This
instruction is available for display correction and retrieval
because the cursor position or display can be shifted without
writing or reading display data. In case of a 2-line display, the

cursor is shifted from character block 40 of line 1 to character
block 1 of line 2. Displays of lines 1 and 2 are shifted at the
same time. In case of a 4-line display, the cursor does not
move continuously from line 2 to line 3. The cursor is shifted
from character block 40 of line 3 to character block 1 of line 4.
Displays of lines 3 and 4 are shifted at the same time. The dis-
play pattern of line 2 or 4 is not shifted to line 1 or 3.

SIC RIL Operation

0 0 The cursor postion is shifted to the left (the AC decrements one)
0 1 The cursor position s shifted to the right (the AC increments one)
{ 0 The entire display is shifted to the left with the cursor

1 1 The entire display is shifted to the right with the cursor




O PERATING I NSTRUCTIONS (conminuen)

FuncTion SeT

RS R/W DB7 DBO

code [0 Jo Jo [of [oN

[ F ]

*Doesn't Matter

Function Set sets the interface data length, the number
of display lines and the character font.

DL: Interface data length
When DL = 1, the data length is set at 8 bits (DB7 to DBO).
When DL = 0, the data length is set at 4 bits (DB7 to DB4).
The upper 4 bits are transferred first, then the lower 4
bits follow.
N: Number of display lines
F: Sets character font

5x 7 dot matrix 16

L1671, L1681, L1672, L1682
11692, L1634, 12032, L2022
12034, L2462, L4052, L4044

The Function Set instruction must be executed prior to all other instructions except for Busy Flag/Address Read. If another instruction is
executed first, no function instruction except changing the interface data length can be executed.

CG RAM AppRess SET

Data WRiTe T0 CG RAM or DD RAM

RS R/W DB7 DBO RS RW DB7 DBO
Code [0 Jo o |t o [o J& [a JA [A] e [1 Jo Jo [0 [0 p[o[o]D]
«- Upper bit Lower bit — « Upper bit Lower bit —

CG RAM addresses, expressed as binary AAAAAA, are
set to the AC. Then data in CG RAM is written from or read to
the MPU.

DD RAM AppRess SET

RS RW DB7 DBO
code [0 Jo Jo [t o Ja Ja [a [a]n]
« Upper bit Lower bit —

DD RAM addresses expressed as binary AAAAAA are
set to the AC. Then data in DD RAM is written from or read to
the MPU.

Busy FLaa/AppRress READ
RS RW DB7 D!

@

0
o — — — — —
code [0 ] of of [ al a]lalafafa]

Binary eight-bit data DDDDDDDD is read from CG RAM
or DD RAM. The CG RAM Address Set instruction or the DD
RAM Address Set instruction before this instruction selects
either RAM. After the write operation, the address and dis-
play shift are determined by the entry mode setting.

DaTA READ FROM CG RAM or DD RAM

RS  R/W DB7 DBO
code [ [1 1

| S I S I — —

of of ofofofofo]
<« Upper bit

Binary eight-bit data DDDDDDDD is read from CG RAM
or DD RAM. The CG RAM Address Set instruction or the DD
RAM Address Set instruction before this instruction selects
either RAM. In addition, either instruction is executed imme-
diately before this instruction. If no Address Set instruction is
executed before a read instruction, the first data read

Lower bit —

— Upper bit Lower bit —

The BF signal can be read to verify if the controller is indi-
cating that the module is working on a current instruction.
When BF = 1, the module is working internally and the next
instruction cannot be accepted until the BF value becomes 0.

When BF = 0, the next instruction can be accepted.

Therefore, make sure that BF = 0 before writing the next
instruction. The AC values of binary AAAAAA are read out at
the same time as reading the busy flag. The AC addresses
are used for both CG RAM and DD RAM but the address set
before execution of the instruction determines which address
is to be used.

b invalid. If read instructions are executed consecu-
tively, data is normally read from the second time. However,
if the cursor is shifted by the Cursor Shift instruction when
reading DD RAM, there is no need to execute an address set
instruction because the Cursor Shift instruction does this.

After the read operation, the address is automatically
incremented or decremented by one according to the entry
mode, but the display is not shifted.

Note: The AC is automatically incremented or decremented
by one according to the entry mode after a write instruction is
executed to write data in CG RAM or DD RAM. However, the
data of the RAM selected by the AC are not read out even if a
read i ion is i i afterwards.




OPERATING INSTRUCTIONS (conrnuen)

9X 7 + CURsOR

Relationships between CG RAM addresses and character codes (DD RAM) and character patterns (CG RAM data),

(5 x 7 dot matrix).

Character code Character pattern
(DD RAM data} CG RAM address {CG RAM data)
76543210 5 4 3 2 10(|76 543210
e-Upper  bit Lower bit—s| [—Upper bit Lower bit+| | -Upper bit Lower bit -
0 0 of % %
0o 0 1
o 10
o] 11
0000000 00 0i: o 0
1 X
11 0
11 1 ooy
0 0 of |« »
0o 0 1
io 10
0000 " 001 00 1i0 11
i1 00
1 0 1
11 0
- - £ £ 2
0o 0 of |+ -
o o
o000 1 11 11 1
1.0 0
P10 1
11 0
1L 9 1 LR
NOTES: B InCGRAMdata, 1 corresponds to Selection and 0 to Non-selec-
tion on the display.

> Character code bits 0 to 2 and CG RAM address bits 3 to 5 core-
spond with each other (three bits, eight types).

P CG RAM address bits 0 to 2 specify a line position for a character
pattern. Line 8 of a character pattern is the cursor position where
the logical sum of the cursor and CG RAM data is displayed. Set
the data of line 8 to 0 to display the cursor. If the data is charged
to 1, one bit lights, regardless of the cursor.

P The character pattern column position corresponds to CG RAM
data bits O to 4 and bit 4 comes to the left end. CG RAM data bits
5 to 7 are not displayed but can be used as general data RAM.

B \\hen reading a character pattern from CG RAM, set to O all of

character code bits 4 to 7. Bits O to 2 determine which pattern
will be read out. Since bit 3 is not valid, 00 and 08 select the
same character.

Example of
character
pattem (R)

« Cursor position

Example of
character
pattern (Y)



OPERATING INSTRUCTIONS (conrinuen)

ProGRAMMING THE CHARACTER GENERATOR RAM (CG RAM)

The character generator RAM (CG RAM) allows the user
to create up to eight custom 5 x 7 characters + cursor (5 x 8).
Once programmed, the custom characters or symbols are
accessed exactly as if they were in ROM. However since the
RAM is a volatile memory, power must be continually main-
tained. Otherwise, the custom characters/symbols must be
programmed into non-volatile external ROM and sent to the
display after each display initialization. All dots in the 5 x 8
dot matrix can be programmed, which includes the cursor
position.

The modules RAM are divided into two parts: data dis-
play RAM (DD RAM) and custom character generator RAM
(CG RAM). This is not to be confused programming the cus-
tom character generator RAM with the 192 character genera-
tor ROM. The CG RAM is located between hex 40 and 7F
and is contiguous. Locations 40 thru 47 hold the first custom
character (5 x 8), 48 thru 4F hold the second custom charac-
ter, 50 thru 57 hold the third CG, and so forth to 78 thru 7F for
the eighth CG character/symbol.

If during initialization the display was programmed to
automatically increment, then only the single initial address,
40, need be sent. Consecutive row data will automatically
appear at 41, 42, etc. until the completed character is
formed. All eight custom CG characters can be programmed
in 64 consecutive “writes” after sending the single initial 40
address.

The CG RAM is 8 bits wide, although only the right-most
5-bits are used for a custom CG character row. The left-most
dot of programming the CG RAM character corresponds to
D4 in the most significant nibble (XXXD4) of the data bus
code, with the remaining 4 dots in the row corresponding to
the least significant nibble (D3 thru DO), DO being the right-
most dot. Thus, hex ! F equals all dots on and hex 00 equals
all dots off. Examples include hex 15 (10101) equal to 3 dots
on the hex OA (01010) equal 2 dots on. In each case the key
5-bits of the 8-bit code program one row of a custom CG
character. Vhen all 7 or 8 rows are programmed, the char-
acter is complete. A graphic example is shown below:

RS RIW Data Display Description

0 0 40 — addresses 1st row, 1st CG character

1 0 1 B ¥ result of 11, 1 st row

1 0 OA - result of OA, 2nd row

1 0 1F Hoe result of 1 F, 3rd row

1 0 04 * result of 04, 4th row

1 0 1F whkrs result of 1 F, 5th row

1 0 04 * result of 04, 6th row

1 0 04 * result of 04, 7th row

1 0 00 — result of 00, 8th row (cursor position)

1 0 15 wx 1st row, 2nd CG character.
Note: Addressing not now required;
hex 48 is next in the sequence.




2)

L1672-Series (16 characters x 2 lines)
L1682-Series
L1692-Series

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Linel | gp|p1 | 82| 83|84 |85)86|87 |88 |89 |sa|8m|8c|sn|eE |ar

C7| CB| C3 |CA|CB |CC [CD |CE (CF

CO| C1| Cc2| C3| c4| C5| C6
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@ MOTOROLA

Quad Single Supply
Comparators

These comparalors are designed for use in level detection, low-level
sensing and memory applications in consumer automotive and industrial
electronic applications.

* Single or Split Supply Operation

® Low Input Bias Current: 25 nA (Typ)

Low Input Offset Current: +5.0 nA (Typ)

Low Input Offset Violtage: +1.0 mV (Typ) LM139A Series

Input Common Mode Voltage Range to Gnd

Low Qutput Saturation Voltage: 130 mV (Typ) @ 4.0 mA

TTL and CMOS Compatible

ESD Glamps on the Inputs Increase Reliability without Affecting Device
Operation

® e s 0 0

MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voltage veo vde
LM239, A/LM339A/LM2901, V/ +36 or 18
MC3302 430 or £15
Input Difterential Voltage Range VIDR vde
LM239, A/LM33IA/LM2901, V 36
MC3302 30
Input Gommon Mode Voltage Range VICMR -03toVeo Vde
Output Short Gircuit to Ground (Note 1) IS¢ Continuous
Power Dissipation @ Ta = 25°C PD
Plastic Package 10 w
Derate above 25°C 80 mW/~C
Junction Temperature Ty 150 c
Operating Ambient Temperature Range A “C
LM239, A -2510 485
MC3302 —40 1o +85
LM2801 4010 4105
LM2501V -4010 4125
LM339, A 010 +70
Storage Temperaturs Range Tsig ~6510 +150 “c

NOTE: 1. The maximum oulput current may be a5 high as 20 mA, independent of he mageitude of Vg
Culput shor circuis 10 Y. can Cause excessive heating and evenual desiruciion

‘Order this document by LM339/D

LM339, LM339A,
LM239, LM239A,
LM2901, M2901V,

MC3302

N,
PLASTIC PACKAGE
CASE 646

D SUFFIX
PLASTIC PACKAGE
CASE 751A
(S0-14)

PIN CONNECTIONS

(Top View)

Figure 1. Circuit Schematic

Voo ¢ + et hed Okt ORDERING INFORMATION
Operatiny
[ % ]’ [ Device Temperature Range |  Package
- - LM238D,AD . S0-14
= (M2agN AN | TA=ZE10EC | piago pip
LM338D, AD ——— SO-14
I
H LM2801D i | so-1a
] Wazgoin | A=H0OH0SC ] pagy e
g LM2801VD - —dp® o SO-14
Tam (MagoiyN | AT 0TONBT | oo
NOTE: Disgram shownis for | comparator MC3302P | Ta =—40°10+85°C | Plastic DIP

© Motorola, Inc. 1996

Rev2
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LM339, LM339A, LM239, LM239A, LM2901, M2901V, MC3302
ELECTRICAL CHARACTERISTICS (Ve = +5.0 Vde, Ta = +25°C, unless otherwise noted)

LM239A/339A LM239/339 LM2901/2901V MC3302
Characleristic Symbol [ Min [ Typ [Max | Min [ Typ [Max | Min | Typ [Max | Min [ Typ [Max | unit
Input Offset Voltage (Note 4) Vio - |x10]z20| - [s20[s50]| - [+20][+70]| - [+30]+20 | mvac
Input Bias Current (Notes 4, 5) ™ — |25 [zs0| - [25 [2s0] - [25 [250] - [ 25 [500] na
(Outputin Analog Range)
Input Offset Current (Note 4) lio - |#50]50 | — |50 | 450 | - |50 |50 | - |23.0|£100]| nA
Input Gommon Mode VoltageRange | Vicmr | 0 | - [Vee| © | = [vee| © [ = [vec] © [ - [vec] v
-18 -15 -15 -18
Supply Current Ico mA
AL = = (For All Comparaors) - |os |20 - |os|20] - [oB[20| - |08 |20
AL = =, Vgg = 30 Vde - |1o)as] - |1oj25] - [1ofas| - |10]|25
Voltage Gain AvoL |50 |20 - [s0 [200] - |25 [100 [ - |25 [100]| - | wimv
RL 2 15 kQ Vo = 15 Vde
Large Signal Response Time - - Jsoo| - | - [so0| - | - fs00]| - |- faco| -] ns
= TTL Logic Swing,
Vref = 14 Vde, VRL = 5.0 Vd,
AL = 5.1k
Response Time (Note 6) - - Tl -T-Tws]-1-Twa=]-1T-Tw=]-171us
VR = 5.0 Vdc, A= 5.1 ko
Output Sink Current Isik |60 |16 | - |60 |16 | - |60 16| - |60 |16 | - | mA
V) (=) 2 +1.0 Vdc, Vi{+) = 0,
Vo< 1.5 Vde
Saturation Voltage Vsat ~ 130 [aoo | - 130 [a00 [ - [130 {400 | - [+130 [500 [ mv
Vi) 2 +1.0 Ve, Vil+) =
Isink < 4.0 mA
Output Leakage Gurrent oL - et |- [ - et |- |- ot -|-Jei|-][m
Vi(+) 2 1.0 Vde, Vii-) = 0,
VQ = +5.0 Vdo
PERFORMANCE CHARACTERISTICS (Vg = +5.0 Vde, Ta = Tiow o Thigh [Note 3])
L LM239/339 LM2901/2901V MC3302
Characleristic Symbol | Min | Typ |Max | Min | Typ | Max | Min | Typ |Max | Min | Typ | Max | Unit
Input Offset Voltage (Note 4) Vio - | - [0 - | - [200] - [ - [#5] - | - [0 | mVac
Input Bias Gurrent (Notes 4, 5) B = - |400| - - |400 [ - - |%500| - - |1000]| nA
(Qutputin Analog Range)
Input Offset Current (Note 4) lio - | - Juso] - | - [eso] - | - [s200] - | - [z300] na
Input Common Mode VoltageRange | Vicmm | 0 | - [vec| © | - [vec] @ [ - [vec] o | - [vee] v
-2.0 -20 -20 20
Saturation Vohage Vsat - |- Jmof - |- Jmo] - |- [mo] - |- [70] mv
Vi=) 2 +1.0 Vdc, V() =
Isink < 4.0 mA
Output Leakage Current oL - -Twl-T-Twl-T-Tw]-1T-Tw0]r
Vi(#) 2 +1.0 Vde, Vi-) = 0,
Vg = 30 Vide
Differential Input Voltage Vip = |- Ivee] - | - [vee] - | = [vec] - | - |vec]| vae
ANV} 2 0 Vde

NOTES: 3. sz:wmw Tiow = -25°C, Thigh = +85°
(LM339/339A) Ty = 0°C, rmh =40

MCS02) Tiy, - ~40°C.
(LM2901)
[wmow;tf'm

-40°C,

v gl e
5‘“",\ +125°C

4.Adthe output Swich poinl, VG~ 1.4 Ve, Rg < 100.0 6.0 Vo < Vs €30 Vide, wilhthe inpus over he full common mode range

(0 Ve o Ve ~1.5 V]

5. The bias current flows out of the inputs due 10 the PP input stage. This curren is vinually canstant, independent of the output state.
6. The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger signals, 300 ns i typical.
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Figure 2. Inverting Comparator
with Hystersis

Figure

VGG R1
Rref +R1
R3 = Rl // Rref// R2

Vref =

R1// Reef
" RI//Rpei +R2

R2 » Rref //R1

VH [VO(max) = VO(min)!

Typical Characteristics

3. Noninverting Comparator
with Hysteresis

+Vee

Ve Ri
Rpef +R1
R2 = R1//Rref

Amount of Hysteresis Vi

ref=

R2
VH= g2, R3 [(VO(max) - VO(min)]

(VGG = 15 Vdc, TA = +25°C (each comparator) unless otherwise noted.)

Figure 4. Normalized Input Offset Voltage

Figure 5. Input Bias Current

. \
g I e
E w1 m-sc —
_A g | 1520t
2
s e forreT
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5
)
q E)
=i6p
0
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Ta. AMBIENT TEMPERATURE (°C)

Output Saturation Voltage

Figure 6. Output Sink Current versus

Ve, POWER SUPPLY VOLTAGE (Vdc)

T T
T ‘ e ‘25°cj‘
B prpar=n /
g 50 4 Th - +125°C
g / AL
= /|
5 30 7
S /]
o w42/
- ///
Z
0 100 200 30 w50

Vsat, OUTPUT SATURATION VOLTAGE (mV)
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Figure 7. Driving Logic

Rg = Source Resistance
AT = Rg

; < Vec | RL
Logic Device ) kQ
CMOS_[1/4MC14001] +15 | 100
TTL [14MC7400 | +50 | 10

Figure 8. Squarewave Oscillator

Vocz 40y

T =T2=069RC

te=s
CluF)
R2=Rd=A4

R1 ~ R2//R3/IR4

APPLICATIONS INFORMATION

These quad comparators feature high gain, wide
bandwidth characteristics. This gives the device oscillation
tendencies if the outpuls are capacitively coupled to the
inputs via stray capacitance. This oscillation manifests itself
during output transitions (VoL to Vou). To alleviate this
situation input resistors < 10 k2 should be used. The addition

Figure 9. Zero Crossing Detector
(Single Supply)

D1 prevents inpul from going negative by more than 06 V.

Ri+R2=R3
5

RE "
R3< 13 forsmal erorn 2z crosing

of positive feedback (< 10 mV) is also recommended. It is
good design practice to ground all unused input pins.

Differential input voltages may be larger than supply
voltages without damaging the comparator’s inputs. Voltages
more negative than ~300 mV should not be used.

Figure 10. Zero Crassing Detector
(Split Supplies)

Vin(min) = 04 ¥ peak for 1% phase distrtion (A@).

Vin Vin(min)
Voo = ]
10k
Vin o vee{— [I—
= Ve Vo J; e
Ve e
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OUTLINE DIMENSIONS
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FEATURES

* NON-CONTCACT SWITCHING.

#3 PIN CONNECTOR.
APPLICATION

* SCANNER.PRINTER.

PACKAGE DIMENSIONS
232
049
2 fee. i
::[( £ s--
@ 1 r ‘ \ﬁﬂﬁ
5 | e ] o
18.80(0.73)
&
0 317
o TR e
a [ i . (
H i

%ZWW’////’ [ 3 (Bck)
L @ w
Gt o ey
NOTES:
1. All dimensions are in millimeters (inches).
2. Tolerance is #0.25mm(.010") unless otherwise noted.
Part No. : LTH-860-PSIW1 DATA SHEET Page : of 5
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ABSOLUTE MAXIMUM RATINGS AT TA=25°C

PARAMETER | SYMBOL 1 MAXIMUM RATING UNIT
INPUT DIODE
Power Dissipation Po 75 mW
Continuous Forward Current I 50 mA
Reverse Voltage \ 5 v
'OUTPUT PHOTOTRANSISTOR
Power Dissipation P 100 mW
Collector-Emitter Voltage Vo 30 v
Enmitter-Collector Voltage Ve 5 v
Collector Current I 20 mA
Operating Temperature Range T -25°C o + 85°C
Storage Temperature Range Tas -55°C to+ 100°C
Lead Soldering Temperature 260°C for 5 Seconds
[ 1.6mm (.063") Form Case | T=

Part No. : LTH-860-P51W1 DATA SHEET

Page : 2k

BNS-OD-C131/A4
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ELECTRICAL OPTICAL CHARACTERISTICS AT TA=25°C

PARAMETER |SYMBOL| MIN. | TYP. I MAX. |UN1T| TEST CONDITION
INPUT DIODE
Forward Voltage Vi 12 1.6 v Ie=20mA
Reverse Current Ir 100 HA V=5V
OUTPUT PHOTOTRANSISTOR
Collector-Emitter Dark Current | le=n | | | 100 | nA | V=10V
COUPLER
Collector-Emitter Saturation Voltage | Vewew 04 | v 1=0.25mA
1f=20mA
Va=5V
On State Collector Current Lear 0.5 mA [=20mA
Rsipide i Rise Time Tr 3 15 s Va5V, l=2mA
Fall Time Tr 4 20 R=100 Q
Part No. : LTH-860-P51W1 DATA SHEET Page : 3 of 5

BNS-OD-C131/A4
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Fig.1 Power Dissipation vs.
Amblent Temperature
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§
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Fig.3 Cllecior Current vs.
Collector-emitter Voltage
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Forward Currant I¢ (mA)

Collector Current le (mA)

TYPICAL ELECTRICAL / OPTICAL CHARACTERISTICS CURVES

(25°C Ambient Temperature Unless Otherwise Noted)

Fig.2 Forward Current vs.
Forward Voliage
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0
0 020.406081.012141618
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Fig.4 Collector Current vs.
Ambient Temperature

Ir =20mA
Veg =5¥

0
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Ambient Temperature Ta (C)

Part No. : LTH-860-P5S1W1 DATA SHEET
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TYPICAL ELECTRICAL / OPTICAL CHARACTERISTICS CURVES

(25°C Ambient Temperature Unless Otherwise Noted)

Fig.5 Collector—emitter Saturation Fig.6 Response Time vs.
Voltage vs. Ambient Temperature Load Resistance
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Test Circuit for Response Time
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